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FRONTISPIECE - PLATE 1 

Oblique Aerial View of Study Catchments from Ridge Road Looking 

towards the Pohangina River 





SUMMARY 

Sequential aerial phot~graphs taken in 1946, 
1958, 1966 and 1972 were used to study the changes in 

erosion and vegetation over two a'djacent catchments 

.. iv 

in the Pohangina County, 35 km north east of Palmerston 

North . Infra red colour and Kodachrome prints were 

used as well as black and white film for added inter

pretive value. 

The major problem in these watersheds is the 

severe canyon gullying that occurs in the unconsolidated 

Castlecliffian Sand underlying this area. 

Number 1 catchment ( 240 ha ) is in a mor~ critical 

state with regard to erosion, than Number 2 catchmeat 

( 200 ha ). It yielded extremely low dry weather flows, 

with much of the str eambed completely dry except in flood 

events, or fed only by seepage from small springs. Reasons 

for the significant differenees in the behaviour of the two 

catchments are suggested. 

Attempts were also made with limited resources to 

look at the flood levels and sediment loads contributed to 

the Pohangina River by these catchments. It was calculated 

from a flood 10/3/72 that sediment loads in the order of 

3 tonnes/min could be reached at the flood peak. Mechanical 

analyses showed that 80 per cent of this load falls in the 

size range of fine sand. 

Using a mirror stereoscope and simple morphometri8 

and photointerpretive methods, the physical factors contribut

ing to the erosion and headward gully movement in the two 

catchments were compared and a series of deductions made 

in eonjunction with the history and manageme•t of the 

properties involved. Headward gully movement and increased 

erosion was proposed to result from climatic events and 

•hanges as well as the removal of large a reas of scrub and 

regenerating native bush on the gully sides• Feneing off 



v 

the gullies, complet e withdrawal of stock from them and 

a llowing unrestricted r~genera t ion o f native species coupled 

with the planting cf exotic trees and the erection of c on 

servation structures should have been instigated as soon as 

the problem became a ppa rent. These measures have also 

been advocated by other workers and organizations for simi

lar problems in the same a r ea . 

* * * * * * * * * 
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CHAPTER ONE 

INTRODUCTION 

The study area consists of two adjacent catch

ments situated on the unconsolidated Castlecliffian Sand 

country in the Pohangina County. This parent material 

was first recognized as an erosion problem with respect 

to canyon gullying in the middle 1930s 1 and since the 

late 1940s has been an area of major concern for the 

1 

Manawatu Catchment Board. Various conservation structures 

and extensive planting of different exotic tree species, 

coupled with improved pasture and stock management, have 

resulted in the near stabilizatio n of some 0f the water-

sheds in the district. Other waters heds are still con-

tributing unknown quantities o f sediment t o the Oroua and 

Pohangina Rivers in each runoff event. 

This study, although mainly qualitative in approach, 

endeavours to c ompare the sediment loads produced at peak 

runoff times in 1972 by the two study catchments. Flood 

level recorders were installed to provide an indication 

peak lev e ls reached by flo od waters. With the 

simple equipment available, flood water samples were taken 

as near to the flood peak as could be judged. Mechanical 

analyses carried out on these samples determined the pro

portions of coarse sand, fine sand, silt and clay in the 

sediment load. 

Dry weather flows were recorded monthly and daily 

rainfall records were kept for 1972. The lack cf auto

matic recording equipment and rainfall and runoff data for 

preceding years, however, limited the study largely to 

photointerpretive work with sequential airphotos combined 

with consequent field checks and observations. 

The comparison between the two catchments and 



2 

the reasons behind the significant differences in behaviour 

des pite the same climatic and geo log ic regime, was a major 

aspect of the study. Catchment Number 1 exhibited a far 

more sever e degree of canyon gullying than Catchment Number 

2. I n conjunction wit h this, was t he fact t ha t a lthough 

Number 2 was the s maller catchment, ( 200 ha compa red with 

240 ha ) the streamflow throughout the year was always sev-

eral tim e s as great as that i n the larger ca tchment. Even 

during flood events the fl ow was greater but the sediment 

yield much smaller. Another anomaly arises from the fact 

that Numbe r 2 catchment has a much greater proportion of 

its area c overed with scrub and bush. Hence one would ex-

pect the runoff to be c orr esrondingly less instead of greater. 

The flow regime o f Number 1 catchment is such that 

for much of the year a l arge proporti on of the streambed is 

c ompletely dry. Those a r eas tha t are perma nently wet appear 

t o be fed from s mall c o ntact springs originat ing in seepage 

z ones u p the gully side s in several different places. 

Wherea s the streambed in Number 2 catchment is 

generally grassed right do wn t o water l eve l, with the flow 

containe d in a narrow channel a t no p l ace more than 1 m 

across, the streambed in Number 1 cat chment is a relatively 

wide aggraded channe l with the gully walls rising almost 

vertically on each s ide. Judging fr om the speed at which 

the s and built up behind t h e two concrete drop structur e s 

insta lled in this gully by the Manawatu Catchment Board in 

1971 a nd 1973, there is a considerab le depth of sand over 

much of the length of the gully, suggesting a high level of 

interflow and baseflow in place of surface runoff. 

Aerial surveys flown in 1946, 1958 and 1966 were ob

tained from Aerial Mapping Ltd., Hastings and a 1972 survey 

was flown by Mr. D.G. Bowler, Department of Soil Science, 

Massey University. These photographs were supplemented by 

35 mm Kodachrome and infra red colour transparencies for 

further information, and enabled a sequential study of the 

erosion and regeneration of scrub and native bush in each 



catchment to be made. Headward gully movement and a 

change from slip erosion to a predominance of canyon 

gullying were observed over the 26-year period. 

The Kodachrome and infra red colour trans

parencies were particularly valuable i n that they could 

be projected side by side and the featur e s of interest 

examined, identified and compared on & l a rge scale . In 

conjuncti on with the black and white prints , they per

mitted a more accurate inventory of vegatative species 

to be made. 

These observations were all tied in with the 

managemen t practices and history of th e holdings making 

up the two catchm ent areas. This was a difficult task 

as the urper part of each wat ~rshe d is managed as part 

3 

of one property, while the lower part is owned and managed 

by another f armar. Also small areas on th~ west ern side 

of the Number 1 gully fall i nto two different properties 

again. 

With the aid of simple morphometric and photo

grammetric techniqu_es , a number of exercises an d measure

ments were made in order t o determine f-hysical differences 

tha t c ould help _explain th e dis_similar behaviour of the two 

catchments. These included natural drainage analyses, 

stream ~rofile construction, crest line profiles and the 

patterns exhibited by the subwatersheds o f each watershed . 

All such exercises are simple to carry out a nd once the 

results ha ve been interpreted for a minimum number of cases _ 

could hav e wider a:r-plication to other catchments in .. the 

same geologic and climatic region. 

Thus, as well as being an attempt to explain the 

differ ence in behaviour between two eroding c atchments in 

the same district, this study is also aimed at encouraging 

the greater use of a variety of photographic films for 

analysing _soil conservation problems o It is also hoped 

that other workers in this and allied fields will make 

_fuller use of the numerous simple techniques availab le .in 
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morphometry and photogrammetry. Qua lita tive rather than 

quantitative field observations, an d measurements requiring 

no expensive equipment or rec ording ma terials can also be 

made t o produce valuable information a t very small cost. 

* * * * * * * * * * * 



CHAPTER TWO 

DESCRIPTION OF THE; STUDY AREA 

2.1 LOCATION 

The area of study is located in the Pohangina 

County o f the Manawatu district about 35 km north east 

5 

of Palmerston North ( Figure 2.1 ). It consists of two 

adjacent catchments, approximately 240 ha and 200 ha, in 

arta. Known as Cul ling's gullies, these catchments ex

tend from headwaters bordering on Ridge Road, to their 

confluence near the Pchangina t ownship end of Branch Road, 

a nd join the Poha ngina River below the northern end of the 

township. The study ar ea thus forms pa rt of the eastern 

flank o f the Poha ngina a nticline which lies between the 

Pohangina a nd Or oua Rivers ( Plat e 2.1 ). The map refer

ence from the Ne w Zeala nd Geological Survey Map, 1:250,000 

Sheet 11, is N32/2761. 

The headwaters and upper parts of the two watersheds 

are owned by Mr. W.M. Stewart of Te Awa, R.D. 3 Feilding. 

The lower parts are farmed by Mr. J. Culling, Pohangina, 

Utuwai R.D., Ashhurst in conjunction with another block of 

land in FiIUliB Rond. Smaller periphery areas of the catch

ments fall into the properties of a further two farmers. 

Thus the overall management of the watersheds as a whole is 

complicated by multiple ownership. 

The western gully system will henceforth be referred 

tc as Number 1 gully, and the eastern system as Number 2 

gully, ( Figure 2.2 ). 

Access to the gullies is made either from Ridge Road 

and dropping into the headwaters, or through the gat~ onto 

Branch Road just to the right of Mr. J.M. Passey's dairy 
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PLATE 2.1 

Aerial view of the Study Area, showing Location on the Eastern Flank 
of the Pohangina Anticline between the Pohangina and Oroua Rivers. 



FIGURE 2.2 SPECIFIC LOCALITY MAP 

Scale 5km = 8 cm 



shed and up the stream t o the c cnfluence of the two 

gullies. Branch Road has been closed t o traffic for 

the l as t decade, but provides walking access up the 

eastern p erimeter of the watersheds. A farm track up 

the eroding hillslope from the con fl uen ce of the two 

streams pr ov ides access t o the ridge between the two 

catchmen ts. In times of flo od, access to the bottom 

of b o th gullies is rather difficult a s t he stream has 

t o be f orded severa l times before the c0n fluence is 

reached. 

Plate 2.2 shows the c onf luence of the two streams 

in dry wea ther, during which flow never exceeded a total 

of 170 1/min, in 1972 when monthly recordings were ma~e, 

9 

( see Chapter Five ). During flood events however, the 

two streams meet in a raging muddy torrent, the contri

bution from Number 1 c a tchment being not iceably more 

turgid and c a rrying a greater sediment load than Number 2. 

The fr ontispiece, shows the gener al view cf the two c a tch

ments lo oking down towards the c onf luence fr om Ridge Road. 

The study a r ea f al ls within the Manawatu Catchment 

Board's Pohangina/Or oua C~tchment Control scheme, one of 

the five maj or river schemes undertaken in the Board's 

a rea. The unc onsolida ted Castlecliffian sandstone under-

lying r e l a tively erodible s oils in the r egion is particul

a rly susceptible t o c any on gu lly er osion and is ~robab ly 

the Board's major soil conservation priority on farmed 

hill country in its district . 

The Te Awa Experimental Ar ea is situated on Coulter's 

Line about 4 km from the t op of Culling's gullies on the 

western flank of the Pohangina anticline. Tew's 

( MacDona ld's ) demonstration farm is situated at the 

Pohangina township end of Finnie Road on thQ same side of 

the anticline as Culling's gullies. 

Thus the work done on these and other demonstration 

farms in the County has provided useful information for 

the present investigation. 



PLATE 2.2 

Conf lu ence nf Number 1 and Numb<'r 2 Gull ies 

PLATE 2 . 3 

Erosi on Debri s at Foot of Waterfall, Number 1 Gully "Knickpoi n t" 



2.2 TOPOGRAPHY 

Although t upography r e fers to th t0 size, shape 

and distribution of features uf the earth's surface 
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and c om~rises of r eli e f, dr a inage a nd cultural features, 

( Lahee 1931 ), on ly the first o f these categories will 

be dealt with in this sectiono A detailed discussion 

of the dra inage rattern of the study c a tchm ents and the 

adj a cent watersheds is described in l a ter chapters. 

The cultural features will be dealt with in Section 2.8 , 

Agriculture a nd Managemen t History. 

Topography, acc ording to Boughton (1968) is the 

on l y catchment charact eristic that has been a dequately 

described in a systemat ic manner by hydrology texts .. 

Since t he work done by Hort on (1932 ) and (1945) however, 

e v en to~ographic characteristics have tended t o be over-

look ed . Bought on list s the various char a cteristics 

wh ich hav e an effect on fl oods or c a tc hmen t wa ter yield 

and the measurements tha t can b e made. Mos t of his 

categories will be dealt with under the discussion of 

mor phometric an d photogr amme tric t e chni ques i n a later 

chapter, an d only qual~tative descriptions will be given 

a t this 1io int. 

Curtis et a l ( 1965) a lso point out the im portance 

of a ccura te descri pti ons of t orogr aphy in field studieA 

of soils ~ Since the s oils of t h e a r ea are classifien 

according to slope criteri a , quantit a tive comments on the 

range of slopes pres ent in the catchments are ma de in Sec-

tion 2 .. 5. Soils. The nature of the slopes in relation to 

canyon gullying a nd o ther f orms of erosion is also further 

dealt with under Section 2~7 ~ Erosion. 

However , a large proportion of the area under in

vestigation has steep slopes with areas of easier tops 

separated by the canyon gulli eso Many of the slopes 

would fall into the " Moderately steep to steep " ( most 

slopes under 30° : many slopes between 18° and 30° 



class of Taylor a nd Pohlen (1970)~ There are a::.so 

pockets of more gentle topogr2phy, a nd vertical and 

nea r verti~ a l gully walls and faces particular l y in 

Number 1 c atch~e~t. 

The head~a ~ers o f the t wo study cat chments rise 

1 2 

to an alt itude of about 360 m abov~ sea l evel at RidGe 

Road , from an elevation o f about 150 m at their confluence. 

In the headwater regions; the hi l l 8lopes fall into Cl ass 

es 5/ and 6/, " ~ odorately steep t o stee:i:: 11 and 11 ·cc-ep 11 

( Taylor and Pohlen , 1970 )n Headward gully erosion 

~r0per has no t invaded this ~ar and the occur~e~ce of 

slips has decreased wi tll imp:.:oved f:>tc,c:~ and pasture manage·· 

men t .since 1 946~ 

J:;_si: inc t "k'.1.i ck poin t s;' :i.n the fo rm of ma jor vra·'.:er-

falls are pr esent i n ea c h guJly. Downstream from this, 

extremely severe and sr+ctacular canyon gu l lying is t h8 

main feature of the wgsteril Number ~ gully syst em~ The 

di f fer en c e ~etw een the two gu lly systems is qu i te marked? 

Number 2 gully is gene r ally ~ell-grassed right dowr.. to the 

a ctual streambe~ wi th the flow contained in a na~row 

c hanne l no wider than 'i m across . T~ere are only occ as -

i onal areas of gully~.n~ and st r ep cliff~a 

Numbe~ 2 gu l ly ~s or..e continual canyon from th a 

"knic k r.·oin t 11 clowr.. r,c the ~cnflu~,nce c·r i th f!·..imber 2 n The 

gully bott om i s devo.;..d of vegetation jn rn0st; places i a 

wide fla~ sandy aggruded c ll~nnel witi1 ~h~ gully sides ri~ing 

alrr.os"': ve.".'t icaJ..ly on r,i ther side ~ At some po ints the 

vallsy fJ .oor i s na~~ow 1 dark and overhung with trees; at 

other points extremeiy broad with soar~ng cli ffs reaching 

up fo r mor e than 50 O a 

Most o~ the t~ ibutar ie s flo~ing into Number 2 gully 

dr op over waterfa llc of the o~der o~ 1a5 - 5 m high. 

Headwa~ d gully er osion has not extended into the tributari ~Ej 

as it has done in Num~er 1 g~lly an6 is :n fact only severe 

just belo•.-.r the 11 l~nick point", a •.-Ja t er fa 11 oi about 4 m higho 

I n Numb er 1 gully, many of the t~ibutaries, like 



the main channel have also been gauged out to form flat 

bottomed dry sandy corridors that culminate in a jumble 
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of blocks o f crumbling unconsolidated sandstone and mobile 

l oo se sand 0 f incredible steepness, or in a wa terfall, 

( Plate 2.3 ). 

The streamflow in Number 2 gully is permanent flow 

from the waterfall downstream, in most years, whereas the 

only permanent flow in Number 1 gully is for the last few 

hundred metres above the c cn fluence. With the larger area 

of watershed contributing to flow in Number 1 ( 240 ha cf. 

200 ha in Number 2 ), a correspondingly higher permanent 

flow over a longer distance of the cl1annel is to be expected. 

This anomaly is explained by the much higher interflow and 

baseflow through the deep layers of sand on the channel 

floor . The channel floor in Number 2 gully, in comparison 

still has a stony bottom in many places or flows through 

siltstone an d less perm eab l e s andst one . 

The short distance o f actual streamflow in Number 

1 gully issues from several small seepage zones on the 

sides of the gully where sm a ll contact springs originate , 

( P l at e 2.4 ). The flow a t these points runs into a com

pletely dry channel , ( Plate 2.5 ) and in the drier months 

has j o ined the underground fl o w before reaching the perman

ent flow further downstream. In the wetter months the 

overland flow extends furth8r up the gully, but still is 

not necessarily continuous . 

Throughout 1972 the surface runoff measured monthly 

in Number 2 gully was always 5 - 9 times greater than that 

measured in Number 1 for the above reason, ( see Chapter 

Five ). 

Due to the large number of tributaries flowing 

into eac h catchment and thus the highly dissected nature 

of the study arei , any one aspect cannot be said ~o pre

dominate. However , as recorded in the Manawatu Catchment 

Board's Conservation Farm Plan for Mr. J . Culling's 

property, the block is reasonably sheltered from the north 



PLATE 2. 4 

Seepage Zone Contri but.ing to Streamflow Nwnber 1 Gully 

PLATE 2 . 5 

Seepage Flow Me et ing Dry Channel Number 1 Gully 



15 

and west but bec omes more exposed a t the higher altitudes. 

However, the a spect o f the individual slopes does 

have c c nsiderable i mportance wit h respect t o erosion poten

ti&l, as has been obs erved by work ers in other parts of 

New Zealand ( Archer, 1969 ) and Aus tra lia , ( Newman, 1957 ). 
For example, northerly a s~ects bear mor e impa ct of N. W. 

winds an d t hus und ergo mor e moisture loss from evaforation 

than do s ou t h f a ci ng slopes. Alsc contributing t o this 

effect is the grea t e r ina•la tion received. Sunny faces 

a lso a ttra ct a higher grazing pressur e fr om s t o ck and thus 

more likelihoo d o f deple tion o f ground c over. Thus north 

f a cing slopes tend t o suffer pasture deterioration a nd a 

higher degr ee o f e r osion po t en tial before the s outh f a cing 

slopes. 

The a ct ua l a xis cf the Pohangina anticline runs in 

a N. N. E. direction , a nd can be tra c ed f or about 32 km from 

about 30 m a .s.l. a t Pa lmerst on North t o a bout 340 m a .s.l. 

a t Beehive Cr eek , whi c h a lso extends from the t op of the 

a nticline and dra ins eas twa rds int o the Pohangina River . 

On t he eas t ern flank o f the antic line , most o f these ca tch

men t s , described by Te Punga (1954) as sec onda ry consequent 

streams, fle w stra ight i nto the Pohang ina River, but the 

more norther ly ones a re a ll tributar i e s of Beehive Creek. 

The we st ern fl a nk o f th e ant icline is similarly drained, 

the streams fl owing dir ectly into the Oroua River a t the 

nort hern end, but joining the Mangaon e Stream at the 

s outhern end o f the an ticline. 

In t he district around Culling's gulli e s and Bee

hive Creek, a ll the streams have very steep longitudinal 

profiles. Som e of the streams have eroded headwards with 

such vigour that their heads now li e west of the anti

clina l crest. Thus as erosion proceeds the divide is 

shifting progressively westward o f the crest of the fold. 

From the geological cro s s sections observed in Culling's 

gullies, the crest of the an ticline now lies a consider

able distance down the catchments. 
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Thus t he s tudy a rea exhibi ts r emnants of mature 

to~ography in the f or m o f th& ridges and crests above the 

steeper r ejuvenated s l opes . This r ejuvenation and down

cutting of the vall eys is st ill ac tive, leading t o the 

r api d and severe degr ade of the valley floors. Terrace 

r emnants are found on the easy t ops between the two gully 

systems and to the west c f Number 1 gul ly. After the 

c onfluence of the two streams a t an elevation of about 

1 70 m, the stream flows over a low terrace i nto t he 

Pohang ina Ri ver . 

* * * * * * * * * * 
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2.3 CLIMATE 

2 . 3 . 1 General Introductio n 

In his list of climat ic characteristics tha t should 

be recorded in catchment st udies , Boughton (1968) lists the 

fo ur ffiBin c a tego ries of : 

Ra i nfall and Snow 

Radia ti on and Temper a tur e 

Hum idity and Evapor a ticn 

Wind 

Unfortunately most o f the m~asurements that c an be made 

under thes e heading s requirt access t o an extensive period 

o f rec ords. 

The cnly r ecords a ctua lly kept fr om the study area 

were the dry weather monthly streamflows , flood flows ( when 

feasible) , and daily r ainfa ll f or 1972 . The figures clos

est t o t hos e expected fr om Culling ' s gullies will be those 

kep t at the Te Awa Experimen t a l farm . However, because Te 

Awa lies o n t he west ern flank of the ant icline , c onsiderable 

differences due t o aspect, e l e vation and slope could exist . 

Otherwise , any availabl e r ecords of relevance to the area 

under i nvestiga tion a re c onsidera ble distances away , but 

will be di s cussed where afplicable . 

The dissected nature of t he ca tchments and t he multi

tude of different as~ects and elevati ons within them obviously 

l eads t o large va riation s in microclimate over the study area . 

These large variations i n microclimate in turn great ly affect 

erosion potential and stability. 

Some of the main elements of the district climate a r e 

summarized in Appendix I . 
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2.3.2. Precipitation 

Fr om Te Awa t owards the Ruahin~ Ranges i n beth 

easterly and north east~r ly directi ons t he annual rain

f a ll increa ses, reflecting the or ogra}·h i cal influence of 

both the ranges and the anticline~ ( Greenall e t al: 

1951 ; Wright , 1968 ) . This infl uence tends to be mor e 

marked for r a infall totals o f wetter years . 

An aver age annual rainfall of 1145 mm is recorded 

for Mr. J . Culling's profcrt y in h is Conservation Farm 

Plan ( M.C.B. Files ) . Te Awa has an average rainfa ll 

of 1020 mm per year . AwahGu, 15 km t o the east has an 

annua l a verage of 11 90 mm ; Apiti, 32 km to the north 

averages about 1300 mm per annum , ( Wright , 1968 ) . 
This same sourc e quotes the annua l va riability of r ainf all 

as being 70 mm for the district. Komako , 25 km to the 

north cant of Te Awa has an annua l rainfall mean of 1319 mm, 

( N.Z . Met. Service , 1973 , Rainfall Percentiles ). 

er relatively close centre is Colyton , with an annua l 

aver age of 1027 mm. 

Ano th-

The varia tion from y0ar to y0ar of the annual rain

f a ll over the Pohangina district as a whole , can be inter

po l ated from Komaku and Colyton figures and is as fol l ows. 

( Feilding and Pa lmerston North figurec a r e a l so included 

for the comparison. ) 

TABLE I VARIABILI'rY 

Length of 
r e cord 

Komako 1913 - 1969 
Colyt on 1912 - 1969 

Feilding 1890 - 1969 
P.N . DSIR 1928 - 1969 

OF RAINFALL 

minimum 
r ainfall 

879 mm 

716 mm 

651 mm 

713 mm 

AT KOMAKO AND 

maximum 
r a infall 

1830 mm 

1398 mm 

1226 mm 

1299 mm 

COLYTON 

me an 

1319 
1027 

931 

994 

SE 
m 

30 .. 1 
22.6 
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Thus , remembering t hat the Pohangina district is 

closer to the ranges than FeildinG and Palmerston North , 

the yea r to year variability in the a verage rainfall 

figures is not excessive compa red with other districts. 

Greenall et al ( 1951) note thu t y ~ars of high r a infa ll 

have gener a lly been followed by years of low rainfall. 

Wright (1968) describes the drought risk in the 

Pohangina County as low , but Gl a ss (1957) mentions a 

tendency for summer draughtiness in the general area. 

Greenall ~ a l ( 1951) sta te that " although subject to 

summer drought, the a rea has good drought resisting 

characteristics and seldom b~comes completely browned off. " 

Most of the r ainfall f alls from late autumn to 

spring , with the maximum r ainfall in winter . March and 

September are usually the driest months with a slight in-

crease in r a i nfall in the summer months . The rainfall 

va riab ility during January and February is much greater 

than for any other months , e . g . extremes of February rain

fall r a nge from 7 mm in 1939 to 190 mm in 1936 , as quoted 

by Greenall ~ al . Much of this summer r a infall is from 

instability showers. Thunder s torms occasionally occur 

causing high intensity precipitation of short duration. 

At the Ballantrae research a r ea on Saddle Road 

14 km S .S. E . of t he study area, thunder has been recorded 

on three days per year over the l ast three year s . 

Severe local damage has sometimes resulted from 

these heavy but shor t dura ti on summer storms . For example , 

the great storm of February 1936 caused widespread damage 

over much of the Manawatu , Tararuas, and Souther n Ruahines . 

Following this storm accelerated erosion became widespread 

in the Pohangina district . Other high intensity fal ls 

pre 1950 could hav e had similar effects , especially on 

areas of poor vege t ative cover and stabilit y . 

The followi ng intensities were recorded from Te Awa 

i n 1949. 

63 mm in 1 hour ( 7/1/49 ) 
89 mm i n 1.5 hour s ( 3/1/49 ) 

88 mm i n 4 hours ( 7/1/49 ) on this datt 120 mm in 
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2 h ours were recorded a t Awnhou North. 

One ws uld expect high runoff from intensities like 

these, especially in summer if th6 s o ils have dried out, 

hardened and cracked r esulting in surfaces of low permea-

bility. With the st ~ ~ s l opes and highly erodi b le sub-

stra t a , c oncentra tio n o f r unoff i s r a pid and veloc ities 

high , l eading to f as t and severe degra de in the gullies 

and high sand and sedimen t loa ds i n the streams . 

In th e wi n ter months cf high r a i n f a ll, t he s oil and 

substrata become satur a ted. This l eads t o s l ope insta~ility 

and the steeper slopes especially a re predi s posed t o wa rds 

erosi on. Bot h \fr i ght (1968) and Greenal l !.!_ a l (1951) 
however, describe the clima te of t he Fobangi na d istrict 

as a who l e a s " not i?art icularly erosi on :rr oducing" . 

Terni:er a ture 

As~cct and s l ope influ0nce thu temper a t ures ex-

ICrienced over differ en t ~ar ts of t hu catchments. Ra dia -

tion rea c h i ng the ear th at an ang le is scattered over a 

wi der a r ea than the same: r adi:>. tion striking the g r ound sur-

f ace perfendicula rly . Thus the stee~er the slope , the 

sma ller amount o f heat rec e ived per unit a rea . Nort h fac -

ing s l opes undergo gr eater d iurnal t emper ature va ria tio n 

than sout h f a cing s l opes . Thus t h~re will be considera ble 

tempe r a ture va ria tions that will a ff e ct the mi cr oclimate 

thr ough out the study a r ea , due t o its dissected na ture. 

At Balluntra e the three hottest months are J~nuary, 

6 0 80 February and March, with da ily m~ans of 1 .2 C, 15. C and 

15.1 °c r espectively . The t hr ee c oldest months are June, 

July a nd August, with ·daily means of 7. 6°c, 7.5°c and 7 .4 °c 

respect ively. ( These figures a r e derived from the N.Z. 

Met . Service Observations f o r 1970 - 1972.) 

From temperatur e rec ords kept at Awahout ( Wright, 

1968 ) the warmest month is February , the c ~olest month, 
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July , wi th an a verage annual range i n tempera tures of 

about 10°c . The diurnal r angts a r e "proba bly about 

10°c in summer and 7°c in winter " . Higher wester ly 

f a cing slopes w0uld be expected t o undergo less of a 

diurnal temperature r ange . Deeper valleys , especiall y 

the cany on gullies would be expected to exhibit greater 

ranges . 

2 . 3. 4. Wind 

Over t he who le of t he Manawatu a r ta , the prevail

i ng winds are fro~ t he west and north west , b ut in the 

Pohangina district, channeling by the t opogr aphy pr oduces 

a l ocal dominance from the N. W. a nd S . W. di r ections 

( Wright , 1968 ) o 

~s rec orded a t Ballantrae between 1970 a nd 1972 , 
t he a verage annu a l pE::rcen t a ge fr equency o f surfa ce wind 

directions we r e gr eatest fr om the N. W .. 38 . 4%; E 16 . 0% ; 
and W 15.9%. See Appendix I. 

Typica l of the re s t o f the Manawa tu , wind 

v eloc ities a r e g r eatest during the s pring equinoxa l per i od . 

Dur i ng September and Octob er daily wind runs up to and iu 

excess of 1000 km per da y have be en recorded from Ballan

tra e . However , fo r the ~eriod 1970 - 1972 , t he Ballan

t r ae figures show no one month with a bnorma lly low wind 

runs ( S de Appendix I ) . Wright (1968) quotes the 

windiest month as being November and the lea st windy month , 

July , with winds a bove the annual average from September 

t hr ough to February , for the Pohangina County . 

The wind effect with respect to erosion poten

tia l is main l y r e l a ted t o its influence on t he a ngle of 

impa ct a nd velocity of the r a indrop s . Microclimatic 

observa tions indicate marke d differ ences between s unny 

and sha dy f a ces with respect t o moistur e r etention , 

soil t emper a tures and eva~orat ion . Wind contributes to 
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evaporation especia lly on exposed gully faces . Where dry 

unconsolidated stra t a is exposed, erosion by wind has been 

observed , over t he summer months. On windy da ys, the 

whirling s and particles g ive the gullies t he appear ance 

of s moking . 

• • • • • • 
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2..4 GEOLOGY 

2o4o1o Ger.eral 

The study area and indeed much of the Pohangina 

district is geologically v er y young and has a highly 

erodible substrata of unc onsol idated Castlecliffian sedi-

men ts. The loose unconsolidated nature of this substra t a , 

c ombined with the long steep slopes, the loose textured 

soils and th e elevation of the hills a nd streams above 

base level, a ll contribute to t h e severe erosi on pr ob lem 

in the area ( Plate 2 .6 ) . 

Castlec liffian r ocks outcr op over a wide a rea in 

the Hawkes Bay and Wanganui basins a nd in the Wa irarapa 

Syncline . In places they are recorded by Saunders and 

An derson (1964) a s be ing at l eas t 435 m thick. 

The "Castlecliffian Stagen was ori ginally pro

rosed by Thomson (1916), fer the ur~er part of the con

tinuous s uccessi on o f beds exposed on t he coast be tween 

Wa nganu i a nd Patea . The term "Castlecliffian" now em

braces beds of a simila r age fr om an area f a r a nd beyond 

the type locality on t h e coast a t Castlecliff. 

In the Pshangina a nd Or oua Va lleys the Cast l s -

c li f fian r ocks are predominar. tly slig~tly compacted c oarse 

sands frequently curr en t and cross bedded and closely 

l am i nated by wave a ction ( Pl ate 2.7 ) . Interbedded in 

these c oars e sands a r e lamina t ed siltstones, sandy silt

st ones and occasional c ong l omerate bands. Pumice bands, 

ir on sands and concretions oc cur thro ughout~ These sands, 

silts, pumice bands, conglomerates a nd gravels are either 

in marine sequences or in much dissected high terraces. 

2.4.2. Geological Historx 

Throughout geologica l time, New Zealand's rocks 

have been formed by a c ontinuous interplay of the pro-
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Ste ep Gnlly Wall how
ing Highly Erod i lil c 
Lam i n a t ed ~a s t lec liffi an 

Sand Sub strata a nd Pop-
] ac PulP. s Plan te d at the 
Dot torn. 

PLATE 2 . 7 

Bur j ed As h Clae · wi '.,h Soil d ev e l o pc l on one StFfa.ce, i n Mat rix of Conrse 

a nd. 

..,_ 
::~~ 1~ . ·,, 



c esses of erosion, sedimenta tion, met nmorphism, i gneous 

a ctivity and tectonic movements. The most important 

periods in the development of the New Zea l a nd l andscape 
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a re the Late Terti a ry and t he Qua ternary. See Table II 

Geologica l Time Sca le. However, it is extremely diffi-

cult to define t he a ctua l bounda ry between the Tertia ry 

a nd Qua t ernar y , i.e. be tw een the Pliocene a nd Pleistocene 

Periods, in the New Zea l and situation. 

The Castlecliffia n Stage of t he Wa nga nui Series 

wa s ori g ina lly p l a ced in the Upper Pliocene ( F i n l ay and 

Marwick, 1940 ) . La ter workers, ( Fleming , 1953; Te 

Punga , 1952 and 1957 ; Couper and McQueen, 1954; and 

Kingma , 1 960b a fter Horn ibrook, 1958 ) a ll p l a ce the r ocks 

of Cas tlecliffian age i n t h e Pl eistocene on pa leobotanica l 

an d fos s il evidence. 

Underlying t he Ma na wa t u a r ea an d outcropping in t he 

r a nges a r e r o cks o f t h e undermass l a i d down in the Juras sic 

and then up lifted in the Rangita t a Orogeny between the Upp

er Jurass ic and Lower Creta ceous. 

By t he end of t he Upper Cr e t a c eous a long period o f 

e rosi on had worn down th e mo unt a ins to low r e lief an d part 

of t he Manawatu-Wangan ui a rea was submerged aga in. The re 

followed a s t a ble phase of penep l ana tion an d quartzose 

sedimenta tion. 

Throughout much of New Zeala nd, submergence continued 

until th e Oligocene, wit h t he s eas sprea ding over the l a nd 

from the east. There was no complete withdra wa l of the sea 

from the New Zealand region compared wit h tha t observed 

elsewhere in the world, between Cr e t a ceous an d Eocen e sedi

mentation. 

In the Lower Oligocene any small limestone areas in 

the Manawatu area were l ai d down. This only occurred where 

the sea floor was sha llow, yet far enough from land to be 

clear of pebbles, s a nd and other erosional debris. Clastic 

sediments were still l a id down nearer the diminished land 

areas. The Oligocene then saw the maximum submergence of 

New Zealand by the Tertia ry sea . The country was a chang-

ing archipelago. For over 30 million years the Mana~atu 
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( From Holmes (1959) 
NZGS Map 10, ( Lensen~1959 
and NZGS Map II, Kingma~ 
1962 ) 

-------------------------------------------·-- ---
ERAS PERIODS : SERIES 

QUATERNARY 
Holocene (Recent) Recent 

10,000 years ag o 

Upper Hawera 

Lower 

Upper 

Lower 

FORMATION OR STAGE 

Undifferentiated alluvium 
Sand Dunes 
River Terraces 
Woodville Alluvium 

Undifferenti a ted 
Rapanui Formation 
Brunswick Formation 
Kaiatea Formation 

CENOZO IC Wanganui Nnknmari;rp .St ,., ize 

MESOZOIC 

Upper 
PALAEOZOIG 

Lower 

PRE CAMBRIAN 

( indefinite boundary )(1 mi llion 
TERTIARY years ago) 
Pliocerie 

Miocene 
Oligocene 
Eocene 

(50-70 million yea rs a go) 

CRET.n.CEOUS Ta ita i-Oteke 
Lower 

(Distinct break in seiimentation~ 

JU R.i'.i SSIC 
Upper 

TRIASSIC 

Ko.whia-Oteke 

Kawhia.-Herangi 

(160-220 million years ago) 

PERMI.hN 

\c!ai tataran Stage 

Opoitian Stage 

Kora ngan- Pua rua n Stages 

Wakarara Greywacke Group 

Ruahine Greywacke Group 

- - - - - - - -(Distinct break in •sedimentation) 
CARBONIFEROUS 
DEVONIAN 
SILURIAN 
ORDOVICIAN 
CAMBRIAN 

(500-600 million years ago) 



a rea was probably a shallow ba sin lying on the back 

slop e o f a slowly rising central mountain a xis of the 

North Isla nd. 
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Short ga~s i n the f ossil records point t o local 

withdra wals a nd rea dvances o f land in t he Lower Mi ocene. 

At thi s stage the Mana wa tu- Wa nganui district was above the 

sea again a nd remained so , until it was subme r ged again 

in t he Pliocene in t he latest mar ine transgression in New 

Zealand's history . In f a ct t t &re is no distinct break 

in sedimentation between the Pliocene and Pleistocene , 

wh ere t h e b oundary between t he Tertiary and Qua t ernary is 

usually pl a ced. Climatic c onditions at t his time were 

subtroi- ica l. 

During t his time i nt ermitt en t ea rth mov em ents in

crea sed , culminat i ng in t he KRikour a Or ogeny wit h its 

vigor ous m~untain uplifting ( Fleming , 1962 ) . This 

Ka ikour a Or ogeny sta rt ed we ll back in the Mioc ene , 

( Fleming , 1949 ). Thns when t he sediments of the 

Wanganui Series wer e b e ing lai d d uwn tect onic u~heaval 

was considerable , r esulting in the appear anc e of the Rua

h i ne - Rimu t a ka Horst in the f c rm cf an elc ngated gr eywacke 

ridge between t he ea s t ern and western basins . 

Soon a fter the Pli0cene , the sea regressed a nd 

New Zeal and assumed ar~roximately it s present coa sta l 

cu tline . Any transgressions of tbe sea since then have 

only betn along narrow coast a l strips A Thus the Wanganui 

Series of r e eks were derosited from the Pli oc ene through

out th e Lower t o Mid Pleist ocene . Te Punga (1954) , de

scribes the Wanganui Basin a s rec eiving sedi ments from 

the o lder Tertia ry rocks o f the Taranaki district t o the 

n orth, from the r ising a xia l r a nges to the east and from 

a granitic and meta morphic terrain to the south. As the 

development of the ba sin continued , periodic centripetal 

tilting at the margins resulted in the emergence of pro

grcs si vely y ounger sedime-nts of the \Vanganui Series which 

in their turn supplied sedimentary material to the trough . 



Thus rewashed Waitotaran sediments cont ributed to the 

Nukumaruan, and both Waitotaran and Nukumaruan sedi

ments are represented in the Ca stlecliffian. Even 

within the Castlecliffian, sediments deposited early 

on were uplifted and served as a source of material 

laid down in later beds. 

28 

Saunders and Anderson (1964) describe the climate 

as gradually deteri or a ting throughout the \\lai totaran, 

and apart from a tempor a ry onset of warm conditions in 

the early Nukuma rua n, cool climates c on tinued to prevail 

until the Upper Castlecliffian. It must be recalled at 

this point that the temperatures in the Mi oc e ne had 

r eached tropical conditions, so that a 11 deteri cration 11 

from these temperatures might not have made the climate 

any cocler than in the ~resent day. Thus it can be 

sugg ested that the climate in the Castlecliffian was 

simila r t 0 what it is at present. Th is is also backed 

up by work done by Finlay a nd Marwick, (1940), Fleming 

(1949), Couper and McQueen (1954), Te Funga (1957) and 

(1962). Kingma (1960a) mentions indications of the sea 

withdrawing fr 0m time t c time causing l a nd c 0nditions t o 

alternate with those o f s ha llow sea s. 

Alsc , during t h0 l a te Pli c cene and early Pleisto

cene there was a successi o n o f glacial and interglacial 

periods. During the glacial periods there was a fall in 

sealevel a nd much of the sea floor around the Manawatu-

Wellington coastline was exposed to wind erosion. Fine 

sediment was blown inland a t this time as loess and the 

land was subjected to a frost climate. In the inter-

glacials the sealevels rose again, and where the r ocks were 

soft, the sea was able t o cut broad terraces and marine 

deposits were left at higher positions than during the 

glacial periods~ Four main glaciations in the Pleisto

cene are indicated by the alternation of warm and cool 

fossil faunas fcund in these younger marine sedimentary 

rocks. 
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Ma rine s e diment a ti on c ontinued from the Castle

cliffian into the Hawera times without a break in s ome 

area s, t hough n ot over t he st u dy a r ea . Thus t h e idea 

tha t a l o ng p erio d o f time e l arsed between the deposi

tion of t he y oung est Castlecliffian beds and the o ldest 

Ha wera stra t a , is no longer t ena ble . Also the supposed 

climax o f the Ka ikoura Or ogenic movements in this a nd 

o t he r districts c a n n o l onger be r egarded a s h a ving t a ken 

~ lace in the int e rva l between th e Ca stlecliffia n a nd 

Hawe r a times. The a lt er na tive sugg estion is t ha t these 

mov eme nts c ommenced at t h e time o f de position o f the 

c oarse c onglomera tes o f Upper Castlecliff i a n a ge a nd 

ha ve c ontinued int ermitt ~ntly until t h e present day ( Te 

P unga 1954 ) . 

During Hawera times during t h e a lt erna ti ons of 

c o l d g l a cia l and wa r m i nt erg l ac i a l climates wit h t h eir 

a cc ompany i ng low and h i gh sea lev e ls, t here wa s loca l 

f o ldi ng and gener a l upl i f t. The f olding of t he beds 

o f t h e Hawera Series i n t 0 youthful an ticlin es f o llowing 

a slight ~a use i n tect onic a ctiv ity, marks a very lat e 

phase o f ea rth mo vemen t i n t h is district. Terra ce 

c ountry wa s cut d uring t i te mari n e tra nsgres s ions and 

t hen dissected d uring t h e f o llowi n g marine withdra wals. 

As we ll as t h e t e cto nic a ctivity a nd gla cial 

actio n in t h e Ca stleclif f i an , v o lcan ic a ction wa s a lso 

import a ntG Fleming (1949) records the great ignimbrite 

erup tions o f the Ta upo a nd Bay of Plenty a rea a s dating 

fr om the Ca stlecliffia n. Te Punga (1954) re ports " three 

stupendo u s explosiv e eru~ti ons o f r hy oli t e from the vol

c an ic districts " in t h e Ca stleclif f i a n marine sediments 

in the Rangitikei district. These were the Pakihikura 

Pumice, the Po taka Pumice and the Rangitawa Pumice. 

He suggests that each o f these maj or eruptions was closely 

associated with the production of an ignimbrite sheet in 

th e centra l v olcanic district. These materials of 

volcanic origin are of especial importance as stratigraph

ical a nd chronological markers. 
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In the Superior Oil Com~any's report (1943) the 

Castlecliffian Stage a t Wa0ganui is se~arated from the 

Nukumaruan at the prominent a sh bed which they desi gnated 

the basal Castlecliffian ash . Saunders and Anderson 

(1964) c a ll this ash horizon at t he base of the Castle-

cliffian , the Pakihikura Pumice in t h e Manawatu area. 

Fleming (1953) calls the basa l Cast lecliffian pumice bed 

the Makirikiri Tuff. The Paki hikur a Pumice, is thus the 

lowest ash in the Makirikiri Tuff formation. 

The tuffacecus fossilif er ous sands in the Pchangina 

district ref~rred t u as Puhangina Pumice Sand in the 

Lexique Stratigraphique Internntiunal, (Fleming, 1959) 

were corr e l a ted by Park (1887) with the similar pumice beds 

at Kaimatira ( on the Wnnganu i Ri~er ) and Okehu ( on the 

coast ) in the Wanganu i district. Reworked pumice sands 

and pumi ce blocks occur thrcughout the sequence in Cullings 

gullies and in Finis Road. The c ons~icuous ash bed at 

the t o~ is referred t o as t he Kimbolton Ash Be d by Greenall 

~ a l ( 1951) where it outcr c:rs along Finnis Road. Saunders 

and Anderson (1964) refer t o this pumice a s the Potaka 

Pumice. 

Seward, ( 1973 pers. c omm . ) dates t he Potaka pumice 
+ at o. 61 - 0.07 million years and suggests tha t t he Finnis 

Road ash is possibly th e equivalen t cf t hi s. The Makirikiri 

Tuff she states a s being ma de up o f detritus from a t least 

three majo r v o lcanic eruptions and gives ages from the 

Rangitikei section wher e t he se ashes are distinct and 

obvious, as; 1.09 ~ 0.14 million years, and a ppr oximately 

0.96 and o.88 million years f or the ur r er two. There are 

also other ash hurizons both above and below the Potaka 

Pumice which date at approximately 0.57 and 0.74 million 

years. 

Towards the end of the Castlecliffian time, andesitic 

volcanoes a lso contributed material to the Wanganui Basin. 

By the end of the Castlecliffian the seabed had 

withdrawn over the greater part of the Wanganui Basin as 

earth movements continued. Locally; as in the Rangitikei 



River Valley, river gravels were deposited without a 

break on the soft Castlecliffian sediments, but over 

much o f the area there was, as previously mentioned, 

a break in t he sedimentation and a peri od of erosion. 

In some c f the sections , studies of t he faunal 

c ommunities have proved useful, e.g. the section a t 

Castlecliff, ( Finlay and Marwick, 1940 ) and in the 

Rangitikei Valley, ( Te Punga, 1952 ). 

31 

However, the only intact fossil shells found in 

the sections in Culling's gullies, were those of the 

bivalve Pavhi es ( Mesod esma) pliocenica (Oliver) as 

identified by Fleming, ( pers. comm. 1973 ). 

2.4.3. 

The type formation of the Castlecliffian Stage is 

t aken to be the Tainui Shellbed at Castlecliff, near 

Wanganui. ( See Appendix II Stratigr aphic Table of the 

Castlecliffian S t age .) 

This ~abl e c f the differ ent f o rma ti ons in the 

Castleclif fian Stage ref ers t o the out crops of Castle

cliffian r ocks in the Wanganui district and was used as 

a guide to t he formations likely to be found in the 

Pohangina district in the Culling's g ullies sect~ons. 

Fleming (1947) and (1953) gives detailed accounts 

of the sections and subdivisions of the Castlecliffian 

Stage and its stratigraphy as it occurs in the Wanganui 

district. He divides t he f orm a tions of the Pukitean a nd 

Okehuan substages into three groups; the Okehu, Kaiiwi, 

and Shakespeare, with the boundary of the Putikian and 

Okehua n Substages occurring below the Kupe formation of 

the Kaiiwi Group. 

It is the basal formation of the Kaiiwi Group that 

we are most interested in with regards to the section in 

Culling's gullies. This is the Kaimatira Pumice Sand~ 
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which was correlated by Park (1887) with the Pohangina 

Pumice Sand of the study area. 

On t he Wanganu i Coas t t h is f ormat ion is 15 m thick 

an d consists of barren a lternating tuff sands and silts, 

then coarse crossbedded s and s and pumice gravels with 

sca ttered mo llusca , then shell grit with a bundant mollusca. 

In the Whangaehu Valley the formation consists of 42 m 

of fin& irregularly interbedded tuff sand and silt. 

Rusty pumice gravel and s ands, locally fossiliferous, 

are interbedded with silts or lie at their base. Pebbles 

of rhy olitic pumice , vesicular rhyolite, ignimbrite, 

quartzite greywa cke and andesite occur in the conglomeratic 

members of the Kaimatira Pumice . The upper limit of the 

formation is established by t he occurence of the Lower 

Kaiiwi Blue Siltstone, ( Fleming , 1953 \ 

The crossbedded pebbly s ands and molluscan faunas 

indicate deposition in sha llow water. This occurred 

a fter an er osion interva l. Abundant rhyolitic pumice 

and tuff brought down from the Taupe area by the rivers 

then built out a marine an d estuarine delta of tuffaceous 

sediment on the subsiding Wanganui Basin. Subsidence 

then r apidly ca rried the Kaimatira Pumic e Sand below 

wavebase an d a llowed depos iti on of the Lower Kaiiwi Silt

stone in the mud zone without much interference from 

bottom currents. Thus the form a ti on directly on to p of 

the Kaimatira Pumice is light blue-grey fine-grained 

micaceous massive siltstone and fine muddy sandstone con

taining scattered fossil mollusca. 

General observations were made of the section ex

posed in Culling's gully, Number 1. Much of the sequence 

was highly pumiceous. Rounded pumice pebbles up to 10 cm 

diameter were found in very c oarse pumi ceous sand. 

Large c onvolute laminations were common in the pumiceous 

and tuffaceous sand. Cross bedding was also c ommon . 

In other places alternating sands and silts were enrich

ed wit h iron , and breccia set in coarse pumiceous sand 

and gravel a pf earedG Examples were also seen of very 
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glassy rhyolitic sand and buried soils ( Plate 2.7 ). 

West of t h e anticline a xis the section is estimated to be 

about ?o m thick; east of the a xis, over 100 m thick. 

The section wa s measured westwa rd from the a xis 

of the an ticline up to the wa terfa ll knickpo int, a nd e a st

wa rds from the an ticline axi s, by Seward ( pers . comm. 19?3 ), 

see Appendix III, and Figure 2.3, Stra tigraphic Column. 

It c a n be noted at this poin t, tha t where bands 

of siltstone occur, these lend greater sta bility to the 

stra t a a ga inst erosion. As observed a t the waterfalls at 

the knick po ints and a t t he sma ller wa terfa lls over which 

the tributaries flow into t he main gullies , it is a lwa ys 

the more resist a nt siltstone t ha t is holding t h ese up a nd 

~reventing furt h er headward gully movement. The uncon-

solida ted pumiceous s a nd ' w wever, is extremely mobile a nd 

once expos ed is highly erodible. 

2. 4.4. Deve l opmen t of Topogrqphy an d Structure 

A look a t the evolu tio n of the physi ogr aphy of 

t he study a rea helps explain its extremely youthful topo

gra~hy . As seen i n the previous section, t h e area is a 

small part o f the South East margin of t he Wanganui ba sin 

that extended northwards from the Manawa tu Gorge a long the 

western side of the Ruahine Range up to the volcan ic Pl a tea u 

and out to the coast. The "sag" in t h e Ruahine hors t at 

the Manawatu Gorge was originally a strait connecting the 

Pliocene a nd Pleistocene sea of the West a nd East Coast 

ba sins. 

The main elements of the structure as outlined ,. 
by Greena ll ~al (1951), a re the Pohangina Fault which 

strikes parallel to and just east of t he Pohangina River 

downstream from its junction with Coal Creek; the Pohangina 

syncline which lies immediately to the west of the Pohangina 

Fault; a nd the Pohangina a nticline which is parallel to 

the syncline and the a xis of which lies just east of Ridge 

Road. The western side of the syncline merges into the 
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eastern wing of the anticline. The axis of the anticline 

lies between Ridge Road and Beehive Creek and passes to the 

west of the Pohangina township through the study c a tchments 

and then plunges at a low angle to the south. 

On the western side of the anticline, the tribu

taries draining into the Oroua River are less deeply incised 

than the streams on the shorter eastern flank due to its 

strongly assymetrical nature. The tributaries on the west-

ern side have a considerably longer distance over which to 

lose t he height produced by the uplift, down to the base 

level of the Oroua River. Beds of this western flank dip 

gently to t h e W.N.W. a t 2 - 4°, while beds of the steeper 

eastern flank dip east at 6° near the northern end of the 

fold in the vicinity of Culling's gullies. ( Te Punga, 

19540) 

The Pohangina anticline a nd syncline were formed 

in the Uppe r Terti a ry when the Kaikoura Orogeny resulted in 

the slig ht emergence of the a rea flanking the Ruahine Range. 

Fluctua ting fluviatile and terrestria l cond itions followed 

in the Lower Pleistocene, with t he deposition of basal gravels 

a nd clays over the Tertiary 6Lra ta. This wa s followed by 

regiona l tilting to the south west and the establishment of 

a consequent drainage system on the tilted surface. Rem-

na nts of the mature topography tha t develo ped on this surface 

only slightly above ba se level of the dra inage are left as 

the crests arid ridges above the rejuvenated slopes. 

( Greenall !:.!, al, 1951.) 

Regional uplift with the rejuvenation of streams 

and the formation of terraces with differing degrees of ad

justment to the new base level by the tributaries followed 

in the Upper Pl f istocene. As observed by Miller (1966), 

the attainment of maturity is reached earlier in a larger 

valley or main stream, than in a small valley or tributar-

ies. Thus in recent times there has been adjustment of 

the streams to a new base level, with the rapid downcutt

ing of tributaries through terraces and mature topography. 

Where the rejuvenation extends some distance up the tribu

taries, it ends in a distinct knick. For example, the 
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side branches in Number 2 Ca tc hmen t that terminate in water

f al l s when joining t he ma i n gully have not undergone the re

juvenation tha t the tributa ries in Number 1 g ully have ex

perienced. 

Thus t he extremely youthful to pogr a phy is a re

sult of rejuvenation of the otherwise maturely dissected 

an ticline of roun ded to po gr aphy a nd once mature dra inag e 

pa ttern . All the tri butaries joining t he Poha ngina River 

a nd Coa l Creek further nort h a long the ant i cl ine have be

come deeply incised an d tend t o end in steep va lley heads 

or i n a series of waterfa llso 

The development of this two cycle topogr aphy 

has a l so been a ided by t h e tectonic movement which is still 

a ctive over the anticline. According to Te P unga (1954), 
it c an be a ssumed t ha t t h e folding of the Pohang i na an ti

cli ne began over 20 , 000 yea rs ago and tha t there ha s been 

an a verag e uplift of a b out 1 m per 120 years. 

Howev er , this downcut ti ng of t he v a lleys an d re

juvena tio n which is still i n pro gres s , proceeded in l a te 

geolog ic time wit h the l and covered in dense bush under t he 

current clima tic regime. The gr a dients and slopes tha t 

esta blished did so in rela tio n to t hese preva iling phyGical 

conditio ns ~nd tended towa rds a h igh de gre e o f sta bility. 

Wher e t he se conditions ha ve persisted, so ha s the va lley 

floor stability, i.e. most of t he a rea until the original 

bush cover was removed. The rea dily erodible substrata 

soon undergoes rapid development of waterfalls and gullying 

as soon a s any of the orig ina l physical f a ctors are dis

turbed, resulting in a seconda ry rea djustment of gradients . 

This downcutting to the new base level is still active . 

In cases where there has been less degrade in 

geologic time, but later removal of the vegetative cover 

accompanied with increased runoff, very rapid and severe 

degra de of the valley floors has resulted. 

The terra ce remnants on the tops between the 

two gully systems represent the former height of the rivers 

and were produced by elevation of the area above base level 
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to its present height. The presence of a broad high 

level terrace may help account for the lack of adjustment 

to base level of some of the tributaries in the area . 

This is bec a use the gravel and a lluvium tread of the terr

a ce is rela tively resistant to erosion compa red with the 

unconsolidated s a ndstone of the underlying stra ta. Once 

the streams cut through this veneer, downcutting proceeds 

exceedingly rapidly. Thus the surfa ces of the terra ces 

have be en well dissected and the terrace gravels well 

weathered. 

The valley plain terra ce that the strea m flows 

over i n to the Poha ngin& River has been correlated with 

Pleistocene fluctua tions of clima te an d sealevel. 

* * * * • • ~: * * * * 
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2.5 SOILS 

2.5.1 Genera l 

Continuous automatically recorded soil moisture 

data was not obtained becaus e of l a ck of personnel for 

daily observations and lack of the necessary equipment. 

Thus there wa s no way of rela ti ng soil moisture variati ~ ns 

with rainfall an d str eamflow var ia tions. Several soil 

profile pits were dug and described, but apart from this, 

the only information on the soils of the study area is 

qualitative, not q uan titative. 

The soils t ha t cover the st udy catchments are 

mainly Po hangina Steepland Soils over much of the area. 

On t he e a sier country on the tops between the two gullies 

the soil is Raumai Sandy Loam with Raumai Hill Soils in the 

south-west corner. The small remnants of terraces are 

covered with Ohakea Silt Loam ( Figure 2.4 ). 

All the soils are formed from t he s a me parent 

material. Thus the differences between t h em are basically 

due to differ ences in slope , vegeta tion and microclimate. 

These soils are a ll i ncluded in the Yellow-Gr ey 

Earths, ( Saunders a nd Anderson, 1964 ) and are o f medium 

natura l fertility except the Pohanginn Steepland soils 

which are o f medium t o low fertility ( Manawatu Catchment 

Board Files ). 

The Pohangina soils ar e classified under "Y e llow

Grey Eartha - Intergrades to Central Yellow-Brown Earths, 

Related Steepland Soils ," in the New Zealand Soil Bureau 

Bulletin Number 26 (1968). Soil Bureau Bulletin NumbeJ 5 
(1954) includes the Pohangina Sandy Loam under the heading 

of "Skeletal Soils of the Steep Hillsides". 

Thus, because the majority of the soils over the 

two catchments are officially classified as Steepland 

Soils, they should be recognized as such. Ross (1971) 
quotes a number of studies dealing with Steepland Soils, 

that have demonstrated the erosive nature and inherent 



FIGURE 2.4 DISTRIBUTION OF SOILS OVER THE STUDY AREA 
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instability of this group. The need for h& lting such 

practices as remova l of protective vegetation by burning 

and grazing has frequently been stressed , and retirement 

from farming has often been a dvocated . The New Zealand 

Soil Bureau Bulletin Number 26 (1968) describes the 

s o ils of hilly and steep l ands as having a severe to 

very severe s oil limitati on t o pastor a l use and suggests 

tha t the r apidly erodible soils in t h is ca tegory such as 

the Pohangina soils, a re unsuitable f or pas toral use. 

Description of the So ils o f the Studx 

Area. -
(1) Ohakea Silt Loam 

This soil is formed on the terra ces and 

has a slightly compact s ubso il wit h terrace gravels 

within a short dist anc E: of the surface, often 

less t han 1.0 m. Accordi ng t o Saunders and 

Anderson (1964) t hese soils ori g i na lly carried a 

light cover of scrub as they were too dry for 

forest growth . This soil occurs on the on ly 

part of the study a r ea tha t would be cultiva teable , 

( were access f easible ) 1 an d is more fertile and 

fri a ble than the o ther soils described. 

The a r ea o f Ohakea Silt Loam is neglig 

ible in t he study area , ( in the order of 4 ha ) 

but important in the surrounding parts o f the 

County. 

(2) Raumai Sandy Loam 

This is the r o lling member of the Raumai 

Soils with a typical slope r ang e of 6 - 12°. 

Two profile pits were dug in this soil and are 

shown in Figures 2.5 and 2.6. For the detailed 

descriptions of the profiles , see Appendix IV (1) 

and (2). Plates 2.8 and 2.9 picture the two 

profile pits; Plate 2.10 shows the rolling nature 

of the surrounding country. 
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FIGURE 2.5 RAUMAI SANDY LOAM 

MAIN FEATURES: 

Profile No. 1 

short grazed pasture 

pale brown silt loam 

weak ly developed cru mb structu re 

numerous roots 

18 cm indistinct wavy boundary 

light yellowish -brown loamy f in• sand INCIPIENT FRAGIPAN 
very weakly developed blocky structure 
many roots 

30 cm indistinct bou ndary 

moist, loose, y ellow, very f ine sa nd 

a few I iving roots 

old bush roots 

48 cm 

a few roots at top of horizon 

pal e yellow , loose f ine sand 

Castlec liffian Sand 

77 cm 

Pumice band 

88 cm 

(1) Unconsolidated loose parent material. 

(2) Influence of original bush cover. 

(3) Yellow-Brown Earth/Yellow-Grey Earth lntergrade 

with incipient Y.G.E. fragipan forming in 81 hori zon. 
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FIGURE 2.6 RAUMI SANDY LOAM 

Profile No. 2 

pasture 

dark grey-brown silt loam 

moderately developed medium nutty and fine crumb structure 

numerous plant roots 

19 cm indistinct boundary 

olive brown very fine sandy loam a few weathering sandstone fragments 

moderately developed medium nutty structure 
many plant roots 

- 31 cm indistinct boundary 

light olive brown fine sandy loam 

very weakly developed crumb structure 

• old bu sh roots 

a few nodules and some mottling 

49 cm indistinct boundary 

l ight yellowish brown fine loamy sand 

very weakly developed fine nutty structure, almost structureless 

81 cm indistinct boundary 

structureless, single grained 

Castled iffian Sand 

This profile has developed to a greater extent than the No. 1 profile. 



FI.ATE 2.8 

Ra.wnai_ Sandy Lo<dn Profile N1unucr 1 

PLATE 2. 9 

Raumai Sandy Loam Profile Number 2 



PLA'fE 2.10 

Rolling Area of Tiawnai_ Sandy Loam Soil s wj th Terrace s of 0'.1<tkca Silt 

Loam in tbe Backgr ound and Infestuti_u n of TbisLles in Drier Areas 

PLATE 2 .11 

Colon ization of Steep 

(;ully Fac e by Lupins 



Thus the soil is moderately well drained with 

relatively little erosion because of its rolling nature. 

The profiles dug in this soil varied, but had a weakly to 

moderately developed structure with 18 cm of dark grey 

brown light silt loam over 30 cm of o live brown fine sandy 

loam grading down to light yellowish brown loamy sand over

lying the structureless single grained parent material. 

Unpublished informa tion on the Raumai Soils ( Rijkes, 

in press ) described the Raumai Sandy Loam as weakly leach

ed and wea kly acid; low to very l ow in eitric soluble 

phosphorus; medium carbon to a de pth of 30 cm; medium 

exc hangeable calcium in the t ops o il dropping to low values 

in the subsoil; medium exchangeable magnesium in t h e top

soil; a nd high potassium in the topsoil due t o topdressing. 

The soil was described as h&ving a weakly developed soil 

structure with 15 cm of brown fri a ble sandy loam merging in 

13 cm o f greyish brown firm fine s an dy loa m. This over-

lies o live brown c ompact loamy sand with ora~ge brown 

mottlings. It is add ed t ha t the weakly develope d tops oil 

structure breaks d own easily and wind erosion may become a 

hazard. 

However, in the study area under good grazing manage

ment keeping an intact vegetative cover, this soil type is 

not particularly p rone t o erosion due to its rolling rather 

than steep nature. 

(3) Raumai Sandy Loam (hilly) 

This is the Hill Se ils member of the Raumai 

Soils, with a typical slope range of 13 - 23°, i.e. 

Moderately steep, according to the classification of 

Taylor and Pohlen (1970). 

Like all the Raumai soils, it was developed 

beneath podocarp-broadleaf forest under 890 - 1140 mm 

of rain per annum . Greenall ~ !:.1 (1951) report 

orange mottling and compaction. 

As this was not one of the two main soils in the study 
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area, deta il e d profil e descri ptions will not be given. 

However, th e following i n for mati on wa s availa ble, ( Ri j kes, 

in press ) • 

Rauma i hill soils ar e w0akl y l each ed, but ba s e s a tura -

tion rises t o medium va lue s i n the l ower s ub s oil. A h i gh 

Truog fi gure o f t h e t ops oil s a mpli ng site is t he result of 

recent t opdre s sing . Gen era lly t h ese soils a re l ow in 

ph osrho r u s an d low phospha te ret entio n v a lues i ndic a te g ood 

res pon s e t o ph os p ha te to pdr essi ng . 

Exc hang ea ble c a lcium and maenes i um a r e medium i n t h e 

upper horizons but f a ll t o low and v e r y low va lue s in the 

lower sub soil. Excha ngea ble po t ass ium is l ow an d low re-

serve po t a ssium va lues i nu icat e t ha t t h e s o il is like ly to 

res pond t o po t a sh applic a ti on s . 

The s o ~l pr o files a re d e s c rib e d a s va ria ble , de pend

ing on whe t he r t he site is s t ab l e or wh ether slip s ha v e 

occurred . I n t h e p l a ces where s lips have o cc urred, t he 

s oil pr ofi les con s i st o f 5 c m of o liv e b rown fria ble sandy 

loam wit h s ome slight mot tli ng , ov erlyi n~ 13 cm o f oliv e 

brown fir m l oamy sand wit h ma ny mot tles over pa l e browni s h 

grey hard s and wi t h abundan t mott ling . 

I n a s t a ble site 18 cm of dark gr eyish brown fr iab le 

s andy l oam overlies 38 c m o f olive br own fria ble s andy 

l oam. At appr oxima tely 60 c m de p t h t h i s c hanee s t o pa le 

olive fir m l oamy s and wi t h many or ange b rown mott les. 

Soil structur e s ar e wea kly dev e lo p e d i n t opso ils and u pper 

subsoils, a nd lower subsoils a r e structureless. 

The s o ils are modera tely well dra i ned except on lower 

parts o f slop es where cla y mov e ment from hi gher situa ted 

areas g ives heavier subs oil text ureso Such a r ea s a re 

infested wi t h rushe s a nd other wa t er toleran t p l a nts. 

The Rauma i Hill soils a r e cla ssed a s "weakly lea ched 

intergra de Ye llow-Brown Earths-Y e llow-Gr ey Earths from 

loose sandstone". 

Thus by virtue of their grea ter slope, t h ese hill 

soils of the Ra uma i soils tend to b e mor e prone to 8rosion 



and in need of more intensive conservation measures. 

(4) PohangiE_-~ Steepland Soils (Pohangina 

Loamy Sand) 

These are the soils that occur most 

extensively over the study area . They are 

the steepland scils associated with the Raumai 

Soils . Parent ma terial is of course similar, 

and the typical slope r ange ste eper; i.e. 

cla ssified as '' S teep an d very steep", over 31°. 

Ta ble III shows the c omparative range of slopes 

in each slope group o f t he three different s oils. 
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TABLE III. SLOPE GROUP TABLE (Fr om Gr eenall et a l 1951) 

Soil Type Ty p ica l 
Slope 
Ran~e : A B : c : D : E 

Rauma i Rolling 0 - 1 n° 11-15° 16-20° 21-27° 

Sandy Loam 6 - 12° 

Raumai Moderate - 12-16° 17-23° 24-30° 31°+ 
Sandy Loam ly Ste e5 
(hilly) 13 - 23 

Pohangina Steep 15-21 ° 22-28° 29°+ 
Sandy Loam and v e ry 

steep 
31° over 

The Pohangina soils originally carried Black Beech 

forest, but are now extremely susce~tible to slipping and 

gullying where they have not been retired from f arming , 

or successfully planted in Pinus radiata. Because of 
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the erosion, the soil profiles would be expected to be 

very variable . Differences in aspect and slope will 

also crea te differences in the resulting soil profile. 

The dri er sites are generally more mottled with more of 

the Yellow-Grey Earth fe a tures - i.e. incipient fragipan 

in the subsoil and greyer colours. 

The two profi le pi ts dug in this soil are shown 

in Figures 2. 7 and 208 and on P l a tes 2.12 and 2.13. A 

detailed descri p tion o f the profiles is given in Append

ix IV, (3) and (4). 

There is a c onsider ab le difference between the 

two prof iles, as c ould be ex~ected, considering t he first 

is under pasture and the second under a reverting pasture 

cover o f manuka, bracken fern and weeds. The profile 

under pas ture exhibited 11 cm o f friable fine sandy loam, 

over 30 cm o f firm c ompacted light o live brown light 

sandy clay loam - i.e. an incipi en t fragipan, over 20 cm 

of yellow friable s andy loam, overlying the loose structure

less very fine sand parent material. 

The t opso il of the pro file under the reverting 

pasture was a dark brown silt l oam with very weakly devel

oped structure, over fine sandy loam, overlying the 

structureless very fine sand. 

Glass (1957) described the Pohangina loamy sand as 

consisting of 2 - 13 cm o f a light brown loamy sand on 

greyish yellow sand. He mentioned its tendency to revert 

to manuka in the absence of phosphate dressings. 

Further information was available from Rijkes, (in 

press) which described the Pohangina steepland soils as 

moderately leached, moderately acid in the topsoils and 

weakly acid in the subsoilso They are generally low in 

organic matter, with low phosphorus levels. C.E.C. is 

medium in the to p 5 cm (organic matter) but low in the 

subsoil. Calcium is low and magnesium is medium in the 

A horizon but drops to low and very low values in the 

subsoil. Soil fertility is reported as especially low 



FIGURE 

A 
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2.7 POHANGINA STEEPLAND SOIL 

pasture 

dark brown friable fine sandy loam 

moderately developed crumb structure 
numerou s roots old bush roots 
11 cm distinct boundary 

light olive brown light sandy clay loam 

very weakly developed blocky st ructure 

remains of old bush roots 

fain t yellow mottles 

41 cm indistinct bou ndary 

yellow sa ndy loam 

very weakly developed blocky sturcture 

some living roots 

62 cm indistinct boundary 

light yellowish brown 

Profile No. 1 

firm, almost compacted into a fragipan 

free draining, loose, structureless very fine sand 
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FIGURE 2.8 POHANGINA STEEPLAND SOIL 
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Profile No. 2 

revert ing pasture cover - manuka, bracken fern and weeds 
dark brown silt loam 

weakly developed crumb structure 
bracken rhizomes 
10 cm very dist inct, irr egular boundary 
fi ne sandy I oam 
very weakly developed medium nutty st ructure ;ery compact incipient fragipan 
numerous brownish ye l low mottles on olive background 
old bush roots 

22 cm indistinct 

fine sandy loam, pa le o l ive 

very weakly developed blocky stu rcture 

a very few faint yellow mottles 
40 cm very d istinct change in texture and consistency 

pale olive 

loose structureless very fine sand 

very few roots 

80 cm -roots to this depth 

100 cm 



PLATE '.2 . 1.'3 

Pohangina Si.cepland So i l 

P1·of i. c N umbc r 

2 

PLATE 2.12 

Pohangina Steepland Soil 

Profile Nwn'ler 

1 
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o n t he s pur s a nd ridg es wh e r e t he f o r mer vegeta ti o n wa s 

Bl a ck Bee c h . Po t a ssium va lue s i nd ica t e t ha t t he se 

s o i l s a r e po t entia lly n o t p o t a s si um de f ic ien t . 

Sa unders a nd An d e r s e n (1964) re por t h i gh c urry 

i ng c apaciti es be i ng a c h ieve d on these s o ils wit h hea vy 

~ho s pha t e t opdress i n g and c l ose sub di v i s i on , a nd rea lise 

t h a t i n tens iv e s oil ccnserva ti on mea s ur es will b e nec ess 

a r y t o r r ev en t i ncr eased e r os i o n i f t hese so i l s conti n ue 

t o b e f a r med . 

Thus , the Fohang i na St ee f l a nd s oils a re ext remely 

s t ee p , extr eme l y pr one t o er o s i on , a nd r eq uire c a r e f u l 

pasto r a l ma na gemen t if n o t r e tir emen t f r om f a r mi ng , 

a llowi n p r egener a ti on of the ori g i na l vegeta ti o n a n d 

sc r ub , i f t he oc curre nc e o f sli ps a n d gu llying is to 

b e de cr ea sed . 
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2.6 VEGETATION 

The study catchments were originally covered in 

Black Beech forest on the crests of ridges and spurs and 

other generally less fertile areas , and in Podocarp-Broad

leaf forest on the more fertile less steep exposed portions. 

In between , the Beech forest tended to be invaded by the 

Podocarps and other mixed forest species . 

Black Beech , was thus the major canopy tree 

over much of the area and small remoents still exist. 

This canopy was one tha t a llowed a considerable amount of 

light penetration; therefore the associated species were 

usually light demanding and drought resistan t. Associat 

ed species included : mingi -mingis, kohuhu, mapou, lance

wood, kowhai, Coprosma spp., and Helichrysum sp ., plus 

epiphytes. 

In the Podocarp mixed forest, northern rata, podo

carps, especia lly rimu - an d trees such as rewarewa and 

pukatea, made up the canopy. The subcanopy included 

species such as tawa, hina u, the maires and titoki. Many 

epiphytes including climbing r a tas, were carried on the 

larger trees. Smaller sha de tolerant trees and shrubs 

were present beneath the canopy, along with plentiful 

lianes, especially supplejack, (Wright 1968) . 

This bush cover was cleared at the turn of the 

century, except for the less accessible gully sides and 

very steep slopes , a nd pasture species sown after burning . 

The story from here is similar to that on much of New 

Zealand ' s poorer hill country following forest removal 

and burning , see Levy (1949) . 

The seed mixtures varied, but generally contained 

ryegrass, crested dogstail, browntop, cocksfoot, danthonia 

and white clover of uncertain purity and quality . This 

bush-burn mixture thrived well initially, due to the high 

fertility of the forest litter and ash. However , the 

pastures r apidly deteriorated and opened up under a system 



of l a x gra zing a ccompa nied by lea c h ing a nd l ack of replenish-

ment of t he soil nutrient s . This effect has been re-enacted 

by Miller a n d F itzPa trick ( 1959) a t Ta ita , where i mm edia tely 

a fter bur ning , pH and p l an t nutri en t leve ls were extr em ely 

h i gh , b u t f e ll o ff r a p idly , lea di ng to r a pid deteriora tion 

of t he pa s tur e . 

As s o on a s t he pa stur e s bega n t o open up , t h e l a n d 

bega n t o rev er t to s cr ub a n d bra c ken . Thus when t h e prop erty 

wa s t a ken over t he l a t e Mr. R. J . Culling , ( Mr . J. Culling 's 

f a t her ) fif t y yea r s a go , it was cover e d mos tly i n b r a cken 

f e r n . 

I wproved ma n ag e ment , topdr e s s i ng and ov er sowi ng 

wit h wh i te clover ha s now l e d to a r ela t iv e l y high producing 

i mpr oved pa s tur e o n t h e a r e a s of Ra uma i Sa n dy Loam . Poor e r 

hil l country pa s t u r e r ev ertin g t o ma nuka an d bra c ken f ern is 

pr esent on the Po ha ng i na St e ep l and so i ls and na t iv e bus h a s 

we l l as scrub is r egener a t i ng i n t h e g ul li es an d s t e eper 

va l ley s id es~ 

Regen e r a ti ng na tive bush species an d ori g i na l 

r emnants in clude r a n gior a - h i na u , ~pr -ism a ~·· wineber ry , 

kawa ka wa , ma ho e , five f i ng er, r ewa rewa , ha n g ehange a nd 

other Neo pa na x ~· Tr ee fer ns a r e a l s o common . 

Sma l l c l umps of ma c r oc a r pa s an d p i ne s wer e e s t a blis h -

e d on t h e gully s ides by the l a t e Mr. R. J . Cull i ng . 

n umber o f willows a n d pop l a rs wer e a l so p l a nted. 

A s ma l l 

Mo r e r e cen t ly , ( fr om 1969) , a l a r ge numb er of pop 

l a r s a nd s ome wi l lows ha v e been p l a n t ed in the gully s ys t ems 

a s s o il con s erv a tion mea1ures. 

Other exotic spec ies tha t a r e a lso c ontri but i ng to 

gully s t a b ility , a r e Aca cia ~··tree lucerne , a nd t he ordina ry 

yellow lup i n . Pla tes 2 . 11 and 2 . 14 illustra te t h e coloniza 

tion of a vertica l g u l ly wa ll by l up i n s , a nd young popla r 

poles pla nted a t t h e recedi ng hea d of a side gully , off the 

ma i n Number 1 gully. Th e a eria l p hotos ( bla ck an d whites 

a n d infra reds furthe r s erve to illustra te the differences 



PLATE 2.14 

You ng Popl a r Pole s Plant ed at t hC' Rec(·<li n g; Head of a Tributary 

of Nu:nl.J e r 1 Gnlly , ·10+.e the Fcl] cd Mr...nuka 

PLATE 2 .15 

Stock Water Dam wj th Ru sh Growt.h and Improved Pasture in the Foreground 



in vegetation over the two catchments, ( See Chapter 5 where 

a detailed comparison of the two g ully systems is made ). 

On the damper, often con cave slopes and southerly 

aspects, the pasture is of t en infested with rushes, while on 

the drier area s, usun lly ridges and spurs, convex slopes and 

northerly aspects, thistle infesta tion is common. 

of these a re shown in Plates 2.15 and 2.10. 

Examples 

The task of keeping this country clothed with an 

adequate vegetative cover is of course complicated by the 

highly erosive nature of the substrata once exposed. As 

quoted by Greenall a nd Hamilton (1954), generally the taller, 

more dense a nd deeper rooted the vegeta tion, the greater the 

protection aga inst erosion. 

It is obvious that the ori g ina l condition that was 

previously sta ble under bush is now unsta ble under pasture. 

Greena ll ~ ~ (1951) in the Pohangina Survey indic a te that 

close grazed pa sture is less stable t ha n lax grazed pasture 

which is not a s stable as rough gra ss. In order of increa s-

ing stability we ca n list bare ground, poor pasture, good 

pasture, pasture a nd tree8, scrub, bush. 

a ffected in this order. 

Runoff is also 

The effects of cha nging the original bush cover to 

the present pasture and reverting pasture can be summarized 

as follows. 

Repla cement of t h e forest by pasture has resulted 

in a loss of rainfall interception by the foliage, meaning 

that a greater percentage of the rainfall comes into direct 

contact with the soil, leading to increased erosive losses. 

It is well documented th~t even when the soil is covered in 

scrub, the interception rate is considP-rably greater than 

that of pasture- e.g. work carried out at Taita by Aldridge 

and Jackson (1968) showed that over a 10 month period inter

ception loss under a stand of manuka amounted to 39 percent 

of the gross rainfall. Here then is good reason for per-

mitting the steeper slopes to revert completely to a manuka 

cover to decrease the erosive power of the rainfall. 
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Greenall ~ ~ (1951) describe the value of manuka 

as a soil binding plant as a subject of considerable con

troversy and make the following conclusions. 

(1) Where a gully is actively degra ding by wa ter

fall a ction or where l ateral slipping due to 

undercutting occurs, it is of little value. 

(2) In gullies as yet not actively eroding its 

value is probably co ns iderable in as much as 

it tends to decrea se the velocity of water 

flowing in the gully. 

(3) Steep faces covered with manuka exhibited few 

recent slipping surfaces. This may point to 

it being a valuable binding agent on such areas 

or a method of maintaining a sta tic microclima te 

on the soil surfa ce. 

(4) On scrub covered a rea s it a cts as a valuable 

nursery plan t for both native and exotic species. 

Against these a dvantages are the disadvantages 

(1) Loss of grazing area. 

(2) Increa sed fire hazar~ 

(3) Haven for pests, especially opossums. 

(4) Seed source resulting in invasion of open 

pastures. 

The original forest litter provided a "sponge" effect 

for infiltrating rainfall. With the inferior grass humus 

layer at the soil surface and the compaction by the soil 

surface by stock and rainfall, the infiltration capacity 

of the soil is greatly reduced, leading to increased runoff 

and leaching out of pltnt nutrients. 

The pasture roots are generally finer and more 

shallow than the original roots of the forest cover which 

played a large part in physically holding the soils on the 



steep slopes in place, and maintaining a favourable soil 

structure and biological activity. 

For many years after the bush had been removed, the 

old roots and root channels remained in the soil so that 

the a bove effects did not become evident for a long time. 

With the breakdown of the old bush roots, infilling of 

the channels and compa ction , i nfiltration capacity was 

further lessened and the erosive c a pa city of every rainfall 

event increa sed. 

Thus, unless a highly productive improved pasture 

can be maintained, it is probably more beneficial to per

mit much of the steeper country to revert to a more pro

tective scrub and bush covering . 

* * * * * * * * * * * * * * * * * * * 
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2.7 EROSION 

2.7.1. Erosion Control in the study area 

From 1936 on, erosion began to make its presence 

felt within the Pohangina district in general. In Febru

a ry 1945 the Pohangina County Council drew the attention 

of the Manawatu Catchment Board to the soil erosion occurr-

ing in t he county. As this erosion was affecting vital 

road a ccess, the Council asked for an inspection and ad

vice to assist it in its efforts to alleviate the problem. 

In August 1949 there is mention in the Manawatu 

Catchment Board files of a survey of the whole area in 

Pohangina County affected by erosion, being carried out 

by Mr. Greenall of the M.O. W. This resulted in the Po

hangina Survey of Greenall ~ ~ (1951). 

By this time 3:1 and 1:1 subsidies were available 

for any farmer whose property was threatened by active or 

incipient erosion. The Manawatu Catchment Board files, 

however, have no record of any conservation work being 

done in the study catchments until in Moar's Conservation 

Plan of 1958 it was planned to install a light steel or 

galvanized iron flume at the eroding gully head above the 

top branch of Number 1 gully. After detailed investiga

tions of the site, access for machinery previously thought 

impossible was found and it was decided to construct a dam 

there instead. Regula tion of runoff by a dam would then 

eliminate the need for installing a flume at the head of 

this deep and actively eroding gully. 

The headward movement of Culling's gully was a 

real threat to this paddock on Moar's property and in 

January 1961 it was proposed that a small clearing in the 

bush at the head of the gully be thickly planted in poplar 

poles. Pair planting of poplar poles in the paddock 

itself was also recommended. By 1962 the flood deten

tion dam had been constructed about 100 m from Culling's 

boundary. 
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In July, 1969, there is the first record of Mr. J. 

Culling applying to the Catchment Board for advice and 

subsidy for soil conservation work, though elsewhere there 

is reference to poplar poles being planted in Culling's 

gully in 1968. 

Thus it is only in the last few years tha t any 

soil conservation work ha s been carried out in most of the 

study area. In winter 1969 under the Pohangina Oroua 

Catchment Control Scheme, a helicopter drop of plant materials 

was made into the Number 1 gully and tributaries. This 

consisted of 180 cat t le poles, 4,848 sheep poles, 3,850 

stakes, 8 posts, 25 kg barbed wire, a nd netlon sleeves. 

The resulting strike from these plantings was excellent 

despite the following dry season. 

The 5 year Conservation Farm Plan for Culling's 

property from 1970-1974 i nvolved about $2,540, subsidized 

at 2 for 1. In the first year of the farm plan, 200 pop

lar cattle poles were planted with netlon protection up as 

far as the gully confluence and 420 m of fencing were 

erected in the flat paddock above this. 

Where cattle poles are planted, it is considered 

essential to keep cattle out of the planted area for at 

least 12 months after planting a nd "desirable that they be 

kept out for much longer", (Holland, 1968). No special 

precautions are needed for sheep. Cattle were however, 

observed in the gully in 1971 and 1972. 

A number of methods for protecting the newly planted 

poles have been devised, including stock repellents ( Pearse, 

1964 ) and various plastic tree protectors, e.g. Edwards 

1967, 1968 and 1969. The netlon sleeve has proved success

ful, though it still fails to prevent cattle using the poles 

to rub on, thus damaging the young roots as they form, by 

causing the pole to move round in the soil. 

Fencing to keep cattle out of the gullies has been 

proposed in the Farm Plan, with sheep only to be grazed in 

the main tributary of Number 1 gully after heavy planting 

and fencing off. 
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In order to lessen the flow of sand from the gullies 

into the river system in runoff events, a series of debris 

dams have been proposed for the Number 1 gully. The first 

of these wa s constructed in April, 1971, in the bottom 

reaches of Number 1 gully not very far above the junction 

of the two catchments, Pla te 2.16. This concrete drop 

structure filled up with sand extremely rapidly, the 

streambed behind it achieving its new level before the 

winter was over. This allevia ted incipient channel de-

gradation caused by irregularities in the stream, that had 

been observed prior to the build up of the streambed to 

the new level. 

The second concrete structure was installed in 

January, 1973, several hundred metres upstream from the 

first one. By June, aggradation raised the channel to 

the level of the dam and consisted of supersaturated 

material of the consistency of quicksand. After the 

winter this dried out to a solid a ggraded sandy surface, 

Plates 2.18 and 2.19. This represents the deposition 

of at least 1 m of sand over the area immediately behind 

the structure, with progressively less depth upstream, 

illustrating the vast quantities of sediment that are 

moved down the gully in a relatively short time. 

At the Te Awa Research area and on Tews Demonstra

tion Farm, both with similar gullying problems to Cull

ing' s gullies, pole and netting type debris dams were 

initially used in gully control work. These however 

were prone to scouring out in the stream bed below the 

dam accompanied by rapid downcutting to form a fall below 

the structure. This tended to undermine the whole dam 

and cause a washout. Thus constant attention was needed 

to maintain this type of structure. The concrete drop 

structures are initially more expensive but require con

siderably less maintenance. 

A considerable amount of work has been carried out 

by various workers on the use of different sorts of dams 

and structures in gully and runoff control, ( Borlase 

196?; Simons and Spence 1968; Falconer 1969 ). 



PLATE 2.16 

Concrete Dam J 11s i J. l l e il in i<wnher Gully April, 1971 Showing New Slip in 

Foreground 

PLATE 2 . 17 

Undercutting and Slipping on Farm Track April, 1972. 



PLATE 2. rn 

\ oncT<' Le Darn Ins tall e d in Nurnh e> r 1 Gully -J a nua r y , H l7 1 . 

PLATE 2.19 

Wi d e F l aL Aggrad cd Channel Bchi nd t hi s Dam Showing Lh c Huge Build- up 

of Sand Wi. t hin 10 Months 



Simila rly, much has been done rela ting to the use of 

poplars an d other ve ge t at ion in erosion cont rol, bo t h 

in Ne w Zea l and and overseas , Van Kr a ayenoord, 1966; 

U. S.D.A ., 1964; Edminster and May , 1951 ) . 
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At t he gully head on Moar's pr operty there is a 

r ecord of 1090 m of gorge fe nc ing hnving been completed 

by April 1971 and a proposa l to p l an t 200 pop l a r and 

willow sheep poles between t he gul l y h e a d and t he retire-

ment fence . The numbe r o f po les was i n f a ct do ub led 

as by August 1971 the erosi on was increasingly more a ctive. 

The conserva tion f a r m p l an s for th e study c a tch

ments a l so include pr oposa l s for s cr ub c utt i ng , and t h is 

has been c a rried out in a number of p l a ces, bo th on t h e 

Raumai soils and on t h e Pohang ina Steepland soils. Pla te 

2 . 14 show s the anoma ly of poplar po l e p l an ting to arrest 

headwa rd gully movement i n a trib u t a r y of the Number 1 

gully , a ccompan ied by fel led manuka . The standing manuka 

caused l es s shading effect and less loss of pasture t han 

t h e felled man uka . Also, the root sys t ems con tributed t o 

the mechanica l bind ing of t he soi l and substra t a . 

Tr a ctor a ccess to the easy block be twe en the two 

gu lli es was put in during winter 1971 a t a grade of about 

1 in 5. Protection p l an ting a lo ng the tr a ck was c a rried 

out a t t he same ti me wit h 200 pop l a r c a ttle poles wit h 

netlon sleeves . The followi ng summer , slipping a nd 

slumping and undercutting of the tra ck ( Pl a te 2 .17 wa s 

severe, but by t he end of 1972, this situa tio n had im

pr oved slightly. However, a s the poplars increa se in 

size a nd if a gr a ss cover on the steep s lopes can be es

t ab lished, t h is erosion hazard should be a lleviated to a 

l a r ge extent. 

Sheep a nd c a ttle tra ck i ng down the steep slope to 

the top of the first concrete dam from the track was the 

cause of some o f the damage and minor slips associated 

wit h t h e new tra ck before it became consolidated. One 

slip from this area wa s the cause of a remarkably high 

sediment yield in the measured flood flow from Number 2 
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c~tchment duri ng the winter of 1972. 

Cat tle damage was a lso observed a t other points in 

the gully system s duri ng th e wi nter of 1972. However , 

until mar~ of the f~ncing progr amme is co mplete d , it is 

difficult to keep cat tl e ou t of the gullies if they a re 

to have a ccess to the easier countr y between the two gully 

systems . 

The dissected nature of the two c a tc hments makes 

separ ation of sunny f a c es fr om shn dy f a ces an impossible 

task, requiring a much gr eater degree of subdivision t han 

is feasib le. Th is pr actice of se~a rating sunny and shady 

f a c es gr ea tly facilitated management a t Te Awa where the 

s unny f a ces then outpro duced the shady face~ in the wint er 

a nd vice v e r sa in the summer. 

It can thus be concluded tha t r eti ri ng the gullies 

from s t ock al to ge ther, and add itiona l p l un ting along the 

s tr ea ms will ult i mately be t he only answer. Further con -

crete s tr uctures may be ne c essa r y if the vegeta tion by it

self canno t sufficiently reduce the sediment yields o f the 

gullies in flood events . Farm fo r es try would be an a l-

terna tiv e solution . The former method of debris dams and 

ex t ensive planting up of the gully bot toms has been succ ess 

ful i n the Te Awn gull i es and in Tew' s (M c Donald's) gulli es 

a t the Pohang i na township end of Finnie Roa d. The latter 

is showi ng success i n Mears' gullies on the righ t hand side 

of Finnis Road driving up towa rd s Ri dge Roa d . 

2 . 7.2. Types of Er o sion 

The dominant er osion over the Pohangina County a s 

recorded by Greena ll ~al (1951) in the Pohangina Survey , 

wa s slumping , sheetwa sh and gullying . The New Zealand 

Soil Bur eau Bulletin No . 5 (1954) mentions the danger of 

gully erosion on the Pohangina Sa ndy Loam s o il , a nd the 

f a ct that parts were a lrea dy dee~ly gullied a nd tha t 

pastures tended to revert to manuka . Soil Bureau Bulletin 

26 (1968) ~ ls o describes the chief f a rming problem on the 



66 

Pohangina soils as "instability" due in part to the effects 

of replacing forest with grass. 

About 70 percent of th e study area is steep to very 

steep with a high potential for erosion, falling int o Class 

VII of the Land Capability Classification Scheme. 20 per

cent i.e. t he gorges, would fall into Class VIII . The 

canyon gu llying is described as being so severe tha t much 

of the Class VIII land wc uld be best used for forestry , 

(M.C.B. files). 

Note : Greena ll ~al (1951) in the Pohangina 

Survey and Gr ~enall and Hamilton (1954) , 

use slightly differ en t Land Capability 

Classes , ( Appendix VI ) . Class V in 

their classifica tion , corresponds to the 

conventional Class VIII of the Land Use 

Capa bility Survey Handbook (1969) 

The ba sic types of erosion present in the study 

area can be broken up into mass movements varying from 

shallow to deep and gullying . 

Surface slipping is the most common form of mass 

movement. This is most common on the long steep slopes 

especially where the vegetative cov er is inadequate and 

under conditions of moisture saturation in spring and 

winter. High intensity summer storms may also cr eate 

conditions for soil slip and flow movements . 

It was observed fr om the sequential aerial photo

graphs , that slips are not nea rly as common as they were in 

the 1940s, ( see Chapter 5 ). Many of the old slipped 

faces in both catchments are now healed over . This is 

due in part to the imrr 0ved pasture and management over 

the last 25 years . Aerial topdressing and oversowing 

does ~uch to a lleviate slipping . Also the planting of 

c a ttle poles at intervals in the zones where the slipping 

occurs and is likely t o occur provides good protecti on . 

The sunny northerly faces gener ally suffer more 

from slips than the colder southerly faces, probably due 



to higher stock concentra tions in the months when the 

s oil is s a turated . 
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Some slips have a lso occurred where gullying ha s 

c aused undercutting , and off the steep gully sides. 

Pla te 2 . 20 shows a bad ly sli1p8d gully side wit h newly 

p l a nted popl a r poles findin g difficulty in estab lishing 

due to tht: c ontinua l movemen t o f th e f a ce. 

Once slips of a ny descrirtion have occurred expos

ing t he substra t a , this lea ves the unconsolida ted sand 

susceptible to sheetwash and rilling wit h the development 

of i nc ipient gullying if r evege t a ti o n does not t ake pla ce. 

Thus gullied sli ps r e sult . 

Small sli~s were observed f a lling from t he sides 

and to ps o f the Number 1 gully during t he winter o f 1972 

when the ground was s a tur a ted wit h moisture a fter hea vy 

r a in. Examp les of these occurred a bove the f irst concret e 

dam i n Number 1 Gu lly. Pl a te 2 .16 s hows the debris from 

a sma ll slip dir ectly in fr on t of the dam . 

Si mila r phenomena were a lso observed on a sma ll~r 

scale in the dry summer months , wh en the dry s and, l a cking 

any so r t o f c ohesi on or st ruct ure is pr on e to drop into 

the gully if suffic i en tly undermined and t hen dis t urb ed , 

e .g. by st ock. 

Loc a lized mi nia tur e mudf lows were observed a t the 

peak o f the flood in Marc h , 1972 . One of such ori g ina ted 

a bove the concr e te dam in Numbe r 1 gully, fro m t he u nc on-

solida ted ma teri a l on the n e w f a r m tra c k . In this c a se 

there was enough cla y from the tops o il to a id lubrication , 

a steep slope a nd abundan t wa ter supply . Such flows, 

however , wou l d on l y oc cur during flo od events an d would 

not b • very common . 

Gully erosion is of c o urse the most specta cular 

form of eros io n in the study a r ea . As previously men-

tioned, th e entire Number 1 stream is severely gul lied 

up a s f a r a s the "knick point", with headward gully 

movem ent extending up most of the tributa ries and above 

the wa terfall. Number 2 ca tchme nt only suffers severe 



PLATE 2.21 

Degraded Strearnbcd .in Nwnber 

1 Gully Showing Or.ig.inal Fence

line Suspended .in the Air 

PLATE 2. 20 

New Poplar Poles Planted 

on Active Slip 
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gullying for a short distance below the'~nick point:' By 

volume o f materia l displaced and contributed to the drain

age system, gullying dwarfs slip and flow erosion. Gully 

erosion is a hazard with r e gard t o stock losses and greatly 

increases fence maintenance costs. Plate 2.21 shows the 

original fence across Number 1 gully suspended 3 m a bove 

the ground with the degra de of the gully over the years. 

Interna l farm a ccess is com plica ted by the deep canyon 

gullies between the area s o f easier country. Gullies 

also induce sli~ping and slope regra de. 

Associated with the slope regrade in th e gully 

bott oms is the alt erna ting aggra da ti o n a nd degradation of 

the streambed. Banks of s a nd may be built up to 1 .5 m 

high in one flood event as flood leve ls drop, and subsequent

ly cut down a nd removed in the next flood flow. This a c

tion caused silting up of the flood level recorder in

stalled in the Number 1 Gully in each flood, thus prevent

ing its proper functioning. It a lso caused changes in 

the channe l which meant tha t t he dry weather flow in 

Number 1 gully and th ~ sma ller flows from r a infa ll events 

n o longer flowed in t h e vicinity of the r ecorder, reducing 

its usefulness to zero. Thit displaced material gradually 

finds its wa y down into the Pohangina River a nd contributes 

to the sediment load of the Mana watu River. 

Greenall ~al (1951) divide the gully erosion 

into two distinct phases. Firstly, the primary adjustment 

at a very a ccelerated rate, of the former drainage pattern 

to the new base level, causing severe canyoning; secondly, 

the smaller readjustments of the partially adjusted valley 

floors to the present existing conditions of runoff, grad

ient and supply of waste. 

Waterfall erosion, or the retreat of waterfalls 

at the gully heads and in the tributaries is another facet 

of gully erosion. Plate 2.3 shows the erosion debris at 

the foot of the large waterfall in Number 1 gully. At 

the bottom of the waterfalls there is usually a plunge 

pool which is continuously scoured out. If the lip of 
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the waterfall is relatively resistant ( e.g. a siltstone 

band between the more highly erodible s a ndstone and pum

ice ) undermining from the bottom, causes the resulta nt 

retrea t of t h e lip of the waterfa ll. Fluming the water 

awa y from the bottom of t he waterfa ll has b e en used in 

such circumsta nces in oth e r pa rts o f th e district to pre

vent this undercutting. When the resista nt stra ta hold

ing up the waterfa ll fina lly gives wa y headward gully 

movement Rlso a dvances rapidly. 

Serious undercutting is t a king place along the 

lengt h of the Number 1 gully. When the material collaps

ing fro m the sides of the gully collects in the gully 

bottom, the loose material is rea dily r emoved in runoff 

events exposing the toe of such slips to further under

cutting a nd collapse. 

In the summer when th e exposed unconsolidated 

s a ndy substra ta has dried out, it is e a sily dislodged by 

the wind ( Bisa l a nd Hsien, 1966 ) a nd thin layers a re 

continuously r emoved. This in turn exposes the next 

l a yer to the a ction of the wind. Alt h ough not a ma jor 

form of erosion or source of sediment, wind erosion nev er

theless c ontributes to t he prob l e m o f g ullying in the two 

c a tc hme nts. 

Gla ss (1957) observes tha t it wa s established by 

the Pohang ina Survey of Gr eena ll ~al (1951) tha t th ere 

wer e three ba sic causes of th e sever e erosion pr evalent 

in the Pohangina district. These were, the geological 

nature of the ar ea - i.e. the unconsolidated sand; the 

r a pid change from a dense forest vegetation to one of 

generally poor pasture; and the failur e through lack of 

knowledge to a djust the landuse to this combination of 

conditions. 

A fourth basic cause that can be added to this 

list, lies in the nature of sudden intense climatic 

events that occur at random over the ar ea. 



2.8 AGRICULTURE AND MANAGEMENT HISTORY 

2.8.1. History 

The study area is part of t he Te Ahuaturanga 

land block which was bought from the Maoris in 1864, 
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( Buick, 1903 ). It falls into the Settlement block of 

the Pohangina Farm Homestead Association taken over in 

1892, ( Wright , 1968 ). Thus it was only after all the 

available lowland of the Manawatu had been taken up that 

the settlers were forced out into the surrounding hilly 

districts . Unaware of the highly erodibl ~ nature of the 

substrata on the Pohangina anticline, they gradually 

cleared the dense bush previously unsettled by the Maoris. 

As far as can be ascertained, the whole area was relatively 

stable prior to settlement. Colunso mentioned the Pohang 

ina district in his early writings, ( McCaw, 1971 ) de

scribing the river as difficult to navigate and the 

surrounding hills steep and the v a lley full of gorges . 

There was very little life along the river , only one or 

two very small Maori villages . 

By 1900 most of the readily a ccessibl e forest had 

been cleared and burnt and by the early 1900s the pastures 

were alr eady beginning to deteriorate as the induced 

fertility of th e burn declined. There are records of 

heavy flooding over the district in 1897 and 1902, 

( Wright, 1968 ). These floods would have been a result 

of the greatly increased runoff from the new pasture vege-

tation ~oupled with storms of unusual severity. However, 

they occurred at a time when the land was ill prepared to 

deal with the excessive runoff. 

By the time the lower part of the study area was 

taken over by the late R.J. Culling in the early 1920s, 

it was almost completely covered in fern and secondary 

growth. Cutting, burning and heavy stocking in an en

deavour to restore the country to pasture was carried out 

at a time when the stumps and roots of the original forest 
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were decaying. By the mid 1930s ( as in most of the 

surrounding district ), the current economic depression, 

the reversion to scrub following further deterioration 

of the pastures and the increasing incidence of slips and 

gully erosion were th e major problems . Prior to the 

storm of February, 1936, the gully erosion and slips had 

been more intermittent in nature , but from this date on

wards the mistakes made in earlier years were only too 

apparent in the severe accelera ted gullying occurring 

over the whole county. As stated by Gr eenall ~ al 

(1951), 11 It is apparent that a phys ical setup previously 

stable under bush is now unst ab le under grass ." 

2.8.2. Pr "' sent Agriculture and Management 

As previously pointed out , the study c a tchments 

are not f a rmed a s a unit, but a r e divided up into two 

properties with the margins of the two wat e rsheds includ

ed in two further prcperties . This complic a tes ma nage

ment of each catchment as a unit. Also the lower part 

of the study a r ea farmed by Mr. J. Culling is farmed in 

conjunction with a 80 ha block a t t he t op of Finnis Road. 

The upper part of the study area, owned by Mr. W.M. 

Stewart is run in conjunction with other properties near 

Te Awa a nd Kimbolton. About 900 - 1000 ewes and some 

25 ca ttle are wint ered on the lower part of the study 

a rea. In the spring of 1972, 400 ewes were lambed on 

the block and then 650 hoggets run over the summer. 

Cheviot rams are b eing used at present with the aim of 

running a ll Perendales in three years time. Lambing 

perc entage is estimated at about 95 percent. Sheep 

losses in the gullies are relatively low at 1 percent, 

but cattle losses for 1972 wer e placed at 4 - 8 percent. 

Fencing and soil conservation planting are sub-

sidized by the Catchment Board. See Conservation Farm 

Plan No. 59, (M.C.B. Files ) for record of future pro

posals for management of the gullies. 
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About 10 tonnes of fertilizer are applied each 

year and some oversowing of clover is carried outa Plate 

2.15 illustrates the improved pasture that is present 

over much of the Rauma i Soils area between the two gullies 

and the stock water dam which was installed in 1962. 

Management is thus complic a ted by the adverse 

effects of the ero sion in th8 following ways. 

Where slipping has occurred and on the badly 

slipped steeper gu lly faces, increased scrub invasion ha s 

decreased the amount of pasture available for stock, and 

necessitates periodic cutting a t considerable effort and 

expense where practical . 

above Number 1 gully . 

Plate 2.22 shows cutover scrub 

Similarly , increased time and expense are required 

to maintain the fences in the gullies and on slopes sub

ject to slir~ing, as shown in Pl a te 2.21. 

The vertica l gully f a ces a nd steep a ccess to the 

gully floors, have led to increased stock losses, especially 

with c a ttle. 

Access to the easier blocks of country is complicated 

by the dividing gullies, a nd the farm tracks are difficult 

to maintain due to frequent slipping and incipient gully

ing. 

Thus it can be suggested that, were the propert i es 

making up the major part of the study area not farmed in 

conjunction with other blocks, the magnitude of the gully 

erosion probl~m would make them de~ressingly uneconomic 

ventures. 

"'"*************** 



PLATE 2 . 22 

Cut- over Scrub above 
No . 1 Gully, showing 
incipient Rilling and 

Gullying . 

PLATE 2 . 23 

Sheep Grazing on the 
Steep Exposed Gully 

Faces. 
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CHAPTER THREE 

LITERATURE REVI~W 

3.- 1 FLOW AND SEDIJV!ENT f\liEi-l.SUREJV'.:;'.;h'l'S AND OTHER FACTORS 

AFFECTING EROSI ON 

There is a consi derab l e amount of literature 

dealing with streamf:ow measurement and analysis. Most 

of it, however, deals with river c atchments an d l a rge 

flows as opposed to farm - sized catchments an d flows less 

t han 50 '.'; 1/minn There is e vidence in the literature 

that small streams behave dif fe rently from l a r ge streams . 

Lewis (196 6) presents data illus tra~ ing that the width ~ 

depth and velocity of some smal l streams &~just to small 

discharges in a differen,c mannei· than do l a:rg::n:· streamso 

He shows that dif:erent equa tions must be der iv ed to 

illustrate the r elat i onships among width , rl e p t h ~ an d 

ve locities for sm~ ll f:~ws. 

f-1.lso ~ most of the meU1ods inc, 01·porate the result s 

of r esorded data over a re : 2 tively ~ong term. It is 

str essed t hroughou t th e litcTatur s ~h~ t data mus t be ob -

served over a ~ easonably long period to , ~ . oe o~ an y use in 

hydrolog ical studi es ·- r.:.g. Toeoes a nG. Ne(~f ( 1962 ). Bough-· 

ton and McKerchar (1968) demonstrate possib l e error s that 

can arise when short records are useQ ~ o estimate monthly 

means of flowsc Wh e r e records a r e of insufficient length 

to obtain extreme values and c~ itical s equences requir ed 

for the desi g n of water-resource system components , methods 

for generating nynthetic records have been pr oposed by 

various workers including Pea~son (1968)n 

A number o f dif f erent methods have been used for 

measuring time of flo wo Radioactive tracers have been 

utilized with a high de~r ee o f success ( Pilgri~ 1966a; 

. ., 
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Straub~~ 1958 ), as have chemicals such as salts, 

(Calkins and Dunne 1970; Straub!:!_ al 1958 ) and various 

dyes ( Buchanan 1964; Straub et al 1958 ). Tribble, 

Straub~ al 1958 ). Tribble, (1951) observes that col

oured dyes are simple and rapid, but depend upon ones 

ability to observe the beginning and end of the colouring 

material . He considered the salt velocity method the 

most accurate and practical for measuring the rate of flow 

in small channels. Float~ , ac cording to Tribble (1951) 

are believed to be v ery inaccurate. Current meters are an 

effective method of measuring flow in l a rge channels, but 

impossible t o use in small c hannels. The pi tot tube, 

although a ccurate for laboratory work is limited by turbul

ent flow. 

Some of the a lt erna tives a vai l able with respect to 

gauging structures suitable for small experimental basins 

Rre outlined by Smith and Lavis (1969) . They describe 

site restrictions of slope and access in conjunction with 

the structures considered. Taylor (1959) describes the 

design, construction and o per a tion of a flow meter for 

measuring low flows. A velocity head rod for measuring 

stream flow is described by Wilm and Storey (1944), and 

Dr os t (1963) . Drost (1966) found t h e flume weir combina

tion a sclution t o measuring low flows with a high degree 

of acc ura cy. Smoot a nd Buchanan (1968) use d an instru

ment tha t recorded both cumula tive r a infa ll and flood 

stages in small drainage basins. This wa ter stage a nd 

rainfall dual recorder gave c on tinuous automatic records 

between visits tha t could be 6 - 8 weeks apart in the 

event of no floods occurring. 

A number of minimum and maximum water recording 

devices a re available , ( Kelly 1968; Dyer 1970; Grant 

1962 ). These include the float and ratchet type, the 

cup type and soluble paint types. Grant describes the 

float and r a tchet type as overall unsatisfactory , and 

the cup type as very satisfactory as long as the neo

prene cups have water tight seals with the c able . 

Gonzalez (1969) discusses the special problems 

associated with determining the total amount of water 

passing a gauging station in streams with sand channels. 
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These are subject to changes i~ roughness and to scour 

and fill. Thus weirs a re often necessary to stabilize 

the stage discharge rela tion if automatic recorders are 

to be installed. 

Bl ake (1971) quotes work that has shown that low 

flows a re influenced by the geolo gical cha racteristics 

of the ca tchment r ather than t he surface characteristics. 

Flow is, after all, a n integra ted expression of a catch

ment 1 s condition. Taylor (1967) stresses the importance 

of geomorphology as a factor i nf luencing str8am flow. 

He found catchment dimensions r ather than clima tic factors 

to be critica l for predicting flow regimes. 

Regression equations utilizing a number of morpho

metric va riab les have b een used for correlating discharge 

par ame ters. As described by Eiselstein (1965) there are 

an infinite number of in tera cting variables which influence 

the hydro log ic characteristics of a c a tc hment. He ad

vocates the use of multivaria te techniques such a s factor 

analysis to consider t hese variables in the method known 

as area stream factor correlation. Such methods ar e, 

however, only possib le where long term rtcords of a l a rge 

number of variables are a va ilable. Thomas and Benson 

(1 970) a lso estimated streamflow chara cteris ti cs us ing 

multiple re gre ss ion ana lysis t o develop the relations 

between streamflow and dra inage bas i n cha r a cteristics. 

Hedman (1970) correla ted mean ann ua l runoff with c hannel 

geometry . Skurlow (1960) made use of nomograms derived 

from standard formulae such as Mannings formula for 

estimat ing measures of rainfall intensity, maximum dis

charge, time of concentration and velocity of flow. 

In all these methods appropriate values of the 

different parameters have to be determined for the 

particular loc a lity. Skurlow (1960) advocates the use 

of the method of rainfall an d runoff estimation as re

commended by the Australian Stormwater Standards Committ 

ee especially where accurate data for other methods of 

calculating design rainfa ll intensity are not available . 
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Hydrograph analysis methods and base-flow analys is 

methods are all commonly used in New Zealand ( Toebes 

1962a ; 1962b; 1962c; M.O. W. 1969 ). However, any 

wa ter balance studies whe r e runoff , int erflow, baseflow 

and changes in storage are needed to be measured, require 

a c ons iderable amount of data to have been collected. 

As observed by Blake (1971), the va ried physiography a nd 

financial restrictions within New Zealand, limit ideal 

data at b~st to s hort t erm records in the order of five 

yea rs. For long term recor ds , modeling techniques will 

continue t o have to be reli ed on. Burton (1966) points 

c ut tha t a period of up to five years is generally 

necessary to iron out any probl0ms in hydrologic experiment s. 

3.1.2 Flood Flow Characteristics and 

Measurement 

Considerable da ta and exper ience have been collect

ed in the field of flood data, (Benham, 1950; 1951 ; 

Schnackenberg, 1951; Dick and Darwin, 1954; de Leon 

1963; Raudkivi, 1963; and Henderson an d Wooding, 1964 ). 

Flood estimation methods a re reviewed by Pi lgrim 

(1966h). Most involve the selection of a design r a infall, 

or else are empirical formulae. The unit hydrograph 

method is generally recognized as the best available method 

for larger c a tchments. For small catchments the design 

hydrograph type of procedure is possibly the best method. 

Runoff routing methods of flood estimation, he considers 

of limited application to ~mall catchments. 

The standard procedure for estimating flood dis

charges in New Zealand is given in the M.O.W. Technical 

Memorandum No. 61. 

Probable maximum floods in an area can be estimated 

from probable maximum precipitation data. Wiesner (1968) 

outlines the method used to determine the probable maxi

mum precipitation in any catchment in any country using 

the United States maximum depth, duration, area data for 
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short duration, small area convergent type storms. This 

estimate is useful in the design of flood and sediment con

trol structures. 

Benson (1962a) reviews the methods for evaluating 

the occurrence of floods and outlines the various character-

istics influencing their occurrence, (1962b). These in-

elude topography and such characteristics as drainage, 

slope and areal factors as well as meteorological character-

istics such as rainfall and temperature. Because morpho-

logical characteristics influence flood regimes, various 

morphometric and photogrammetric techniques ( further dis

cussed in Section 3.3 ) can be used in planning and pre

dicting flood events. 

Ross (1921) used simple morphometric techniques 

to draw time contour lines on a plan of catchment area. 

From this plan he could calculate the rate of flow at the 

discharge point in the catchment. Firmin (1968) used 

photogrammetric procedures in planning flood control pro

jects. Burgess (1970) discusse~ the use of airphotos as 

an aid to flood studies. Photos taken at flood peaks are 

rare and much detail is submerged under wa ter. Special 

post-flood photography is usually uneconomic. Much in-

formation, however, can be produced by photos taken under 

non-flood conditions and va rious indications of past floods 

can be identified. 

Thus floods can be evaluated to a certain degree 

from aerial photographs. 

Stream Sediment Loads. 

( 1 ) Sediment Collection and Analysis. 

Methods for collection and analysis of water 

samples are outlined by a number of authorities 

Rainwater and Thatcher (1960), and the standard 

carried out by the M.O.W., (Hopkins, 1962a). 

including 

procedures 

These deal 

mainly with rivers where sampling is done at a number of 

depths along a cross-section. Hopkins, (1962a) in The 
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Handbook of Hydrological Procedures, Suspended Sediment 

Sampling, outlines the standard method used in New Zealand 

for sampling suspended sediment and analyzing the samples. 

Further information is given by Hopkins (1962b). Instant

aneous equivalent erosion rate at the time of sampling can 

be obtained by the method used by the Manawatu Catchment 

Board ( MaC.B. Files ). Tables for converting the sus

pended sediment concentrations into weight of material 

eroded from a catchment are available. 

Witzigman (1962) discusses several devices that 

obtain au tomatic r ecords of suspended sediment discharge 

in streams. Methods for rapid determination of concentra-

tion and particle size of the samples are a lso discussed. 

These include the turbidimetric method for suspended sedi

ment analysis and electronic sensing of sediment. 

Kunkle and Comer (1901) used the turbidity method 

to measure sediment c oncentra tions in the 16 - 6, 366 mg 

per ~ range. Graphs of turbidity versus concentra tion 

could be constructed and the sediment concentration read 

off for future turbidity measurements~ 

Tracer methods have a lso been utilized for measur

ing sediment and sand transport in rivers, ( Crickmore, 

1967 ). Methods such as sediment traps have also been 

used for measuring total sediment yield from watersheds, 

( Brown et~ 1970 ). Pumping samplers have been devised 

to facilitate the construction of more detailed sediment 

rating curves for storm events, ( Walling and Teed, 1971 ). 

Various filters for sampling sediment have been developed 

( Blocker and Bower 1963 ) for automatic measuring methods. 

Correlations between the composition and quantity of sus

pended solids can be made and were found by Engelen (1968) 

to be directly related to the velocity of flow. 

Thus suspended sediment may be determined by its 

optical properties through light absor~tion and scatter

ing methods, by its physical properties of particle range, 

filtrability and settling, and by chemical properties 

through inorganic and organic methods of analysis, as 
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described by Baalsrud and Henriksen (1964). Recent 

papers on erosion and sedimentation processes are listed 

by Anderson (1967). 

Provided daily mean discharges are available, a 

flow duration-sediment rating curve can be constructed. 

Suspended sediment discharge can be obtained from the sedi-

ment rating curve. Direct calculation of sediment yields 

can be made programming a computer with information incor

porating the sediment rating equations, as described by 

Fraser (1965). 

Practical problems involved in analysing the 

samp les include the amount of manpower and laboratory space 

required for a large number of samples. Hamilton (1970) 

describes a rapid method for determining the dry weight 

of silt in runoff suspensions based on the specific gravity 

of the particles in a constant volume of suspension. His 

method is as accurate as the gravimetric method of determina

tion and requires far less time, manpower and laboratory 

space. 

Although sediment discharges are used to deter

mine the extent of catchment erosion, they are limited by 

the difficulty of measuring the total sediment discharge 

for a particular point in time. Suspe nded sediment data 

is available for a number of catchments, ( Fraser, 1965; 

M.O. W. 1966 ) but there is no satisfactory ready way of 

measuring bed-load transport, ( Jones and Howie , 1970 ). 

Lane and Borland (1951) a lso stated that it was difficult 

to measure total sediment load because most sampling meth

ods can only measure the suspended sediment, and not the 

bed-load as well. Numerous factors are involved in the 

estimation of bed-load and so it is difficult to draw up 

rules or formulae which will give quantitative answers to 

all cases. 

McPherson (1971) using a bed-load sampler, still 

found that accurate determination of bed-load discharge 

was difficult. Bed-load movement was restricted to a 
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relatively short time span with most of it associated with 

the maximum flood of the season. 

Campbell (1962b) describes six separate ways in 

which the collection and study of data is being developed 

with the object of evolving suspended sediment measurements 

a5 an indicator of catchment condition~ A number of work-

ers quoted by Blake (1971) have used runoff plots to de

termine overland sediment movement and for measuring soil 

loss and erosion, e.g. Hayward ( 1968, 1969, 1971 )o In 

this last paper, it is concluded that the runoff plot 

method is not suited to erosion resea rch in hill and high 

country and will have limited usefulness elsewhere, for the 

New Zealand situation. Burton (1966) also points out that 

the results from runoff plots can not be directly extrapolat

ed to a large catchment where the r o uting effects of channel 

storage completely mask the overland flow effects measured 

on the plotso 

A number of studies, including th a t of Brush et 

al (1962) have been made using mathematica l models .. 

(~J Characteristics of Sediment Production 

Various studies dea ling with the properties of 

flowing sediment have been made, e.g. Bruk (1962) , who con

cluded that no rational theory of sediment transport can be 

developed without a solid knowledge of the properties of 

granular materials in sheer flow. 

Accurate determinations of bed-load also require 

measurements of channel characteristics such as width, and 

mean depth. Leopold and Maddock (1953) and Leopold (1953) 

looked at the influence of channel slope on velocity of 

flow. The commonly observed decrease in slope downstream 

is widely held to be associated with a decrease in velocity 

in the same direction, but according to Dury (1955), the 

opposite is true. Observations show that mean velocity 

tends to increase downstream despite the lessening of 

slope. It may well be suggested that mean velocity is · 
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not the most significant value in the shaping of the pro

file. 

Leopold and Maddock (1953) also studied the 

quantitative relationships between depth, width, velocity 

and suspended sediment loa d, finding that for a given river 

cross-section, they vary as sim ple power functions of dis

charge. For a given width of chann0l at a given dis

charge, a n increase in suspended sediment requires an in-

crease in velocity and a reduction in depth . 

ing flood is marked by deposition in the bed. 

Thus a ris-

The different modes of transport and the changes 

to be expected in bed profile with varying transport rates 

a re described by Sutherland (1969). He concludes that 

the available techniques for predicting sediment discharge 

in alluvial c hannels can only give ro ugh estimates of true 

discharge . 

A number of workers including Wi lcock (1970) have 

investigated the rela tions between bed-load transport and 

channel shape . Mapes (1969) observes tha t a ccurate de

terminations of bed-load require measurements of channel 

width, mean depth , mean velocity., t emperature, suspended 

sediment discharge and particle size both of the bed 

material and the suspended sediment . Such data is however 

generally not available for most streams. 

MaGuiness et al (1971) found tha t sediment yield - ._,.., 
measured from small one and two a cre agricultural water

sheds was largely a function of r ainfall energy, rainfall 

intensity and cover characteristics. From a larger catch

ment ( 6,000 square miles ) the suspended sediment yield 

was primarily a function of the tra nsport capacity of the 

streamflow. Thus the size factor certainly has a major 

effect on th e pattern of sediment yield. 

Roehl (1962) attempted to correlate sediment 

delivery ratios ( the percentage relationship between 

annual sediment yields at a specified location in a water

shed an d the annual gross erosion above that point ) 
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with a number of morphologic a l facotrs. Significant re-

lationships existed between the delivery ratio and drainage 

a rea and average total stre~m length. Little or no re

lationship was found between the delivery ratio &nd relief, 

stream order , number of streams within an order, and drain

age density, when considered singly. 

Lueder (1959) notes that studies of airphotos have 

shown th a t some young primary erosive streams deposit only 

slight amounts of coa rse sediments at restri cted locations, 

while other graded streams may produce large quantities of 

variable sediments throughout their length. Some streams 

deposit throughout the year, others seasonally. Obviously, 

the general sedimenta tion pattern of a stream is a function 

of its geomorphic history and stage of development and a 

function o f the type of terra in through which the stream 

passes . These factors can b0 studied by airphoto methods. 

Colby (1964) describes the general principles tha t 

govern scour and fill in sand- bed streams. Cone lusi ons 

made i ncluded t he following. In a straight sand-bed 

c hann el of uniform cross-section slope roughness and bed 

material , the streambed does no t either scour or fill 

appreciab ly during t he ~assage of R flood. But in a 

straight channel o f uniform cross-section but varying slope 

or roughness along t he channel , fill during a ri sing stage 

is usually followed by scour on the falling stage. 

3.1.4. Rainfall and Climatic Effects on 

Erc.sion 

(1) Rainfall Racords 

It is generally considered that 35 years is the 

minimum period required to give a reasonably steady value 

for the average annual rainfa ll at any station, ( Miller, 

1966; Bowle~, 1970 )o In New Zealand such figures are 

not commonly available . However, the problem of relating 

annual or monthly runoff to the corr esponding rainfall, 



is relatively e a sier t han dea ling with storm rainfall. 

Over a p eriod of a y ear, t he a v eraging of a numb er of 

diff er ent storms t end s to ma ke t he questions of r a infa ll 

intens ity a nd a ntecedent c onditi ons less import a nt. Con

sequently, ac c ording to Lins ley ( 19 67 ), simple plots of 

a n nua l r a infa ll a ga inst a nnua l runoff a re oft en quite 

accura te. With mont h ly fi gure s , howev er, there is the 

problem of r a in nea r the end o f t he month a n d run off 

occurring the following mo n t h . 

A number of equations hav e been develop ed to 

forec a st r uno ff v o lumes fro m r a i n f a ll fi gures, e.g. Lee 

a nd Br a y (1969). 

Ra i nfa ll c ha r a ct eristics are so vari e d t ha t the 

eros i on caused by on e r a i n can se l dom be compared with 

t ha t pr od u c ed by ano t her , ( Nea l, 1938 ) . The an t e ced ent 

mo isture c ond it ion of the soil, the soil s tr ucture , the 

sur fa c e condition and v ege t a ti ve c over a r e c o nti nua lly 

c hang i ng , t hus a lt er ing the e r od i bi l i t y of the g r ound. 

An int ense r a i n fa lling on we t soi l will hav e an e ntir e ly 

diff ere n t runo f f and erosi on pa t tern f r om the same t ype of 

r~ i n f a lling on dry soi l. Crozier, (1968) fo und t ha t 

the s ea s onal va ria ti on o f soi l mo i Eture, t emp era t ure, 

evapora ti on and r a infa ll wer e particula rly importan t for 

discr ee t ea rt h fl o w types of eros i on in Otago. Va riat ions 

in eart h fl ow mov ements wer e mo s t clo s e ly a s s ocia t e d with 

variations in r a infa ll duri ng winter a nd early spring 

when evapora tion a nd t emper a tur e wer e low est and soil mois

ture, hi gh. 

Dreibelbis (1952) working in Ohio found tha t t here 

was little corr e l a tion between annua l or monthly precipita 

tion and soil er c si on. Howev er, a direct corr e lation was 

rev ealed when a mounts of ra i n f a lling at the higher in

tensities were compa red wit h a mounts o f soil erosion. 

Greer (1971) a lso found that low frequency high intensity 

rainstorms contributed grea tly to soil erosion. 

Dakshina murti a n d Biswas (1962) found no definite relation 

between actual sizes of particles e roded a nd the int e nsity 
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of the rainfall, when investigating the relations between 

runoff and rainfall. 

Similarly, work done in Georgia by Carreker (1954) 

showed that erosion was influenced mor0 by a few thunder

storms of high intensity and short duration, tha~ by rains 

of l arger volume ,long duration aud low fr,tensity. 

Short period rai n f a ll intensities and the size 

of the individua l drops of rain have an important effect on 

the extent of erosion. Total annual rainfall has more of 

an effect on erosion if it is ma inly concentrated into one 

season or falls on less than 100 days, than if it i s evenly 

distributed throughout the yearo Pain (1968) presents 

evidence of the importance of low fre quency 1 high density 

r ainstorms in causing slope failure and increases in debris 

supply to the cha nnel system. Other workers who have 

also noted the import ~nce of h~gh intensity rainstorms in

clude Scott (1963) in the South Island hill country , and 

Cunningham an d Arnott (1964) ~n the Rimutakas" Grant 

(1966) found that massive earth movements in Ha~kes Bay 

were r e l ated to periodical excsptionally h ea vy rainfalls, 

whereas surface- soil mo vements occurred with every runoff 

producing r a infa ll. 

Related to these observations of rainfall events , 

are t he r esults of work done by Swenson (1964) who noted 

that infrequent flows from occasional heavy r a i n , tend to 

transpor t much of the sediment moved by a streamo He 

quotes work done in North Carolina wh2re 90 percent of the 

tot a l sediment is transported by flows that occur on the 

aver age 1 about three days each yearn Further examples of 

this nature are quoted in the aame reference. 

Ayoade (1970) stresses the fact that we need to 

know not only the mean r ainfall conditions, but also ~he 

varia bility around these means. Monthly his to gr ams can 

be improved by using values derived by expressing the mean 

monthly rainfall as percentages of the mean annual rain

fall. He quotes various methods of looking at the season

a l incidence of rainfall and s uggests a simple index that 
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does not appear to suffer from any of the defects present 

in the other methods. This index is derived by adding 

the absolute deviations of the mean rainfall for each month 

of the year from the expected monthly value if the annual 

rainfa ll were uniformly distributed thr oughout the year~ 

The result is then expressed as a percentage of the max imum 

possible deviations. 

Seelye (1946) gives a repr esent a tive figure for 

the fluctuations of monthly rainfall in New Zealand as 

being an a verage variation of 44 percent about the a verage 

of t h e month. 

In the Nort h Island the percentage variations 

are greatest in February and least in July. Mon thly r a in-

fall has an assymetrical distribution, occasional very wet 

months c ompensa ting for numerous months with moderately 

li gh t falls~ 

(2) Ext r apo l ation of Ra i nfall Records 

There are several methods that have been develop

ed to enab le a r eal extension of rainfall recor ds to ass ess 

the r a i nfall in an a r ea not gaug~d~ Unwin (1969) reviews 

a number of me thods r anging from subjective isoplething 7 

various graphical methods , to simple multiple linear regress

ion analysis . Miller (1966) describes a method for ex

tending short t e r m rainfall records to 35 year aver ages. 

If a sufficient number of raingauges are present 

over a watershed, then rainfall records can be used to 

construct maps showing the distribution of precipitation 

over the c a tchment, ( Ro dda , 1962 ). A number of principles 

are outlined by de La ine (1969) for planning a network of 

raingauges to give the maximum informa tion for given effort 

and equipment. Complications of measuring r a infall in 

forested areas are discussed; measures of throughfall 

below trees and stemflow a r e often valuable figures~ 

Chidley a nd Keys, (1970) use mathematical models for com

puting the total volume of r a infa ll over an area from the 

available records from a number of gaugese 
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(3) Long-te.E_l'.1 Changes . in .cl_ima~_e and Rainfall 

P'"-tturns 

There is sound evidence for significant climatic 

changes over New Zealand in the post glacial p ~riod, 

( Mo lloy, 1969; Fleming, 1963 )o 

as follows : 

Pr<::sen t AoD. 1940 

A. D. 1940 AoD. 1850 

A.D . 1850 A. D. 1500 

A.D. 1500 A. D. 1300 

A.D . 1300 !1. o Do 1000 

A. Do 1000 500 B. C. 

3000 5000 B. C. 

These may be summa rized 

\ti arm th DecrE::ase 

vJarmth Increas e 

"Little Ice Age" 

Clima tic Deterioration 

set in 

Lesser Climatic Optimum 

Clima tic Deterioration 

o f the Sub-Boreal 

Clima tic Or,-timum. 

Annua l Mean Temperatures 

abou t 2°C above the 

present. 

Molloy (1969) c oncludes that there is no convincing 

proof of a major c hange in our post g l a cia l climate oth er 

than a general rise in tem p era ture about 10 ,000 years ago . 

For the most part , the climate since has been essentially 

the same as tha t todayp The mounting evidence for local 

and relatively shcrt term fluctuation of weather and clima te 

is not disputed, but regarded as a charact eristic feature 

of the environment . But there is n o co nclusive evidence 

tha t these minor variations were of sufficient amplitude 

and geographic extent to be ecologically significant. 

However, as pointed out by Gran t, (1971a) it is 

extremely easy to identify changes in a catchment, such 

as increased erosion, as the effect of biotic or man-made 

c hanges when it is in reality the result of some clima tic 

parameter. Many ma jor man-made changes coincide closely 
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in time with variations of one or more climatic parameters. 

Thus it is extremely important to determine the effects of 

climatic variation so tha t they are not mistaken for effects 

of cultural or biotic cha ngeo 

Seelye, (1950) summarized the annual rainfall at a 

selection of stations throughout New Zealand into annua l 

indices which were percent a ges of the 1911 - 1940 rneanso 

He found a decrea sing trend for the period 1863 - 1947 but 

the standard errors of the determina tion were large and 

the description o f the slow movements of r a infa ll, as a 

linear trend, he considered an oversimplification. 

Grant (1971) sta tes that over the North Island, 

atm ospheric tempera tures sta rted to rise soon a fter the 

turn of the century. They increa sed markedly in the 1940s 

and 1950s a nd have remained a t a ce nerally higher level to 

the present. This t empera ture c ha n g e ha s exten ded the 

length o f the growing sea s o n es~ecially f or trees. Thus 

wit ho ut a ny cha nge s i n t h0 r a i n f a ll rE)g i me , t h i s te mpera ture 

cha nge a lone wo uld ha sten t h e de p letio n o f wa ter i n the roo t 

zone. However, there ha ve a lso been cha nges in r a infa ll, 

as reflected in the increa se in drough t a nd storm frequencies. 

Since the 1930s he q uotes , th e cli ma t e h~ s become more va r

i a ble. 

Annual runoffs f or Ea st ern Ha wkes Bay were a t their 

highest level during the p eriod 1890 - 1910, ( Grant, 1969 ) 

and a nnual ·rainfalls have been lower since a b o ut 1910 than 

they were in the preceding 20 years~ This accounts for 

the drying up of a number of streams since the early part 

of the c entury, despite the removal of forest 8 

Grant, (1969) also found that since 1890, the 

1890s were the stormiest decade. This period coincided 

with the clearing of much of the forest over many parts of 

the country. Also , the period , 1930 - 1960 had a higher 

average level of storminess than 1901 - 1930 • In fact, 

compared with 1900 - 1930, the period from 1930 - 1960 

has tended to be more variable. With this increase in 

the range between drought and storm in regard to land 



instability, the int ensity of drought has resulted in 

storms being effective beyond a lower threshold than 

formerly, he suggests. 
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Earlier overseas work carried out in the United 

Sta tes by Leopold, (1951) demonstra ted that although in 

this insta nce there was no perce~tible trend in the totals 

of annual r a infa ll , there ha d been a c hange in the fre-

quency of individua l falls of v a rious ord ers o From 1850 
to a bout 1930 the frequency of r a ins smaller tha n 0.5 
inches ~er da y progressively increa sed. Thus n century 

ago the country wa s ex~eriencing a low frequency of small 

f a lls with a h i gh frequency o f l a rge r a ins. These condi-

tions in t h is case f a voured a wea k v &geta tive c over and a 

high i ncidence of erosi on. Thus the climatic factor 

h e l ped sta rt th e e p ic ycle o f erosi on whi ch bega n a bout 

1885. Thus cha n g es i n rivers fr om a lluvi a tion to degr a da -

tion is less a functi o n of t o t a l r a infa l l than o f freq uency 

of i n dividua l f a lls o f va rying sizeo 

In the New Zea l a n d situa tion the r e could also 

have been long term c ha ng es in t he frequency o f differ e nt 

sized r a infa ll events, infl uencing the po ten tia l er od ibility 

of the c ountry. 

3.1.5. Miscella neous Effects on Erosion 

(1) Cha nges in La nduse. 

Numerous studies have b ee n c a rried cut observing 

the effects of landuse on ca tchmen t behaviour. The effects 

of removal of forest on c a tchment stability and streamflow 

have been examined by workers including Hornbeck ~ al, 

1970; Hibbert , 1969; Storey , 1959; and Gray , 1970. 
Other modifications of vegetation and their effects on 

c atchment characteristics have b een documented by Swank 

and Miner , ( 1968); Harrold ~ a l, 1962; Miller ~ al, 

1962; Toebes ~ !!l' 1968; Yates and Scarf, 1969, Bailey, 

1948; Bond~ al, 1964; Dragoun a nd Kuhlman , 1968; and 

Minshall, 1961. 
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Generally: ~ep J.et~0 ~ of ~egetative cov er tendetl 

t o increase streamf l ow, water yie l ds 1 Grosion, flood f lows 

and sediment loads. Addi tional ground cover was found 

necessary for pro~ection ageinst excessiv e runoff and 

er os ive losses 7 as sJ.ope inc:." &aced, ~ C'lr reker ~ 195i;. ) " 

Stannard , (1957) und c: Aust~alian conditions found that 

th e influenc e of climate as a causal factor i n erosi on is 

bound up with i ts ability to ma~n ~in a good pro t ective 

ground cover. Under no~~al climatic conditio:-is: includ-

ing periods of drought. t his is ao and thus \~er 8 manage

ment pr ac tices 3re sound , sh~r~ f requent dro ught peri ods 

have little effect on ero1ion a 

The ;,ral nr.~ of o·rrH·.o:o·:: ing and topdr essing hnc iVie:1 

demonstrated i11 t err.i _ ot :~ mi:rove::'!. r.o 'J e"t'.' : inc reas ~d pastur e 

pr oduc t ion and h::.g:1.cr r.s.r~0Ji · 1v, cap:=tc ic y: ( Ya t 3s: 196'.:i 

and ·1971 ) " Th~S(; c!1m1g0s ,,_,;:-:·r.: :J.:;com;;e. niec1 by redu~tion1:: 

i n t he peak ruuof: :1:·1 0 ·.-:s .:i:h1 -~_,·-. . ::. :;. f:.1_o v' s,. lay graz.;.ng of 

the i mproved pastu~A futthe~ ~JducGd runoff a~d ur ovided 

gr eater protec tion aGa~nst ;100f dauage . 

Gen eral ly J. cov<:::.: o :c :fr_.:rc;st o :;: scrub makP..s le s3 

severe dem andE on t~e 3ni l t~ ~ ~he i aatur e that has sc 

wide l y r eplaced i t -...•L oup;;:cui: ~!e •,1 Zoala.r .J. 1 ( Srad;.1e2.l 

and Jackson, 1969 )? ~tu~\~a of intcrce~tion of rainfall 

by vegetation: ( Aldridge &~~ Jaskson. 1 963 ; Blake and 

Taylor, 1967 anc:! No~~ oF.-S, 1 1 SS ·~ ' ; .1 u.re rrovid :i. nt; d.a t a on 

the significanc e of in~erc~~~i on~ 

Fleming~ (1963) no~r-;s "'cha·:: 1;1an 1 s a rri cra. l in Ne\v 

Zealand and his subs ~ que:-it d~forectatj.on of the c ountry 

has confused and pr2i1<::n i;ecl '..lS :f:i:- om ser.::king c l i r.iati c cai..:ses 

for t he chang e s wrought at ~h i s timen Molloy, (1969 ) 
suggests a clos e J.. i nl: 'o:5tiveen f:~ ~:e ( mR!:! ·-made o:..· natu::-:-al 

or volcan i city and s ubse1uent erosion~ Thus 1 changes 

in l and use a r e not nee es'.Ja.:..~ ily t:1e pr:i.ma ry caus es for the 

increased incidence of 3rosion over the country, but 

nevertheless do have major effcctsa 
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(2) The effects of Soils and Topography 

on Er osi c:·n 

Midd l eton , (1930) looked at the various proper-

ties of soils which influenc e soil erosion. As sta ted 

by Gr Rdwell and J a ckson, (1969) where soils are able to 

a ccept large amoun ts of water a nd release it slowly to 

the strea m, l a rge flood peaks do not eventua te. Thus a 

high r a te of infiltration is importante Birrell, (1962) 

observes t hat macr oporosity is r egarded a s the va lue most 

likely to be r e lated to the ultimate infiltration rate 

shown by a soil. Macro~orosity is greatly a ffected by 

th e heavy trampling of th e surface soil under high stock

ing r a tes, (Gra dwell, 1966 ). This may ha ve a dis pro

portionately serious effect on t he infiltration of rain

water and cause intense r a infa ll t o be lost a s runoff. 

The surface cover determines the r a te a t which 

water enters the soil. This influences the structure 

which in turn effects the amo unt of moisture storage. 

Thus man 's influe nce on a ca tchment in l and developmen t 

is almost en tirely directed to, or r esults in the elimina 

tion of natura l stora ge. This inevita bly a lters the 

runoff hydrograph and increases the p eak r a te of runoff, 

( Spence, 1971 ). 

A number of workers have looked at the influence 

of to pography on runoff an d erosion, e.g. Potter, (1953) 
and Hoover a nd Hursh, (1943). Baver, (1956) quotes 

degree a nd length of slope as th e two most important 

factors with respect to erosion. Losses from steeper 

slopes do not increase in the same proportion as the 

losses from more gentle slopese On slopes below about 

10 percent, the amount of erosion a11proxima tely doubles 

as the degree of slop e increases twofold, depending in 

part on the intensity of the rain. Work done by Zingg, 

(1940) showed that increasing slope length increases 

total runoff; increasing degree of slope increases 

total runoff and soil loss. 
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Newman (1957) in Australia and Archer. (1969) 

in the Ben Ohau Range looked at the influence of as~ect 

and found marked differ . nces in erosion ~otential be tween 

north and south f a cing slopes . Altitude as a topographic 

factor increases the erosion potential from lower to high

er altitudes . 

* * * * * * ~ * * * * * 
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3.2.1e Th e Afp lic a tio ns of Aerial Pho to gr aphy 

(1) I n tr od uction 

The use of aeria l :photographs a nd pho t oint er:preta 

ti on in s oil co nserva tion and a lli ed fields ha s been recog

nized f or severa l dec a des. But, a s pointed out by Colwell, 

(1964), a lthough a eri a l phot o gr aphy is common ly relied on 

a s an irrefuta ble s o urce o f informa tion, there a re still 

many workers who r efuse t o a cknow le dge t he f a cts which 

photos offer t hem . Cert a i n ly in New Zea l and a ir pho tos 

c ould be mo r e ful ly utilized t han they curr ently a re, es

pecia lly for s i mple measur~ments in work r e l a ted t o so il 

er o s i on and hydrology . 

Numer ous wor ker s have li s ted the va ri ous uses to 

which air~hotos can b e put i n Soil Conserva tion. Smith, 

(1945) mentions l and cla ssi ficat i on , s o il erosion surveys , 

mapp i ng c f soil types , l a nd s lope , gr a dients a nd landus e , 

a r eal measurements ( such as field a cr eages ) and pla~oing 

of ero sion c ontrol meas ures. Bomberger a nd Dill, (1960) 

list a number o f ana l yt ic a l e lements tha t c a n be described 

from a ir ~hotos. These includ e dra inage p a ttern, gullies, 

watershe d patt ern, wa ter and drainage c ondi ti ons, l a nduse 

and vegeta tive species. No rcross, (1963) has prepared a 

com prehensive list of a ll the v a lues a nd uses of photo

gra mmetry in all fields of scienc e . 

It is widely accepted tha t a ir :photos are obvio usly 

more compr ehensive than maps of the s a me sca le, and that 

ma p:ping with a ir photo s is more a ccura te a nd r apid than 

conventi ona l fi eld surveying. 

Information from a irpho tos is thus of much use 

for genera l watershed p l ans and land treatment on the 

large sc a le, as well as for individual farm plans and 

small watershed surveys. The following sections deal 
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with the evidence presented by a number of workers on the 

applications of aeri a l photography under a number of head-

ings related to Soil Conservation. Further evidence of 

the va lue of aerial photographs is ~resented in the r esults 

of this study, in Chapter Five. 

* * * * * * * * • * * * 
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(2) Lan d Us e S t ud ies 

Vari ous worker s have used sequentia l a eria l photo

e r aphs f or eva l uat i ng a n d mapp i ng c ha nges in l a n d use, 

( Av Gry, 1965; St0 iner, 1 965 ; a nd Board, 1965 ). 

Gi mbarzevsky (1 966), was a bl e t o i n ter pret s oils 

da t a fr om a eri&l phot os i n order to determi n e l a nd pro-

ductivityo Vari ous s t ud i e s o f l and us e using sma ll sca le 

p ho t os g ivi ng broad aeri a l c o ver a g e h a ve b e e n performed , 

e . g . Dr a e ge r and Pettinger (1972). 

And ers on (1 9 71) rec ords tha t the l a nd classificatio n 

s c h eme empl oyed by t he Tenn e s s e e V~ l l ey ~ ut h0 rity · i n t he 

1930s , ma de ext ens ive u s e o f a eria l rho to gr aphy t o d ~a l 

wi t h l a nd us0 ~ r ob l ems . 

I n New Zea l a nd a erin l pho t ogr a phs a re u s e d i n l a n d 

i nv en t or y survey s i n Land Use Capa b ility Cl assifica tion , 

( N. Zo Wa t e r and Soil Di v i s i on , 1 97 1 ) . 

(3 ) Ev a l ua tio n o f So il Ero s i on 

A r e l a tiv e l y e a rly r e f er0nc e t o t he use of a ir 

~hot o s f or describi ng soil erosi on , especia lly gullying , 

i s t ha t o f Gouffon (1 953). Area s o f woods, severe a nd 

mo dera t e gully erosion , and t ot a l num ber of gullies, were 

recorded ster eo sc opica lly, a nd the n field checked. This 

air- pho t o s urvey ena bled a c a lcula tion of the ~robabJe 

con trol costs, to be ma de . 

Thi s typ e o f erosio n survey wa s accurate, simple, 

quick a n d inexpensiveo 

Th e u s e o f sequentia l a ir ph oto gr aphy for detecting 

incipient soil erosion, pla nning protection measures and 

obs erving c han g es i n erosio n is demonstra ted by v a n Richt- . 

er (1962). In a report o n a ir p hoto use in Ma l a y a , ero-

sion f ea tures a nd gullying in l a t eritic soils are identi-

fied, ( Kee 1962 ). Unturfed, undra ined vertical cutting s 

in s uc h s oils, run the risk of surfa ce runoff carving out 
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gullie s tha t can be clea rly i d e nti f ied on t he a ir ph o toso 

Mi k e (1968) describ es t he s urvey ing o f eroded ar eas. 

Aeria l pho togr a phy was a lso used in t h e pr &para tion of 

s o il c onserva tion s chemes, for r e v ea ling e r osion ar eas , 

soil defici encies and gulli es . 

Wh ere persisten t s oil creep causes a belt of 

br oken g ro und , it i s r eadily r ecorded on an a ir photo, 

b ut no t so ea sily appr ec i a ted fr om t h e gro und ( S t. Jos eph , 

1966 ). The f a ct tha t c onditions not rea dily r e cogni ze d 

a t gr ound level a re easily r P- c ogn ized i n a ir photos, is 

o f extreme importanc e . 

Boa rd ( 1965) de tected so il er osion and r e l a ted 

it t o l and utiliza tion . Fezer (1971) wa s even a ble to 

identify t he b eg i nn ing o f e r osi on c a us ed by t h e h ooves o f 

c a ttle on rho t os of suff i c i ently l a r ge sc a le. The sca le 

o f t he pho t o s used i n the s t u dy of t he Po ha n g ina c a tchment s , 

howev er, wa s n ot suff i ciently l a r g e t o id entify t h is fea 

tur e a lt hough it wa s eviden t fr om fi e l d surveys. S purr 

(1 960) r e c ognized gully er osi on fr equently showing up 

t h rough t he c overin g v egeta t ion o Where subsoil wa s con-

sider a bly ligh t e r i n co l our t han the to p so i l, she e t e r o 

si on was clea rly visi b l e . On t he gr ound, she et erosion 

can quit e eas ily b e overlo ok e d beca use there is no striking 

c ha n g e in r elief a s t her e is wit h gully erosion, ( Lueder, 

1959 ). 

Planning of erosion control is obviously gre~tly 

f a cilit a ted by the use of a ir pho tos. The use of photo 

inter pr e t a tion an d photogrammetric methods c a n provide 

b a sic informa tion suc h as veget a tive cover, slope and 

erodibility, watershed b 0 undari e s, a nd runoff, rap idly 

and inexpensively. The processes of erosion can be ob-

served, the sourc e of de posited material found, the move

ment of sediment traced a nd alluvial deposits identified 

according to Zinke (1960). Erosion processes that might 

otherwise pass unno ticed, and land use changes due to 

soil conserva tion activities can a lso be evalua ted from a 

series of sequential photos. This exercise was attempted 
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in the present study. 

Thus the historical development of problems and 

control, a s well a s present ccnditions a re rea dily observed 

fr om a ir photos . 

(4) River and Flood Pr ob l ems 

I n a co mpr ehens ive revi ew a rticle, the use of 

sequential air pho t os for recording flood levels a nd sedi

mentati o n is r eport ed Fezer, 1971 ). Steiner (1965) 

mentions informa ti on on the distribution of l a nd use types 

on flo od ~ lains being obta ined from aerial photographs. 

This information was then us ed to ob tain flo od damage da ta 

in ord er to calcul a te the extent t o which a flood control 

scheme or dam would benefit the land and intens ify it s use. 

Lueder (1959) observed t ha t sedimentation tends to occur a t 

predictable points which a re readily id entifiab le on air 

pho to s . Als o , a broad i ndex o f the r e lative amount of 

suspended l oad may be ob t ained through the t one ana lysia 

of a stream a t various po ints at different times during 

the year . Str eams wit h wide beds offer t he best oppor

tunities for measurements of t he amo unt of sedimen t in 

tra nsport ( Zinke , 1960 ). Bomber g er and Dill , (1960) 

found that photos taken periodically during times of 

floodin g greatly facilit a ted control measures, both at 

the time, and for t he future. Sequential photos of the 

receding floodwa ters, facilitated estimates of the .length 

of time crops had be en inundated, the direct physical 

damage done, the degree of erosion or silting, and con

sequently the probable crop mortality and yield reductions 

to anticipate. 

Such photos a re of obvious value for flood~ that 

affect a large area and do considerable damage . In 

small water sheds, such as the study catchments where 

floods are often flash floods, such methods a re more 

difficult, a lthough they would still however, yield 

interesting data. 
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(5) Drainage Analysis 

In a ir pho t o interpreta tion work, the form and 

density of the dra inage network is one of the most common 

a nd important subjects. 

With l a r ge enough scale , even the first order drain

age streams can be i den tifi ed . Markovic ~ al (1962) ob

served tha t qua n titat ive statistical ana lysis o f dra inage 

networks c ou ld be made fr om aeria l photographs . 

Parvis (1950) r eported on t he use of a ir fhotos 

for ana lysing dra inag e patterns f o r their use in identify

ing soils a nd bedr ock. 

Dr a i nage densi ty in a wa ter shed , i s an expression 

o f r ainfa l l and i nfiltra tio n capacity. This mean s it 

can be r egarded as a quanti t a tiv e physica l description 

of t he wa tershed , ( ZiPke , 1960 ) . 

Smith (19Lf3) observed t ha t streams whi c h a re dry 

f or part of t he yea.r, .show t he cha ract eristic c o l our and 

textur e of s and, t hus enabling identification. This was 

particularly evident in the study a rea . Dr a inage patterns 

not clea r in the field, a r e much more readily identified 

from aerial photographs ( Ri jkse, 1966 ) . 

(6) Soil Studies 

Soi l mappi ng and analysis is essentia l in the 

a~praisal of s oil conserva tion pro b l em s and control work, 

and much work rela ting t o soils has been done using a ir 

ph0tos . 

Aerial photography is e specially important in 

surveying mountainous areas where access is difficult, 

and where dense vege tation reduces visibility. Retz e r 

(1962) describes aerial photographic soil surveys in 

such country. Soil types were plotted ster e oscopically 

on the photographs and then checked at intervals in the 

field. Good ai r photos, quality stereoscopic equipment, 
LIBRARY 
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skilled per s onnel, a nd f am iliar i t : with t he g en era l a rea 

a re requiremen t s he s tr esses . 

Mike (1968) de mons tra t ed t ha t d i ffer en t s oil 

types c an be delimi ted more acc ura tely a n d eas i ly , a nd 

i n gr e a t e r deta il, by means of a ir pho t os than by means 

of c om p l et e field s ur veys . In the study ar ~a wher e so ils 

a r e c l a s sifi ed accor ding t o s l ope , they were r eadily 

i den ti f i ed . Certa i n f ea t ur es n o t • l ear io the f i ~ ld. 

a r e easily observ ed , and much ti me i s s a v e d. We bst er 

a nd Wong (1 969) how ever, no t ed t ha t on fla t l an d, a l

t h ough t h ere were mark ed chan g es i n th e s oil, correspond

ing c ha nge s i n t he a ir photo image wer e n ot noticed until 

a fter t he f i e ld chec k . Al so , mor e experi enc e wa s require d 

f or i nter pret ing s o i l boundaries on f l a t t erra i n , t han i n 

terra i n o f grea ter r e li ef , where b o undari es wer e mor e ob -

vi o u s . J a rvi s (1962 ) a l so l ook ed a t the us e o f a ir 

pho t o in t e r pr e t a tion fo r de t ailed soi l mappi ng . Vin o

gr a dov (1968 ) goes as f a r as t o s a y tha t t he us e o f a ero 

methods i n so il ma~ ping i ncr eas e~ its s p ee d by a f ac t or 

o f 2-3, a n d r ed uces t h e am o un t of necessa r y so il s ampling 

by 60 - 70 percent, es pecia l ly a t me dium sca l es. 

I n mo s t s o il s urv eys , th e ma ps used i n t he fi e l d 

ar e 1:20 1 000 ph o to s en l a r ged t o a sca l e a t 1:15840 

(7) Hy drologica l I n f or ma tio n 

Zinke (1960) lists d isc overy and measurement of 

ground wa ter a s being a ided b y a eria l ph otograp hs . Per-

ous a nd wa ter bea ring for ms c a n b e identifi e d a nd locati on, 

eleva tion a nd other gr ound c ondition s a ffecti ng the st or

age a nd movement o f ground wa ter c a n then be considered. 

Any area being studied, c a n a lwa ys be compared wit h other 

areas that ha v e a lrea dy b e en inv estigated. The study of 

the na tural veg et a tion will often a llow wa ter q uality, 

especially its s a lt con tent t o b e a sc ertained. Air 

phot os a lso serve a s ba se ma ps or records of different 

l a nd use classes, allowing e stimates of water consumption 

fo' be made. Thus i t :i'. s possible to pl a n storage a nd 
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futur e needs. 
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The use of air photos for c hoosing s ites for the 

placement of r aingauGes is also r eport ed . Sit e s with 

loc a l peculi a rities like ly t o i ntroducE error into the 

measurements can thus be a voided , and acce s si bilit y de

t ermined o 

Zinke also ment i ons the use of air photos for 

studying t he vari ous surface conditions i nfluenc i ng or 

controlling the phase s of the hydrolo g ic cycle . Pre 

ci pitat i on depositicn as runoff , stor age or se epage c an 

be estima te d i n part from interpreta ti on of the phys ica l 

conditions of an a r ea , and a r ough est i ma t e of water y i e l d 

be made . Factors a ffecti ng mo i sture supply to plants 

and evapotranspiration , ( e . g . derth and stoniness of soil 

seepage an d ripa rian a r eas , c a n oft en be detect ed from 

photos . Se~page a reas wer e rea dily p i cked out from the 

study a r ea pho t ogr aphs . Ar eas where t he soil has l ittle 

mo i sture storage capacity will dry out and t u r n b r own 

sooner, and the same sequence of li~ht and dark toned 

a r eas will appear in photos taken in successive years. 

Runoff r ate varies with U c€:: infi 1 tra ti on capaci ty 

of th e soil , vegetative cov 0r , and the geology o f t he 

a r ea . Classes of slope, soil , vegeta tion a nd rock c an all 

be interpreted. Then when these factors ha v e been con

sidered and their e ffect on runoff de t ermined , a pr e limin 

a ry e stima t e of the hydrograph can be :;:,r ..; pa red for the 

v a ri o us streams i n a wa t ershed . 

Areas with a marked dry season gene r a lly offer t he 

best o pportuniti e s f o r determining seepage and springflow 

a reas from photos . Fault lines which int erc ep t t he flow 

of ground wa t e r a re oft en the sites of seepage a nd spring

flow, and are usua lly visible in stereo pa irs. Air pho t o 

interpret a tion has thus b een adopted for a wide variety 

of hydrological i nfor ma tion. 
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(8) Geomorphology 

Various workers have observed t ha t vertical air 

photos a re a more abundant source of many simple measure 

ments a~plicab le to quan titative geomorpho l ogy , than are 

to ~ographic maps . Such mQasurements include those of 

stream le ngth, basin a rea , and slope mensures , and are 

extremely time co nsuming and difficult t o ob t a in in the 

field. This was c ertainly the case in the study a rea , 

even t hough access for field work is re~sonab le. Nakano 

( 1962) discusses lo.nd form analysis using a ir 1Jhotos that 

give informo. ti on about the land surface ; e . g . microrelief , 

dra inage groundwater condition , cultura l features , and 

the interrelationshi~s o f a ll these factors. Bowden and 

Jeffers (1967) were ab le to map slope changes from a ir 

p hotos , but could only deduce their signif icance after 

g r ound investi gation . Me a surement of slope ang les is 

definitely more read ily a nd accurate l y ach ieved on ai r 

pho tos than from mars , and Fezer (1971) quotes instances 

whe r e workers ha ve been able to corr e ct existing maps , 

a dding new and im por t ant cont o ur lines . 

Many geo l ogical surveys a r e now made wit h the he l p 

o f aeria l pho to graphy , but a ccording to Vinogradov (1968) , 

the development of adequa te methods is still very slow. 

Features of relie f and drainage too small to appear on 

t opographical maps have lo ng been exp loit ed for the identi 

fication of rock units . Large sca l e char a ct eristics which 

cannot be appr eciated by ground observation , can a lso be 

cap tur ed on a ir photos. 

(9) Vegetation Studies 

Var i ous aspec t s of veget a tive cover are important in 

relation to so il conservation prob l ems. Lueder (1959) 

was ab l e t o r e l a te the effect s of sheet eroE~ on to the 

productivity of the l and , by looking a t t he r esulting 

pa tchines s and uneven cro p and gr ass growtho These 

features were looked out for in the study photographs. 
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Numerous vegetation features observed from aeria l photos 

provide useful ind ic ators of ground conditions. 

Wicken s ( 1966) disc usses the practica l a~~lic a tions 

of a eria l photography for ecolo f ichl surveys , and stresses 

the strong corr e l a tion betwc0n vegeta tion, topo gr aphy and 

soil . Rob ins (1934) fo und a v ery de fi ni te c orre l a tion 

of the ve ge t a tion typ es wit h mo i s tur e , soil and rock. 

Vertical pho to s , he fo und gave more detail than obliques, 

but obliques showed cle a rly the ma i n boundaries wh ich 

were sometimes obscured on t he vertica l s , by excessive 

deta il. Air photos a re of extreme use in forestry sur 

veys. Pho to interpr e t a tio n keys for forest cover types 

have been developed for the Amer ican situa tion, e.g . Avery 

( 1970) . 

Vinogradov (1968 ) q uot es nume rous Rus sikn publica 

tions on forest pho to in te r pretat ion, and t he use of 

plants a s in dic a tors of a v a riety of surface conditions. 

In t he study photographs, rus h es and t h istles were identi

fied as i nd i cators of wet and dry conditions . 

Northro p and Johnson (1970) conc luded tha t many for

est types appear so si mila r, regardless of the type of 

film used , tha t it is difficult if not impos s ible to dis

ti nguish between them , but the broa der cover types are 

distinguishab le. 

La r ge sc a l e pho tos wer e used by Sayn- Wittgenstoin 

(1962) for id entify ing Canadian forest species. Von 

Zdenk o Tomasegov ic (1962) advocates the use of stereo

sco pic surveys for v ege t ation ana lysis in hilly and 

mountainous country where access is difficult. 

3.2.2. Factors affecting Photointerpretation 

It has bee n r e cognized that air photos are of con

siderab le va lue in soil conservation work, but there are 

numerous factors tha t must be taken into consideration. 
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( 1) Ton e 

Objects wh i ch r e flect c onsiderab l e s unlight back to 

t he c amera , photo gr aph ligh t i n tone , while obj ects ab 

s or b i ng li ght, ph oto g raph da r k . Alt hough dif fe rent 

to nes may pe rmit the i d e nti f icat i on of differen t soil a nd 

veg eta tion ty p es, it mus t b e r em emb ered t ha t to ne is 

h i gh ly va ria ble, e . e ., tr e es g r owi ng o n a h illside slop

ing a wa y from the sun , will ph o t o graph da rker i n tone 

t han s i mila r tr e es growi ng on a h ills i de s lop i ng towa rds 

t he s un ( Spurr, 1960 ) . Al s o many a eria l c am eras a d

mit more li g ht t h rough the c en tr e o f t he l e ns t han •round 

t he ma r g i ns. Thus to n e s a ro und t he ou t s i d e o f the 

ph oto gr a ph a r e likely t o b e s lic h tly da r ker t ha n in the 

c en tre. Thus a un i fo r m fo r est s t a nd cou l d r eg i s ter a 

wi d e va riet y of t on es dep e nd i ng o n t he lo ca t i on of t he sun 

wit h respect to c a me r a a nd t opo gr a phy. 

(2) Tex tur e 

Text ure ma y a l so di ffer f r om one pa rt of a h omo: e nous 

st~ nd to a no t h e r , bec a use of the r e l a t i ve loc a t ions of the 

s un a nd the cam era . Tr e e s v iewed directly fro m a bove 

ma y a ppea7 f i ner tex tured th~n t h e sam e trees vie wed 

obliquely ( Spurr, 1960 ) . 

(3 ) Resolut i on 

Wh en t h e pr ec ise s ize or number of sma ll ob jects on 

a pho t o is required, r esolu tion is an a ll i mporta nt 

c ha r a cteri s tic, ( Allum 1970 ). But whe n we a re con-

cerned with interpreting wh a t, ( r a t h er tha n how ma ny 

t hings), is repr esented on t he ph oto gr aphs, t hen colour 

a nd the interpreter's pa st exp erience with the type of 

photo, a re more i mporta nt t ha n resolution. Other 

limiting factors rela ted to texture include contrast, 

a nd shadows. 
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(4) Ground Control Da t a 

Any meaningful interpreta tion of a erial photographs 

depends on a dequa te ground con trol da ta which is best ob

t a ined in the field at the sam e time a s the photo graphy is 

t a ken, by workers who a re f am ilia r with t he area , and who 

a re to interpret the pho t os . Th is is stressed by numerous 

worker s includ ing Sc hne ider (1968) , Benson~ al (1971) an~ . 

Fezer (1971) 

(5) Time of Day of Photography 

Time of day , because it i nfluences the angle of the 

sun, is another limiting f ac tor in air photo interpretation. 

An ang le of approxi ma tely 30° has been found to be the most 

satisfactory , ( Hackman 1967 ) . Decreas ing t he angle of 

illumi na tion, tonal d ifferences became l es s apparent, but 

s hadow effect , an d en hancemen t of texture become more 

apparent . 

(6) Seasona l Effects 

The season i n wh i ch t h e photography is t aken has a 

bea ring on its usefu lne ss, ( Krei g 1970 ) . I n summer 

most agricultural a ctivity is occurring, and heights of 

trees a re eas ier to determine stereoscopically while they 

have their lea ves on. This i s of cour se not as importan t 

in the New Zealand situation where most trees a re not de

ciduous. The effects of seasonality on a ir photo inter

pretation wer e a l so as sess ed by Stei n er (1966) an~ Sayn

Wittgenstein (1967). Choice of optimum times improves 

the quality of the photos and measurably reduces the number 

of man-hours necessary for photointerpretation, ( Vinogra dov, 

1968 ). 

(7) Photo Scale 

Any interpretation of vertical air photographs whether 

in colour or black a nd white, is limited by scale. Numer -

ous tests have been made corr e lating the sizes of objects 

with suitable scales for viewing them, including those of 
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Helbling (1949 ), Simakova (1964) , an d Pena (1970) . Wh en 

s e lecting for scale , the s malles t scale possible for the 

pr a ctica l solution of a given problem, is chosen . Gener-

a lly h owever , work is done with sc a l es tha t a r e too small 

for the objectives required in photointerpr e t a tion. Th is 

is probab ly due to the higher costs involved if the photos 

a re t aken at a different sca l e , or enla r ged . 

Keeping costs in mind , Thurr e ll ( 1943) concluded 

t ha t, a photo sca le of about 1 : 20 . 000 is probably most 

desirab le. This sca le has been considered t he most useful 

in the maj ority of i n terpr e t a tions . Schne ider (1968) con

sidered scales of 1:8,000 - 1 : 12 , 000 suffici en tly large to 

per mit deta iled i n terpretation of wa t er rela ted factors . 

Sayn- Wittgens t ein (1962) mentions 1:2 , 400 scale phot os 

being used to identify forest species i n Canada . Mike 

(1968) describes the surveying of eroded area s on a ir 

photos a t E C~lus Qf1 : 25 , 000 , 1:10 , 000 and 1:5 , 000. 

Pena (1970) li s t s t he most convenient sca l es for the 

d if fer ent sp ecialit i us of photoint e rpr e t a tion . Gene r a l 

and r egional studies obvi ous ly req uire a smaller scale , 

anythi ng from 1 : 20 , 000 - 1 : 60,000 whereas more d e t a iled 

studi es a r e b e tter ca rrie d out a t sc a l es below 1:25,000 . 

Pena c onc l ude s that opti c a l inst r uments for magnify i ng ob-

j e ct s should be used with any scale. He no t es that en-

l a r gemen t of aeria l photos to obta i n a conven ient scalL , 

is not a s desirab l e a s in te r pre ti ng t he original contact 

prints wit h the a id of optic a l i nstruments which will 

magn ify the ima ge to t he tec hnica lly tolerab le limit. 

(8) Other Considerations 

Other factors such as foc a l l eng th of the camera 

lens, type of camera, types of emulsion, types of process

ing, and t he overa ll resulting photo quality will also effect 

the value of t h e photogra ph wit h r espect to photo interpreta-

ti on. The recording of an int erpr e t a tion on the photos 

or on photographic overlays, va ries wit h differ ent photos 

( Allum 1970 ). The most common methods a re dra wing 



107 

directly on the photos with grease pencil, or on transparent 

or trans luc en t overla ys with i nk or felt tipped pen. 

Whethe r the photograph s a re used a s transparencies, or 

printed on paper is important . It is genera l knowledge 

t ha t, other t hing: s being e q ua l, transparenc ie s show finer 

details t ha n t he pa per photogra phs , but they a re less con

venient to use , Al lum (1970) . Cost, and suitability for 

field use must also be considered. Perhaps the greates t 

i nf l uence on the i nt erpretative va lue of the phot ogra ph , 

is the type of film used , and this is discussed in the 

next section. 

The Re lative Merits of Different F ilm 

Types o 

(1) Introduction 

The different film types tha t will be discussed in 

this section a r e a s follows : 

(a) The conv en ~ iona l bla ck and white pa ncroma t ic. 

( b) Na tur a l or true colour fi l m, gener a lly Kodak 

Ektac hrome Aero film T~ ,c 8442 , unless sta ted 

(c) 

( d) 

ot herwise . This film is designed for medium 

to high a ltit u d e a e r ial co l our photogr aphy . 

A ha z e f ilt er ( Kodak Wrat t en Gelati n Filter 

HF-3 ) i s usually r eco~mended to r educe t h e 

excess bluishness caused by a tmospher ic haze , 

( Ea stman Kodak Co o, 1968 ). 

Black and white infra red. 

Colour infra red, or "fa ls e colour" . This is 

Kodak Ektachrome Infra Red Aero film, Type 

8443, unless stated otherwise. A yellow 

filter ( e.g. Kodak Wratten Filter No. 12 ) 

is a lwa ys used on the camera lens to absorb the 

blue r ad i a tion to whi ch a ll three l a yers of 

this film are sensitive. 
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The three layers of t he film a re sensitive to green, 

red and infra red light instea d of the u sual blue, green 

and red sensitivities of true colo ur film. Green, red 

and infra red light record a s bl ue, green a nd red respectively, 

( Allum 1970 )e Eastma n Kodak Co . ( 1968 ) sta te tha t wh en 

the film is processed, t he green s ensi t iv e l aye r is d eveloped 

to a yellow positive i mag e, t h e r ed sens itive l a yer to a 

ma gent a image , a n d the infra r e d s ensitive l ayer to a c ya n 

image. This combi na tion o f sens itiv ities a nd dyes pro -

duces colour photogra ph s in wh ic h t he colours a re f a ls e 

for most na tura l object s . Thus a kncwledg e of the infra 

red reflectivity o f the v a r ious objec t s photogr a ph ed is 

helpful i n interpreting res ults. 

Wa ter wh ich r e flects s om e g~ e en , but very little red 

a nd no infra red, a n d t hu s r ecords b l ue. Under some co ndi-

tions so little green is refle cted thn t wa ter appears b l a ck. 

Ch lor ophyll r e flects in f ra r ed l i ght. Thus gr e ~n f oliag e 

reflects muc h gre en and i nfr a red, but very li t tle re d 

ligh t an d t hus r e cords a s G mixt ur e of b lue and r ed ~ ( Allum 

1970 ) ~ 

Ma t eria ls such a.i: r oc ks r ecor d as blue-gr e en and re d 

mixed i n the s a me propor t ions a s they r e f :ect g r e en , r e d 

a nd infra red light re spec t ively . 

Ea c h of the f our f ilm t ypes has sp eci f ic a dva ntages 

a nd disa dvan t ages, depe nd i ng on t he use t h~y are putp 

Specifica tions a s to th~ ty pe of fi l m to bs use d are generally 

dependent on th e na ture of t he pr ob l em t o b e i n terpreted. 

Toda y in New Zea l a nd t h e grea ter proportion of a erial 

photography is carried out us ing the conventional black and 

white pa nchromatic aeria l film~ However, from the follow-

ing discussion it ma y seem t hat due to limit a tions of this 

film, other film types should be more widely used than they 

currently are . 



109 

Parry et al (1969a) report t ha t the human eye c an 

distinguish approximately 200 gradations on a neut r a l or 

grey scale , whereas it can differen tia te more t ha n 20 , 000 

hues and chromas . Th us the visua l contrast a va ilab le in 

colo ur phot o5 r aphy is consid er ab ly gr ea ter than tha t 

a vai l a ble i n panc hromatic photo g r aphy . Because colour 

is fun dam e n t a l to o ur per c ept ion , i t is a distinct adva nt 

a ge to have a colo ured i mage a s opposed t o a n achroma tic 

oneo Photoi n t e r preters, have , how ev er, bec ome so ac customed 

to working with b l a ck and white pho tos t ha t their opt ica l 

re flexes hn v e been conditione d to a utoma tic a lly trans l a te 

the va rious shades of g r ey i n to approxima tions of terra in 

de t a il, (Anson , 1970 ) . 

Parry..£!. a l ( 1969a ) found soil bo undar i es eas ier to 

iden tify and plot fro m colour pho to s . Further work , 

found colour to be super ior for identifying dif ferent tr ee 

spec ies, ( Do v ersp ike and Hel ler 1962 ; Sayn - Wittgenstein , 

1962; Parr y et a l --
tions , ( Schneider 

measurements ( Ray 

1969b ) j i n wa t er 

1968 ; Bay 1968 ) j 

and F ischer 1960 ) j 

resource investiga-

for g eomorpho logica l 

for i dent ifica tion 

of geolog ic fe a tures ( Fischer 1958 ) j and for agricultur

a l i nventor i es of crops and livestock ( Co lwell 1968 ) o 

A number of inves tiga tions of t h e r e l at ive merits of 

b l a ck and white versus co lo ur photography have been c a rri ed 

out . Reeves ( 1 970) expected to fi nd tha t colo~r film 

would c ut down production c osts an d offer superior ac cur-

a cy to b l a ck and white photography . He wa s unable to 

prov e conclusively t h e supe riority or e con omy of using 

e ither film i n prefer ence to the other . Co lo ur photogr aphy 

did cut d own pro duction time by t en percent. In the New 

Zea l and situa tion, how ev er, it would be t he costs of such 

an opera tion tha t would be prohib itive. 

Parker~ a l (1970) found t ha t sm all deta ils of 

landscape could be more quickly and eas ily r ec o gnized , a nd 

that flood boundaries could be dra wn in with greater ease, 

rapidity and confidence on colour photos tha n on black and 

whites. Carneggie and Reppert (1969) were even ab le to 
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detect soil surface disturba nce by ca ttle trampling on 

l arge sca le 70 mm aeri a l colour photography . 

Sorem (1967) collated a lot of genera l information 

and observa tions on colour a eria l ph otogra phy . He serious

ly considers using colo ur nega tive film for a ll phot ography . 

Indeed, bla ck and whites from colour negatives are of ex

c ellent qua lity a nd considered by many to be superior to 

conventional b l ack and white photogr a phy de&~itc the 

grea ter c ost involved. Th is is pa rtly due to t h e fac t 

th a t s hadow penetra tion is lost in pa nchroma tic photos 

bec a use of the mi nus blue filtr a tion required to eliminate 

hc. ze . It is t h is short wa v e l eng t h lig ht a t t he ~lue end 

of the spectrum which by virtue of its sca tteri ng , pro 

vides much of the illumina tion of s ha dowed a rea s . Using 

colour photos in conditions of s ha dow, good eva luation is 

still poss i ble , wherea s in panc hroma tic , considera b le de 

t a il i s lost. ( This wa s en countered wit h t he 35 mm colour 

photos used in the study , wh en compa ring t h em with the bla ck 

a nd whites ). 

Colwell ( 1965) concluded from a number of indep end

ent investiga tions, tha t pa nc hroma tic film ( with a minus 

blue filter ) wa s t h e best o f a ll film/filter combi na tions 

for genera l purpose use . For i n forrn a tion more readily 

discerna ble on ot h er film/filter combino. tions, it wa s felt 

justifinhle to fly specia l p ur pos e pho t ogr a phy as well. 

Genera lly, a erial photogr a phers seem to c on s ider t ha t t he 

adva nta ge s of colo ur photo gr ~phy do no t outweight the dis

a dva nt a ges of i ncr e~sed cost, desp i t e the convincing demon

stra tions t ha t colour d oes offer wort hwhi l e advan t ages 

over bla ck and whi te. 

(3) Panchromatic versus Bl ack a nd White Infra 

Red Imagery. 

Infra red pho togr aphy records r elative a bosorption 

of infra red sola r energy . Thus the warmer an ob ject is, 

the ligh ter it appears on t he i ma ge; t he cooler it is, the 
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darker the s hade. Thermal reflection is greater from 

vegetation than from ba re rock or damp soil wh~c h absorbs 

more a nd reflects less sola r energy , ( von Bandat 1968 ) . 

A number of compa ri s ons between black and white infra 

red imagery and pa n c hroma. tic photogra phs have been made . 

Steiner (1965) found tha t the infra red photos were superior 

for sepa r a ting vegetation species, identifying bodies of 

fres h wa ter a nd loc .. :ting f a llow ground . The panchromatic 

photos were, however, superior for loca ting moist depress 

ions in agr ic u lt ur al l :< i , for recognizing cultiva tion 

marks and dist i ngu is h ing differ enc e s in crop ma turity . 

Colwell (1965) found panchroma tic photos more effective 

for bringing out differences i n shadow density . Infra red 

photos ma de a ll shadows app ea r black . A partial remedy 

for t his problem is to t ake the photographs with a n overcast 

of clouds a t a higher a lti tud e to diffuse the ligh t 

sufficiently to so ftcn the shudows . This per mi ts gr e a ter 

det a il to be obtained even fro m t he sha ded parts . Infra 

re d pho to gr aphy is of c our se , superior to b l a ck and wh ite 

~anc hr omati c photography in tha t it c a n be t aken under 

cloudy con d itions. 

To its disa dvan t age , is t he f a ct tha t poorer resolution 

and t hus less tot a l deta il is a va ila ble , ( Cochrane , 1970 ) . 

Dr a inage networks a r e mor e readily delinea ted on infra 

re d phot os, ( Parry and Tur nc r , 1971 ) . The jet black 

appear an ce of water, even if only interm i ttently visible , 

as when over hung with vegetation or cont ained in a n arrow 

gully, is general ly of such high contrast to t h e ligh ter 

tone of the vegeta tion, that wa ter s tudies a r e greatly 

f a cilita ted, ( Colwell, 1965 Carneggie and Lauer , 1966; 

Parry and Turner, 1971 ). 

According to von Bandat (1968) infra red pho to graphy 

is o f definite advan t age in vegetative studies as a f a r 

g r eater r ang e of grey tones a rc ava ilable than with pan

chroma tic. NortlITop and Johns on (1970) in work concerned 

with identifying forest types, suggested t hat bla ck and 

white infra red phot ography was probably most suitab l e due 
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to its rela tively low cost as compared with colour films. 

Sha rpness of features is better on i n fr a r ed than panchrom

a tic; objects are bet~er defined and to na lity richer. 

Thus , b l ack and white infr2, red photo g-r a. phs have 

their s pecific uses , though like false colour and pan

c h r omatic , they a lso involve an inte~pretation step which 

i s eliminated wit h colour r·hot:ogra rhy as the eye is ab l e 

to recognize colours as the y rea lly a r ea Spurr (1960) 

notes t hat i nfr a red photo g raphy is primarily useful i n 

penetra ting light haze and for speciali zed photointerpreta

tion uses. 

( 4) Colou:..· Infra red Phot c_graph:y_ 

The currently used c olour infra r ed film 1 a lso re 

ferred to as 11 f a lse co lour 11 film, -. .;a.s origin a lly de v e loped 

to detect the pr esence or absence of ~hlo~ophy ll fo r 

mi lita r y purposes , ( i. e. camo uflag e detection ) and then 

appli ed to t he r ecogni tio n o f d i s ea sed or da maged foliage 

as evidenced by c h lorophyll deficiency. 

Nor mal c olour and in~ra re d colour photogra phy was 

used to detect crop d i seases , ( Coh1elL 1960 ; Philpot ts 

and Wa ll en , 1969; Wall en and Philuotts 1 1971 ) and other 

aspects of crop hea lth, ( CoJ_ve l l 7 ~950 ) . It is in the 

field of disea se identification that i~fra red colour 

phot ography has be en the subject of much cont roversy, 

( Benson a nd S i ms ! 1967 ; and CochraEe , 1968 ). On t h e 

f a lse colour film diseased o~ damag e d tissues show up as 

yellowi sh , straw c oloured , goldcn-b~own or silv er - grey as 

compared with t he p ink or r ed r::o lo111'.' of healthy tissues,, 

The contra st is t hus quit e marked ! ~hateve~ t he a ctual 

difference in colourc Tarkington a rd Sorcm (1963) re

port c h lorophyll deficiencies appeari ng as blue-green 

rather than ~raw-coloured. Oth9r s~ud ies r e f e rred to by 

Cochra ne (1968) h a ve a l s o shown a v a r iety of results. 

In a l a ter note , Benson and Sims (1970) aga in examine 

the confusion with regards to the behav~our of f a lse 

colour film. This prompted a s t a tem ent ba sed on Euro

pean experience, ( Hildebrandt and Kenneweg , 1970 ) who 
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r eport ed th~t the use of false colour fi l m has advantages 

for separating species in vegeta tion stands . Al s o it s 

use extends the numb er of days when weathe r conditions a re 

suitable f or photogr aphy o 

Cochr ane (1968) found th~ t ano the r a dvantage of 

f a lse colour is t ha t it rc·duces haze , g i v i ng better resolu

tion than the true col our i'ilmo Cther workers , ( e . g .. 

Fricke and Volgcr , 1965 ) clo.im t hc.. t the ut iliz:ltion or the 

i nfr a r ed zon e of the spectrum e i ves a~ essentia l i mprove

men t i n th e differenti a tion of the e nt ir e green zone a s 

compared to norr:K: l coloL.r fili:is . Th i s observa tion was 

v ery noticeab l e in the pr0seut Gtudy , and ma kes false 

colour fi l m of particuln r v~lue for v ege t a tive studies . 

Cochrane ( 19?0) used L~lsc;: colour film success f ully 

for veg etation studies in a wide r anEe of environments , 

i nc lu d .i.r1g New Zcnlnnd mixed pot1oc.<trp- broad leaf fores t s . 

Anson (1966) observed thnt discrimina tion between t re e and 

understorey layers is f~c ilitnled w.i.t h infra red colour as 

compa r ed wit h normal colour rhotography , rind that there was 

a grea t e r cont r ast bc twceP veg eta tion Rnd soi le Ac t ua l 

soil types a r e , howev0 r . more r eadi l y d istin gui shed with 

colour film . 

Thus , f a lse colour is prcbably of most v~lue when 

photographs a re req~ired und .. r conditions of pear visibility , 

for pl<1n t heal th studies "l.11d in .sepRra ting and ide utif;;· - ..is 
vege t a tive species . 

Ho wever , there a re a number of l i mitations involved 

with the us e of f a lse colour . Firstly , ther e is the 

compl ica tion of the unfamiliar c olours requiring a n inter

pr e t ation step . Cochrane (1968) poi nts out tha t panchro matic 

film a lso requires an i n terpr etation st e p , yet panchromatic 

is t he most widely used film for a erial photointerpreta tior. . 

Thus, in his opinion , t h i s disadvantage c a nnot be seriously 

c onsidered . 

Secondly , on age i ng , the fi lm und er goes c hanges in 

colour ba l ance if stored a t r oom tempera t ure . This effect 
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is partially reduced by refrige r a tion and practically 

elimina ted by stora ge in a freezer, Fritz, 1967 ) . 
Eastman Kodak Co. (1968) a l s o po i nt out th a t h igh 

t emper a ture and relative hum idity ar e d:~aging to a :l 

photograph i c films, bu t tha t colour films a re more 

seriously effected than bla ck and white films because 

of the hea t and mo ist ure af fectin g t h e three emulsion 

l ayers to d ifferen t degrees, thus crea ti ng a chang e in 

colo ur balance as well as a change in overa ll film speed 

and contrast .. Also , for optimum colour balan c e and to 

prov i de maximum det ectabi l ity for part ic ul a r applications, 

it ha s been found desir ab l e to t ake a series of ph oto

graphs i n wh ic h bot h the exposur e and the colour ba l anc e 

are va ri ed systemma tic a lly. Thus an exposure series is 

mad e to ob t a i n an a r ray of infra r ed colo ur pho t os , whic h 

can t hen be studied to fi nd 01,timum d i scrimi na ti on ., This 

depends partly on the subject ma tter. An exposure of 

t hree photogr aphs spaced a t ha lf stop i nter va l s usual ly 

suffices. ( Fritz 1967 ). This was found to be so in 

t he study . It was st i ll , h owever, d i ff ic ult to obtain 

transparencies of t he optimum contra sts required . Thus 

with infra red photogr aph y we have t he added complica tion 

of ha ving to store the f ilm in a freezer, and wasting film 

on tria l and error exposure se ttings; these two f a ctors 

serious ly limiti ng its ease of use . 

(5) Compa r a tiv e Stud i e s Usi ng Sever a l F ilm Type s 

Various compa r at iv e studies have been c a rried out 

using three or four differ en t film types . In one such 

study , Ans on (1966) estab lished t h e superiority of colour 

and co lour infra red for analys is of drainage, veget a tion 

soils and culture . Norma l colour was better than both 

panc hromn tic and infra red colour for mapping soils and 

land use . Colour in f r a red was s uperior to hath colour 

and panc hroma tic for mapping dra inage and vegeta tion . 

Vegetation species differ ences ure best observed on colour 

photographs , ( Sims and Benson 1966 ) as they can be 

directly r ecognized . On i n fra red colour the s ame trees 
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nec essita ted an in t erpr e t ation , as oppo sed t o direc t 

recogni tior.. . Th i s was a prob l em in the present study 

due to lack of experi(•nce wit h the fals~ colours , but 

r eadily reme d ied by fi0ld checks . Shadow penetr at i on 

3nd thus i nformation on the composi tion of the undcr 

stor~y nnd g round c ond i tions was muc h b e tter on t he 

c o l our photos , as compar ed with the b l ack and whi t e and 

i nfr a r ed . Thu s especiall y , if t h ~ i nterpr eter is a wa r e 

from past e x per i enc e or fi ~ ld inspection of t he photo 

a!Jp ea r ance o f the r anGe of species in an a r ea , a .natura l 

colour f ilm is of gr eat er v.:i luc than the false colour , 

or black and wh i te . 

Cochr ane (1970) beli eves tha t t he increase in costs 

us i nB col our or fa l se co l o ur film , i s mar & than offset 

b y the gr eater e a s e of i n t e1pre t at i on and the great e r in-

f o r mation t hus ob t aine d . Not only does c olour photo-

r;raphy enabl e one to interpret mo1·e cc:. t egor ics or classes 

than on compar ab l e pbnc hroma tic photography , hut much mor e 

deta il can be det ermin~d and more posi tive iden t ification 

of fcJ. tures made . 'l'onc a.ud textural differences are en-

hunced by colour vari~tions . Thus , colour photography 

clear ly diffe r entiates be t we e n tree and scrub cover . How

ev er , by us i ng suitable filters to emphas i ze the spectra l 

r egi ons wi th g r ea t est difference , and t o eliminat e a rea s 

of no difference, panchromatic pho t ogr aphs can be made jus t 

as us&fu l or mor e so . But Cochrane wonder s if t h i s is 

n ece s s a ry when t he r esul t s c an be more readily achiev e d 

fr om colour nnd fn l se colour photogr aphy . Fritz (1967) 
also r e fer s to t he t echni que of optimizing r equi r e d resu l t s 

by using panc hr oma ti c fi lm with various filt er s , and c on 

cludes t ha t b e tt er r esult s a rc a tta i nable us i ng colour 

i n fra red film, with much l ess bo t her. For geo log ic a l 

ph oto interpre t a tion it i s a l so po ssible t o design f ilm

filter s yst ems t o p ermit easy d i ff erentiation o f r ock 

types (Ra y a n d F ischer , 1960 ) . 

Work ha s been ca rried out by Duddek (1967) in order 

to become acqua inted with the va rious prob lems o f exposur e 

a nd process ing colour films . The grea ter i nformation c on-
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tent a s compared with black and white photos , offers 

obv ious a dva ntages, but there a r e a lso disadvantages. 

Exposure an d processing of colour films are more 

d iffic ult , cost of colour materials is greater, a nd re

quirements in terms of tim e and instruments are grea ter. 

But with colour negative film, there is t h e advantage 

tha t an y required filt erin g to a c h ieve t he correct colour 

balance , t a kes place in the l abora tory during processing, 

not during exposure . Also, exposure latitude ( !1 ~ s tops 

is grea ter than with colour i nfr a red or black and white. 

Either colour transparencies o n gl as s or film, b l a ck and 

white d i a positives, or bla ck an d wh ite prints c a n be pro

duced from colour negat ives, as well a s colour pr ints. 

The c ho ice of film still dep e nds on the project in hand , 

and recommenda tions are made ( Duddek, 1970 ). 

The expense o f infr~ red sy stems ie often mentioned 

as bei ng inhibitive. Estes (1966) however , notes the value 

of infra red in determini ng c er t a i n hydro logic an d geo log ic 

fe a ture s , a nd in mor e readily differentia ting c ert a i n types 

of vegeta tion . 

Trees with similar dens ity foliage , or scrub with 

similar texture, a re more read ily identified with colour 

film ( An son , 1966 ) . Forest spec ies co~position ( dis

criminating between conifers and ha rdwoo ds ) is more 

a ccura tely identified by infra r ed colour than any o ther 

film/filter combina tion ( Lauer, 1969 ) . Soils c lar a cter

istics, slope c ategories and dr a ina ge pa tterns a re a ll en

hanced by false colour, ( Vinogradov 1968; Kuhl 197ciand 

Fezer 1971 ) • 

More specific t ests using colour infra red an d 

norma l colour for use i n iden tifying soil types was carried 

out by Gerbermann ~ al (1971), on air dried soils. From 

optica l density measur ements, they found that soils of low 

chroma ( grey or neutral in colour ) were distinguished 

best with the false colour film, but soils of high chroma, 

were easiest distinguished with normal colour film. 
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A definite advant age of the colour infr a r ed f ilm 

is in l oca ting very sma l l seeps a nd spr i ngs a l ong t he 

banks of rivers ( Wood , 1972 ) and under condi tions of 

haze , such as are encountered when flying pho tography a t 

h igher a ltitudes , ( Pressma n , 1968 ; Eyre , 1971 ) . 

Conclusions tha t can be ma de in r espect to the r e 

l a tive mer i ts of t h e different film types , a re a s follows 

Colour infr a red photogra phy i s unexcel l ed for the 

discrimination of vegeta tiv e spec ies , a nd for t he identifica 

t i on and delineati0n of wa t c·r bodies and dra i nage pa tterns , 

and wet ground , and for d ifferen t i a ting ba re rock from 

v egeta tion cover ed ground , ( An son , 1968 ; Anson , 1970; 

a nd Allum, 1970 ) . Th i s wa s verified in t he present study. 

Na t ura l colour photo s a r e superio r t o colour i n fra 

red a nd pancb romo. tic photogr ,,phy for mc. pping c ulture , 

discr i mi nating soils and i denti fying crops . Also, co lour 

aeria l photog r aphy gives the in terpret e r mor e confidence 

in his decision~, permitti ng qu icker and clea r e r more 

pos itive i dentifica tion . 

Anson ( 1968) a l so conc l udes t ha t black and white 

pri n t s from co lour negatives ar e superior to t hose obta ined 

from panchr omatic fil m, even t h0ugh t hey a r e of less con

tra st , beca use t h e dif f e r en tiation of Lhe images a s o n t he 

colour prin t s is still evi d en t . 

N c.~t urally , the current f i c Jd k no; ·led ge of t h e a r ea 

being interpret ed gr eatly increases t h e acc ura cy of any 

l a nduse interpreta tions , and t h e i mpor tanc e of frequent 

field c hecks by the int er pret or , conditions permitt i ng , c a n 

not be over emphas ized ( Ol s en , 1967 ) . 

(6) Coc clusions 

Firstly , it can be seen tha t t he use o f colour 

a eria l photography is i ncreasing . Colour a dds i nnumerab l e 

tona l differences not detectable in t he s t andard black a nd 

whi t e photography , t hus grea tly increa sing the amount of 

i nformat i on that c a n be gained from a eria l photogr aphs . 
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In the past, for reasons both of cost and state of tech

nology , most aerial photography has been taken on panchrom

a tic film , and most prints have been made on a paper base. 

There is rea son to believe that more information 

can be obtained from infra red colour t han from true colour 

o r panchromatic photos . But , as seen , there are also 

reasons why they cannot be recom mend ed for general purpose 

photography . When infra red colour photos are first ob

served, the unfamili&rity of the colours is a great dis

a dvan tage, but wit h more exp erience with the film, the 

strange colourings may be found a t no disadvantage . Al

though infra red colour may ( and doe s ) a ctually record 

more informa tion, it does not necessarily result in a better 

interpreta tion because of t h e interpreter's l ac k of 

famili a rity. 

True colour photos , however , provide more 

rea listic colours. So , if true colour is to have any ad

van t age over other types of colour photos, the colours must 

be in ac cordance wit h the interpreter's pas t experience a t 

the objec ts themselves . If the pho tos reproduced the 

same colours that an observer in t he plane t aking the photo

graphs would see, then t he res ults would be regarded a s un

satisfactorily hazy , subdued and overblue . To a void this, 

a sel ection of filters must be used during printing. The 

so ca lled "true colours" a re thus t he arbitrary creation 

of the photogra phic process to a certa in extent . What is 

most important, however , is tha t the colours are consistent , 

and as reminiscent a s possible of the colours that would be 

seen from close quarters on the ground ( Allum, 1970 ). 

Another important point with regards to true and 

false colour photography is that colour changes and thus 

the related fine differentiations that can be made, a re 

only of va lue to the interpreter, if they are closely re-

lated to what he is looking at. If the colour variati on 

is virtually unrelated to his subject, then it will be a 

distraction rather than an aid to interpretation. For 

soil conservation purposes, however, the interpreter is 

interested in prRctically everything that he can interpret 
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from the photos, so t his i s n ot r eally a disadvantage . 

Howev er, if he was mer e l y i n t ere sted i n the ge ology of 

an a r ea , vegeta t ion effects on co l our photography can 

som e wha t hinder the int erpr e t a tio n of geolog ical subjects 

( Allum, 1970 ). 

The cost s of film and processing true and f a lse 

colour fi l m a r e co n siderab l y h i gher than t hos e of pan 

chroma tic. Final choice of t he t ype of phot ography to 

use for a particula r p roject can on ly b e made a fter much 

t hough t has been g iven as t o a ll t he uses to which the 

phot os a re t o be put. If genera l pur pos e phot ography is 

required , serious cons i de r a tion shoul d be g ive n to co lour 

negative pho togr aphy seeing t h i s prov i d es a wide c ho ice of 

pho tographic pri n ts a va ilable, and produces a b l a ck an d 

wh ite pri n t though t by many to be superior to panchro ma tic. 

Some worker s a dvoc a te t he use of simulta neous 

photogr aphy u s ing panchr omat ic, co l our, and infra red 

films, in order to obtain the advantage s of eac h , e . g & 

Lamboit (1970). Carneggie and Lauer ( 1966) found t ha t 

both infra re d and pan c hroma tic a re often necessa r y to de 

tect and i den tify a s many pastur e and r ange cond itions as 

possible. Wit h bot h types of film a va ilab le, overgr az ed, 

and tramp led a r eas, moisture conditions, a nd any str ~am 

bank eros i on , a re more ea sily i dentified. In t h e present 

investiga tion, having three film t ypes a va ilab le certain ly 

increa sed t he interpretive va lue. 

Thus, perhaps two or mor e different types of 

photos would be of grea test va lue for interpretation 

purposes, depending on the type of information required, but 

until colour photography becomes less costly to print, the 

conventional panchromatic black an d white photography will 

rema in the most popular for general purposes . 
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3.3 PHOTOGRAMMETRI C AND MORPHOMETRIC TECHNIQUES 

3.3.1. Ar ea l Ana l ysis 

Most textbooks dealing wit h photo-interpretation 

describe t h e methods of measuring a r ea from airphotos, 

e . g . Avery (1970) and Spurr 1960 . These n etboda include 

t he use of pla nimeters, transects and dot grids. Nay lor, 

(1956) used clear celluloid sheets on which he traced the 

boundaries of the a reas he re qu ired to measure , cut them 

out and wei ghed th em , with less opera tor stra in than the 

o ther methods. A very e a rly refer e nce to using the weight 

method t o determine areas , is that of Anon. (1937). 

Other papers of interest on the subject of measur

ing a r eas, include t hose of Abell (1939) ; Newman (1940); 

Brya n (1943) ; Aldrich (1955) ; Wood (1954) ; and Wilson 

(1968). 

Slope is gene r a lly t he main source of error in 

a rea measuremen t s on hilly countr y , a ccording to Spurr 

( 1960). But in a reas of low r e li e f , the sum of errors due 

to sc a l e , tilt , and slope should not a ffect a rea estima tes 

on aeri a l photo graphs by mor e t han five percent, providing 

t h e total va ria tion in e levation does not exceed thr ee 

percent of the flying he i ght . Unde r such circumstan ces , 

a reas may generally be me a sured directly on the photos . 

Mo essner, (1957) found tha t it wa s not worth while 

correcting for elevation differences whe n c a rryi ng out dot 

grid surveys, even though t h is has been a dvocated by other 

workers including Hartman (1947); Rogers (1 948 ); Wils on 

(1949); a nd Aldrich (1955). However, as stated by Avery 

(1970) the reliability of a rea l es tima t es made dir ectly from 

contact prints is a lso dependent on the precision with which 

photo scales a nd area conversion f a ctors are determined. 

He gives examples of the magnitude of the errors incurred, 

if new conversions are not computed for each significant 

variation in l and eleva tion. Thus, if large areas are to 

be measured, it is advisable to adjust for scale differences 

if elevation differences are significant. 

relief differences, this is n~t hecessary. 

In areas of low 
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Slope Analysis 

( 1) Contours and Formlines 

Avery (1970) de:i nes formlines as relative contours 

that are drawn from visual observa tions to show the general 

configuration of terra in; t hus t hey do not necessari l y re

present true elevations nor have a uniform contour interval. 

He describes an exercise on the method of constructing these. 

Spurr (1960) and Smith (1943) a lso describe the method of con

structing these with the a id of a few key elevation points 

and a stereometer. 

As well a s conventiona l contours, generalized con

tours can be drawn tangent to the existing contours on the 

interfluves. This often permits t h e initial form of ancient 

plateaus or terra ces preserved only in r emnan ts on ridge 

crests, to be reconstr uc ted, ( Miller, 1966 ). Contour 

lines can be used for determining the aspects of the diff

erent slopes over an area . Engla nd (1971) outlines a 

simple and useful method for quantifying slope aspect by 

projecting the normals to con tours, downslope to define 

the aspec t. 

( 2) Slope 

Quantitative slope analysis was dea lt wit h compre

hensively by Strahler (1956). He describes average slope 

maps such as those prepared by Raisz and Henry (1937) and 

Calef and Newcomb , (1953). The method for constructing 

these is also given by Miller (1966) after Wentworth 

(1930). Thoma n (1952) a lso describes a method for con

structing average slope maps . Calef (1950) uses Weutworth's 

method. Ri ch (1916) used a graphical method for determin

ing the a verage inclination of a land surface from a contour 

map. More recent attempts at measuring slope from con-

tour maps include those of Ollier a nd Thomasson (1957) and 

Park~~ (1971). 

Str ahler (1956) a lso discusses slope frequency dis

tribution, as it differs with differences of stage in the 
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geomorphic cycle of erosion of a region, a nd the wa ys of 

measuring it. 

The ab ove methods a re perhaps more morphometric 

th a n photogra mmetric. There are however, a lso numerous 

refer e nces in the litera ture to the measureme nt of terra in 

slopes directly from a erial photogr aphs, i ncluding Aposto lov 

and Gel'man (1965); Komarov and Pavlov (1964); Mekel !:.!. a l, 

( 1964); Hackman , ( 1956) ; a nd Howa rd ( 1968). 

A slightly different approa c h to t he ana lysis of 

surfa ce con figur a tion is t ha t of Wo lfanger (1941) . He 

uses quan titative graphic a l me thods to look a t t h e propor 

tions of ea ch gradient cla ss within a l and form t ype, a nd 

constructs a number of indices t ha t e nab le useful quantit a tive 

compa risons of different regions to b e made . These i nclude 

such calcula tions as Relief Index, ( t he a verage difference 

in relief over a g iven a r ea ), S t eepness Index an d indic es 

he c a lls Land for m Indices , Basa l Indices a nd Mean Landform 

Units. He a lso cln ri f i es and suggests s u it ab le terminology 

and classifica tion of l andfor ms. 

Ac cordi ng to t he Amer ic an Society of Photogramme try 

(1960) , t h e ab r uptnes s of the change of s lope be tw een gully 

sides and t he s urrounding ground is one of the surest in

dic a tors of soil textur e i n the Am erican situation . 

Gullies in gravels ha ve 11 V" slopes, ii1 silts , "U" slopes and 

those in cla ys , softly rounded f orms. The ero ding gullies 

in t he study area, a lthough rela tively eoa rse textured, are 

extremely steep in ma ny places. 

Cla rke a nd Orrell (1958) a ssess the reliability of 

a number of morphometric methods of anal ysis with special 

refere n ce to slope a nd a rea-a ltitude ana lysis, reviewing 

the work done on measuring a verage slope, since methods 

were first developed in the 1890s. Given reliable con

tours and intimate knowledge of the terrain, they consider 

the Ra isz and Henry method the most s a tisfactory for the 

analysis of slope. A further review and summary of the 

literature concerned with morphometric studies including 

a verage slope ang les, is that of Neuens chwander (1944). 
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(3) Profi les 

The significance of valley shape in transverse 

and longtit udinal profile, can be ob served from the con

struction of a number of profiles including stream profiles , 

valley cross profiles, crest-line profiles, projected pro-

file s and spur profiles. In the evolution of relief in 

the normal erosional cycle, the headwa rd and sideways ero

sion of streams extends its i n fluence so far that adjacent 

valley sys tems meet a t the divide and begin to destroy it 

when maturity is reached . Prior to maturity, the inter-

fluve ret a ins it s pr evio us form, a ltered only by weathering. 

Its relief may be r egarded as the survival from the previous 

cycle. 

As observed by t he Am erican Soc iety of Pho to

gr ammetry (1960), streams in f l a t c l ay or silty clay plains 

assume meander ing courses while st r eams on g ravelly soils a re 

nearly s tra i gh t. The t ha lweg of a river a s defined by 

Miller ( 1966) is the curve of the river from its source to 

its mouth , a profile along the valley f loor. Miller de

scribes the standard met hod fo r co ns truction of stream pro

files, which show at a glance the form of the curve o f the 

river. This may be the concave graded curve of maturity, 

or it may show breaks of slope which ma y be caused by a 

number of f a ctor s . Resis t an t rocks may interrupt the 

gradient; there may be diffferences i n tbe r a te of valley 

loweri ng due to change of rock type; glaciation may have 

created flattened reaches and even reversed slopes above a 

break in slope; rejuvenation may have caused the grading of 

curves a bove and below the "knick point" . 

This method usually yields best results in streams 

of intermediate size and in the tributaries of larger rivers . 

Miller stresses the fact that the reality of "knick points" 

must be checked in the field before being ae~epted and used 

in geomorphological a nalysis. Early conclusions drawn !rom 

the use of this method are given by Wooldridge and Kirkaldy 

( 1936) . 

The transverse section of a valley is also readily 
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able to be drawn as a profile. These c an be drawn a t 

int erva ls up a stream to a scert a i n how far a certa in form 

extendso Miller describes h ow the origina l valley cro s s

section c an be constructe d , and the old va lley floor 

a pproxima tely deducedo Thi s exerc i se could be use ful for 

determining th e am ount s of ma teria l removed from the valley 

over thi s time period. 

S i milar ly t he cre s t-line profiles can b e constructed . 

These can provide evi dence of the fo rmer erosion cyc les. 

Projected profiles g i ve a clearer v i ew of the cre s ts, more 

like tha t in a photogra p h . The me t h od of projected pro

files is o utlined by Miller (1966) a nd wa s used a o e arly 

a s 1920 , by Barrell, (1920) . By this method , Barrell 

was ab l e to project t h e sc a ttered roonants of ancient p ene

p l a ins i n to on e section, showing a ll visible summits. A 

furth er example of th e va lue of t his me t hod i s g iven in 

Miller (1937) . 

The amplit ude of r e li e f i s t he vert ica l d i s t ance 

between the va lley botto~ and t he hill crests , and c an be 

demonstr a t ed by comb i n i ng st r eam profiles an d c r es t-line 

pr ofiles on t he same g r n ph , as desc r ibed by Miller , (1966). 

The available r e li ef , i.e., the elevation of t he initia l 

s urfa ce a bove the b a se l evel , can also be mapp ed, ( Smi t h 

1935; Dury 1951; Johnson 1933; and Glock 1932 ) n 

Ava ilab le relief offer s a useful basis f or judgi ng the 

pr ogres s of landmass remov a l. 

(4) Hyps ometric, ( Ar ea - Alti tude ) Ana l ysis 

Aspects of hypsometric ana lysis of topography are 

dea lt with in detail by Strahler (1952), who found practical 

a pplications of this tec hn ique in hydrology , soil e rosion 

a nd sedimentation studies . Hypsometric analysis is the 

study of th e distribution of ground surface with respect 

to eleva tion. The simplest form of hypsometric curve is 

one on which 1he elevation is plotted against the area 

lying above a conto ur of giv en eleva t i ono This produces 

a cumulat ive curve, any point on which expresses the total 
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area lying above that plane. This has been used to show 

the presence of extensive summit flatness or terra cing 

where the surfaces lie ap~roximately horizonta l . Di 

mensionless parameters i ndependent of absolute sca le of 

topog r a phic fea tures make this sort of analysis more 

mea ningful and ab le t o be compa red with similar curves 

from other a r eas . Thus the proportion of total ba sin 

height is plotted agains t proportion of total basin a rea . 

This is the Clinographic Curve of Hanson- Lowe (1935) . 

The cha r acteristics of t he hypsometric curve are 

closely r elated to ground slope characteristics . Where 

the l and is not deeply dissected a nd where a l a rge propor

tion of the ground surfa ce has not been tr&nsformed i n to 

valley slopes the hypsometric curve will show most of the 

a rea a t a relatively hi gh a ltitude. Where erosion has 

proceeded somewhat mor e , a l arger portion ' of the curve wi ll 

encompass lower a ltitudes. Strahl e r (1952) d iscusses 

the meanings of the d iffe rent sha pes of curves tha t may 

be obta ined from different c a tc hments . He a lso relates 

hypsometric for ms to drai nage form s , such a s streain order s 

and leng ths . 

Miller (1966) outl i n es t he method of construction of 

t he a r ea- height and hypsometric curves . Various other 

workers have used hypsometric methods for drainage basin 

a na lysis , including Hollingworth (1938) ; Chorley and 

Morley (1959) ; Christofoletti ( 1970); and Pike and Wilson 

( 1 971) • 

Height Range dio grams are a lso usefu l in the 

i dentifica tion of past surfaces . The diagram is a method 

of reading the height affinities of mapped fragments of 

erosion surface and hence of determining denudation stages 

in a given area , ( Coleman , 1954 ) . Further information 

on the use of the Height-Range diagram is given by Miller 

(1955) , who considers the device as one that has its 

limitations and which is not without its dangers of mis

representation and risks of misuse . 

Altitude Frequency cur ves are also based on similar 

principles to the Height Range a nd Hypsometric cur ves , 



126 

na mely tha t hill- tops offer t he last r e fuge of vanishing 

r elief . A sta tis ti ca l count of the number of hill -tops 

i n ea ch a ltitude r ange may r eveal a preponderant frequency 

of c erta i n levels . This i n turn may g ive a c l ue to the 

presence of old terra ces . Miller (1966) describes the 

method o f construction of t hese curves . 

Dr a inage Analys is 

( 1) Dr ainage Pat terns 

A numb er of workers i nc lud i ng Smith (1943 ) ; Parvis 

(1950) ; Lueder ( 1 959) ; und Howe ( 1960) , hav e used aeria l 

p hotos for evalua ting d:~ainage patterns i n hydrolog ica l 

studies . There have been numerous studies c a rried out on 

the ana ly s i s of dra inage and t he significa nce of dr a inage 

pa tt er ns , e . g . Zernitz (1932) ; Horton (1932 , 1945) Dr a i n 

age dens ity has been the subject of a number of f urther 

studi es i nc l ud i ng t hose o f Trainer (1969) ; Wilson (1971) ; 

McCoy (1971); and El - Ashry (1971) . 

Although drainage patterns have been class ified 

i n t o a number of specific patterns , f r om wh i ch much can be 

inferred with regard to soil type, geo log ic structure , and 

r ain f a ll char acteristics , the var i ous types gr a de i n to one 

another and a re a l most i nfin itely variable ( Avery, 1970 ) . 

Thus , no single p a ttern appea r s to predominate , t hough 

Pa rvis (1950) quotes t he dendr itic pattern a s being the most 

comm on form of drainage type. 

Dr a inage pattern is l a r gely a f unction of the in

filtra tion-runoff r a tios of t he s oil in question. Re

l a tively i mpervious mat erials such a s clays and shales re

sist infiltration and promote runoff which erodes surface 

dra inageways crea ting a relatively dense drainage network. 

Relatively pervious materia ls such a s gravels and sand-

stones have a comparatively high infiltration capa city 

and will resist formation of surface dr a inageways. Thus 

generally a well developed dra inage pattern i mplies re

l a tively low infiltra tion a nd rela tively impervious materials . 
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Lack of surface drainage indicates high infiltration and 

general p erviousness . Lueder (1959) furt her discusses 

other implications tha t can be made from studies of 

drainage patterns , in detail. Similar comments are made 

by Smith (1943); Zinke (1960) ; Spurr ( 1960 ) and Fe ~ er 

( 1971 ) • 

(2) Dra inage Composition 

Horton (1932) developed the idea of drainage 

density, ( or texture ) i . e . the a verage leng t h of streams 

within the ba sin per unit area. Differences in drainage 

density are attributed to differences in relief, r a infa ll , 

infiltration capacity of th~ soil and resistance of t he 

soil surfa ce to erosion. 

The system of strea m ord~ring generally a ccepted 

is tha t of Horton , ( 1945 ). In f a ct , Horton' s laws of 

strea m leng ths and met h od of ordering a r e re f erred to by 

numerous subsequent worker s i ncluding , Smart (196 7 ) ; 

Scheidegger (1968 a , b , e nd c;) Li a o and Sc heid egger ( 19 69) ; 

Werner (1970) and Lewin (1970). 

The sma llest unbr a nched trib uta r i es are designated 

a s first order ; strea ms which r e ceiv e f irst order tribu

t a ries a nd these only , a re designa ted a s second order; 

third order strea ms receive second a nd first order strea ms 

a nd so on , until finally the ma i n stream is of the highest 

order . The significa nce of different proportions of 

different order streams in different wa tersheds is outlined 

by Horton (1945) . Miller (1966) describes a number of 

measurements tha t may be obtained from the ana lysis of 

drainage a nd their practical applications o 

A number of studies have been carried out observing 

the ~orphological cha racteristics of drainage basins and 

the differences i n drainage networks, e . g . Gage (1950) ; 

Gregory (1966) ; Selby (1967) ; a nd Schumm and Khan (1972) . 

Thus the significance of dra ina ge pattern a nd 

composition in hydrologica l studies is readily determined 

by photogr ammetric a nd morphometric studies o 
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(3) Headwa rd Gullying 

Headward gullying is not r ea lly a factor of drain-

a ge ana lysis but is most readily studied when measurements 

on t h e drainage network a re being made from aeria l photos. 

Gully boundaries a re ea sily delineated on a irpho to s , a nd 

the rela tive leng t hs a s a proportion of the to t a l drainage 

lengt h ca n be me a suredo Seginer (1966) observed that 

r ainfa ll characteristics , wa ter shed area, and soil cha r ac ter

istics are the main f a ctors a ffecting gully head movemento 

From qua ntit a tive da t a on the advancement of gully heads 

he wa s ab le to propose sta tistica l models to describe the 

a dva ncement of the gull i es e 

* * * ~ * * • * * * * * * * * * ~ * 
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CHAPTER FOUR 

FIELD AND LABORATORY T~CHNIQUES AND EQUIPMENT 

4.1 SEDIMENT rlND FLOW MEASUREMENTS 

4.1.1. Monthly Flow Rec ords 

The dry wea ther stream flow from each c a tchment 

was measured at the end of each month from Decembe~ 1 1971 

to December. 1972. 

Number 1 Catchment 

Dry weather flows over t he period ~d not exceed 

20 litres per minute. This permitted the flow to be direct-

ed over the top step of the concrete darn abou t 100 m upstream 

from the confluence of the two streams, ( Pla t e 4.1 )int o a 9 

litr e bucket and timed wit h a stop wa tc h . Flows in litres 

per minute wert then calcula ted from the average of thr ee 

repea ts. The flow was a llowed to stabi lize so that t h ree 

flows o f the same volume in the same time were obtained. 

Number 2 Ca tchment 

Dry weathe r flows r anged from 20 litres per 

minute to 150 litres per minute. The stream bed was 

sea led with a 5 m length of black polythene and the entire 
0 flow passed through a 90 ve e no tch cut in a plank S6t in 

plac e a cross the channel. The water wa s directed into a 

large pla stic conta ine r and timed with a stop watch. 

This volume was the n poured into the 9 litre bucket a nd 

measured. When the system had equilibrated three con-

secutive identical amounts were obtained and the flow in 

litres per minute calculated. 

Errors and limita tions of this method were as 

follows 



PLA E 4.1 

' J1 rnber 1 Gt l ly Flood lPvcl 

Recorder Showjng Bu i ld-up 

of Si lt a t t te Base afte r 

10/ 3/ 72 . 

PLATE 4.2 

Number 2 Gully Flood Level Recorder Looking Downstream. 



(1) Incompl ete capt u r e of tota l s t ream flow . 

This was manifest as a small trickle of 

water v~der the vee notch and was remedi ed 

by more thoroughl y seal ing off the poly

thene until the stream floor under the vec 

notch was completely dry . 

(2) The p~ocedure could be time consuming in 

that up to 15 t o 60 minutes might elapse 

before the flow had s~abilized to constant 

volurr.e . 

The main advantage of both systems of measurement 

was the i r simplicity. No sophis t icated equipment was 

needed. One p erson could usually carry out the measure -

ments by himself except for the higher flows . 

Each measuring site was selected by virtue of the 

relatively long straight stretch of channel , ( at least 

20 m ) extending immediately upstream . In the Number 1 

catchment , however, t he strea m changed its course in the 

channel during the study pe riod, such that the immediate 

upstream rea ch was not a strnight stretch of flow . The 

flow was at all time~ ~xc ept in flood event~ so sma ll 

that no other method of measuring the flow other than 

over the dam would hav e been feasible. 

Interflow and bn seflow were not measured, though 

in the case of the Number 1 catchment , these would have 

been most va luable as most of the flow pr obably occurred 

th r ough th~ deep lay~r of sand covering the aggraded 

channel o 

4.1 . 2 . Flood Flow Recor ds . -
An a tt empt was made to v i s i t the study a r ea each 

time s uffi c i ent ra i n fe l l to cause discolourat i on of the 

wa t e r i n the two s tr eams. As a r esult s ever al futile 

trips were made as the str eams rise and fall extremely 

r api dly. Conver sely , several flood events were missed 
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due to a variety of reasons. Ideally, measurements 

should have been taken a t given time intervals during 

the rise of each floo d event, a t the peak and as it fell. 

However , without automatic r ecording equipment this was 

extremely inconvenient and usually imposs i b le as the 

streams inva riably r ose at n i ght and were falling by 

the following morn in3 . 

Wher e possible, the flo od flows were measured a t 

the ir peaks and sediment samples collected. 

At t he onset of the s tudy : an inverted c up f l ood 

level recorder was installed at the measur ement s it e in 

each catchment ( P l ates 4 .1 and 4 . 2 ) . This enabled 

the maximum level to which flood water s rose to be re

corded. Ev en if the wa ter had evaporated from the 

rubber cups before the rec order was checked , the sediment 

l eft behind indica ted the max imum flood level . Ca re had 

to be taken to thoroughl y wash out any traces of the sedi 

ment load a fter examining the recorder, so that none was 

l eft behind to give a false r~ading for the next flood 

e v ent . 

The sediment loads were, however 1 so lar ge tha t in 

both catchments the bottom of the rec or~ers became silted 

up prev enting further entry of wa t er . I n th~ c ase of 

Number 2 Catchment , this buildup \~s easily dug away and 

r emov ed a fter each flood flow and did not r eally inhib it 

the functioning of the recorder to any degree , as the 

s ediment was deposited as t he flood waters we r e declininga 

In the c ase of the Number 1 Catchment , the fir st major 

flow c a used a buildup of 35 cm of sediment in the v icinity 

of the r ecorder a nd ca used the dry weather flow t o change 

its cou~se to the o t he r side of the wide aggr aded channel 

so tha t it no longer flowed a nywher e near the r ecorder 

except in the highest floo d flows. 

The obvious solution might initia lly a ppea r t o have 

been t o shift this r ecorder to th e opposite side of the 

channel so tha t it could continue to function. Howeve~, 

this was imprPctical as the bank immedia tely a bove the 
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dam on this side tended to drop a succession of small 

slips into the channel a t this point ( Plate 2.16 ). 

Also the wall of the dam was hard up against the gully 

side which would have presented difficulties in attach-

ing and stabilizing th~ recorder. Thus it was dug out 

and emptied of sediment, but rema ined non-functioning 

for the rest of the course of study as t he r e were in

sufficiently l a r ge flows for it to record. This 

illustra tes the limitations of this type of recorder 

under such conditions. 

The method of measuring the a ctua l flood flows 

was a s follows : 

The cross sections a t the point of measurement 

were measured a t the c ommen c ement of the study. This 

was the dam in Number 1 Catchment. This was uniform 

throughout the study period. The a ctua l channe l was 

measured in Number 2 Ca tchment and the cross section area 

calculated several times throughout 1972 in case the di

mensions should change. 

An average depth of f low was measured with a 

metre rul e . The heigh t which th e flood reached a t its 

maximum flow was measured from the flood level recorder 

on the next occasion a visit was made to th e study area. 

The velocity of flow was measured using floats 

( ping pong ba lls as t hese wer e easy t o see ) and a stop 

watch over a 10 or 20 m l ength of straight channe l. 

This measurement although subject to error~ 

required virtually no equipment, was simple and more 

accurate than merely estimating the flow by eye. Auto

matic r ecording gauges would not have functioned anyway, 

as the flow was so highly charged with sediment and usually 

not sufficiently deep, even during flood flows, in which 

to instail a gauge. 



4.1.3. Flood Sediment Collection and Analys is 

Sediment sampling was unable to be carried out in 

the conventional manner by suspending th e standar d bottle 

in the flow and sampling at different depths and different 

positions a cross the streamo The flood flows, especially 

in Number 1 ca tchment were of a shallow nature but spread 

out over a wide a r ea of streambed o Several containers 

were tested for uniformit y of sediment sample and a 500 ml 

graduated measuring cylinder used thereafter fo r the Number 

2 stream and a 100 ml graduated measuring cylinder used for 

the No . 1 stream. 

These were held in the stream to fill. 

samples were taken ac ro ss the width of flow o 

Four 

The samples were evaporated down over a bunsen 

burner, oven dried at 104° C for 24 hours and weighed tc 

obta in total sediment load o Mechanic a l ana lyses were 

carried out on each of the four samples according to the 

procedure outlined by Piper (1942) , and the percentages 

of coarse sand ( 2.0 - 0 . 2 mm ), fine sand ( 0 ~ 2 - 0 .02 mm), 

silt ( 0.02 - 0.002 mm ), and clay ( 0 .002 mm ) calculated. 

4.1.4. Rainfall Recor ds 

Ra infa ll measurements were reccrded ench morning at 

0900 hours by Mr. J.M. Passey on his property at the 

bottom of the study area . The altitude here was slightly 

lower than t hat at the confluenc e of the t~o streams, but 

the only feasible site for obtaining daily records. 

Idea lly, automatic r aingauges could have been insta lled 

at a number of sites over the study area but these were 

not available. However, a considerable variation of 

rainfall could be expect ed over the study area anyway, 

due to its diversity of altitudes and aspects. 

Rainfall figures were also available from Te Awa, 

the Fohangina Domain and Komako for compa rison with these 

figures for the period of the study. Longer term records 

were available from Te Awa, but as previously stated, this 

area lies on the opposite flank of the anticline and does 

not necessarily give values very representative of the 

study area. 
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4.1. 5. Ot her Measurements and Observations 

Gener a l observati ons were made eac l1 month of damngo 

c a used by stock in the gullies , changes wrought by flood 

events a nd t he s t ate of ea c h stream channel~ 
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4.2 COMPAR I SON OF DIFFERENT FILM TYPES 

parison. 

The following film types were used in the com-

(1) Kodachrome 35 mm slides taken from the 

a ir. 

( 2) I nfr a r ed slides t aken from t he air. 

(3 ) Bl a ck and white photographs taken wit h a 

Linhof Aero Tec hn ika c a mera with UV filter 

and 135 mm l ens on HP4 Ilford film with 

10 . 2 x 12 . 7 cm n;gatives . The contact 

prints wer e en l a r ged to whatever size 

required and t he observa ti on s and mea sure

ments t aken fro m these . 

These phot ogr aphs w~r e a ll taken by Mr. D. G. 

Bow l er, Departmen t of So il Scien c e , Ma ssey Un iv ersity 

during a number o f flights over t h e study catchments. 

The Koda chrome and infra r e d slides were able to 

be pr ojec ted s ide by side on t o a s cr een f or visua l c om

parison . A number of gener a l ob s erva t ions were made and 

the merits of ea c h type of fi l m a re outlined in the r e 

sults wit h their applica tions t o certain probl ems and r e 

ferences t o the f a ctors a ffect ing int erpr etab ility. 

* * • * ~ * * * * * * * 
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The following equipment was used to analyse and 

interpret the above air photos 

(1) Pocket Casella lens ster eoscoie for rapid 

observations of general purposes . 

(2) Casella mirror stereoscope with attached 

light, for all measurements done under 

stereo. 

(3) Stereometer for measuring differential 

parallax for sub~tit ution i n th e parallax 

for mu l a for determining the relative 

heights of obj 8cts a s required when con

structing formlines contours ) for the 

study area . ( See Avery (1970) for method 

of us i ng stereometer ). A rarallax wedge 

could have been just a s easi ly used with a 

compar ab le degree of accur a cy. This de

vice is far less ex~ensive t han the stereo

meter, but t h e l a tter was used (a) because 

it was avai l able , (b) due to persona l ~re

ference and ( c) because the mirr or stereo

sco p e wa s used for a ll measurements and a 

par a llax wedge can only be used under a 

lens ster e oscope. 

(4) A number of tra nsparent celluloid aids such 

as the Dot Grid wit h 256 dots per square 

inch, pho to a lignment guides and t ab les 

showing circles of g iven diame ter were used 

in the study. 

(5) Map wheel for measuring distances on the 

photos. 

It is suggested that for further sim~licity, the 

lens stereoscope could have substituted for the mirror 

stereoscope thus dispens ing with the stereometer. How

ever, where the more expensive equipment is available, 

it permits more rapid measurements and is less tedious 

and easier on the eyes. 
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4.3.1. Areal Analysis 

There a re numerous methods of measuring a reas from 

aerial photographs and maps. It is often pointed out 

tha t aerial photos a re not maps and that point loca tions 

a re subject to displacement in areas o f high relief. 

High points , being nea rer the camera , pho tograph larger. 

Thus the scale varies within the ~ho togra~h . In the 

study a rea there was a range in a ltitude of about 240 m 

( i.e. 8 00 ft. ) from a ltitudes of 120 m to 370 m ( i.e. 

400 ft to 1200 ft ). Thus t he question of correcting 

for scale when c a lcula ting for a ream- ose. If these 

measurements a nd techniques a re to be used more generally 

by people in the field of Soil Conservation and a llied 

work, then the y must be as simple and as r apid as possible. 

Correcting f or a ltitudina l differ e nces makes the measure

ments considerab ly more time consuming and adds a~preciably 

to the cost of th e exercise. 

Work done by Moessner (1957) on a rea es tima tes on 

aerial photos using t he dot sampling method, concluded 

tha t it was not worthwhile to c orrect th e dot sampling 

da t a for changes due to elevation differ ences. Thus in 

the following estimates of a rea th~ a verag e elevation over 

the c a tchments has been taken as 240 m (800 ft.). The 

scale of the photos has been c a lculated from this he i gh t. 
f 

( R.F. = if"==I h = 240 m wher e H is the he i gh t of the 

aircraft a bove da tum, i.e. flying height; h is the loc a l 

relief; f is the foc a l length of t he camera; and R.F. 

the Repr esentative fr a ction, or sca le ). 

However h c ould be corrected for by t a king the pro

portion of total area falling b e tween the different contour 

lines and working out the scale for each section, if this 

was so desired. 

(1) Total Area 

A comparison of the following methods of cal

culating area was made, with regard for accuracy, time and 

simplicity. 
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(a) Use of Automatic Area Meter, ( ma de by 

the Hayashi Denko Co. Ltd., Tokyo ). 

Th e 1:16,300 scnle photos of the study 

area (1958 to 1966 enla rgements) were 

set up in stereo under the mirror stereo

scope a nd t he watershed b ounda ries tra ced 

out on t o a celluloid overlay wit h a fine 

ti p ped felt pen. These were th e n tra ns-

ferred ont o gr a ph ~aper and t h e study 

area s c u t out wit h a pa ir of fin e tip~ed 

dissecting scissors. These c a tchment 

shapes wer e t hen put through the Area 

Meter whi c h rea d o ut the a r ea i n s q ua re 

cm. This ma c h i n e ( owned b y the Agronomy 

De ~artment, Massey University, ) is 

commo n l y used for me asuri ng pl an t l ea f 

a rea s an d tends t o ov ere s tima te a rea s if 

the belt i s dirty. 

( b) Wei g ht Prof ortion Met ho d. 

Th e celluloid overlay fro m t he a bove 

method wa s cut out and ~eighed. The 

wei gh t o f a k no wn a r ea o f celluloid ena bled 

the a r ea o f t he c a tc hme nts to be worked out. 

This metho d ha s b een used f or ma ny years for 

determi n i ng a r eas fro m a eri a l pho t ographs 

e.g. Anon , (1937). 

(c) The graph paper tem~lates from method 

were taken a nd the ar eas of the study 

c a tchments calculated from the number of 

squa res of gra~h paper they covered. 

(d) P l a nimeter Method. 

The areas were measured directly from the 

photo using the p lanimeter. 

(e) Dot grid Method. 

A celluloid dot grid overlay with 250 dots 

per square inch ( metric grids not being 
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available ) was placed over the rhoto and the 

dots tallied for each a r ea . Positioning bi8s 

was avoided by a ligning the grid with the fidu-

cial marks on the pho t o . This exercise wa s 

carried out in stereo or else the boundaries of 

t he study a rea were first marked on the photo 

under stereo. 

(2) Area s of Erosion an d Regenera!!on in Sequential 

Aiq .1hotos. 

It was felt that a quantitative measure of the 

a ctual area of the study c a tchments effected by erosion in 

the different yea rs would show just how serious and extens-

ive this ~roblem was becoming. Erosion was first widely 

recognized as a s e rious threat in the mid 1930s, but the 

earliest ava ilab le ~hotos are those t aken in October 1946. 

The 1958, 1966 and 1972 ~ho tos follow the pa ttern of erosion 

through to the present . Simila rly, quantitative measures 

of the amoun t of bush a nd scrub regenera tion and thus the 

loss of pas tur e c ould be made on the sequenc e of photos , 

wi t h t he a i m of correl 'l ting changes i n erosion with changes 

in veget a tive cover. 

There are several simrle methods of measuring 

small irregular a rea s. The Dot Grid method as described 

in (1) (e) was used as was t he Line Transect method. 

This latter technique involved the use of a celluloid over-

lay ruled up in lines 0.1 inches apart . Knowing the total 

area of the catchments, the proportion of t he area occupied 

by scrub and bush and by erosion could be calculated from 

the formula 

a/A = t/T ( where a is the area of 

regeneration or erosion~ 

A is the total area; 

t is the sum of th e lengths of 

transects over a; and 

T is the total sum of the 

transects i.e. the total lengths 

of the linee over th~_ total area. ) 
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For the 1972 photos with the larger scale, the 

width a~art of the line transects was increased to 0.2 

inches. 

There are numerous references in the litera ture to 

both these methods including Avery (1970) and Spurr (1960). 

(3) Analysis of Subwatershedso 

The boundar i es of the subwatersheds making up each 

wat ershed and the inter-wa t ershed a r eas are more acc ura tely 

delinea t ed under stereo than by merely looking at the 

~hotograph. To c om~are the patterns of sub and inter

watershed a r eas over the two catchments, these were traced 

onto t he transpa rent a ceta te ~aper under stereo and the 

areas of each c a lculated using the Dot Grid method. 

4.3o2. Slope Analysis. 

(1) Construction o f Formlines. 

The grea t e r the number of cont our lines on a 

map and tht closer they are together, t he steeper 

the slope. A maasur cment of t he numbe r of contours 

per unit distance provides a measure of the general 

slope. Because the study a rea was so dissected, 

and the N.Z.M . S . 1:63,360 ( 1 inch to 1 mile ) map 

of too smal l a scale foraccurate measurements from 

the contours, it was decided to construct contours 

over the two c a tchments by the method of formlining. 

"Formlines" are defined a s relative contours that 

are drawn from visua l observa tion to show the gener

al configura tion of t he terra in, ( Avery, 1970 ). 

These wer e constructed befor e t he enlargements {o 

1:16,300 of the 1958 and 1966 photos were available and 

were thus drawn from the total of six stereo pairs mak

ing up the study a rea on the 1946 photos. This meant 

contouring ea ch piec e of ~hoto and then shifting it and 

joining it up with the contours dra wn on the next piece 

of photo. Irregularities in flight line and scale, 
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and con tinua lly lifting the st er come t er onto the next 

stereo ~a ir ~r educed a degr ee o f error in the final 

product. 

Severa l excursions wer ~ made up to t he study 

a rea wit h an altimeter to measure a number of heights 

a l ong t he ridges a nd in the gully fl oors f o r refer•nce 

heights and as a c heck on the ca lcula tions ~ f differen-

tial par a lla x. The a verage fho to b a se and flying 

height of the stereo ~a irs we r e determine d for ob t a ining 

pa r a lla x c onversions . This enabled 50 fo ot con tour in-

terva ls t o be esta blished. 

As t he ster eome t er ba r tra ced r ound a g iven 

contour line t h is was drawn in wi t h a fi ne f e lt tip~ed 

~en on a trans paren t over l ay . This wa s easier t han 

dr a wi ng in a series o f dots and joining t hem up l a ter. 

On the com pleti on o f one co n tour line, t h e stereometer 

bar wa s set on the rea di ng calcula ted for t he next con

tour interva l. 

(2) Determination o f Average Sl ope 

Several met hods exist for measuring t h e 

general slop e of an a rea . The me t h od used in 

this study is t hat described by Miller (1966) 
a fter Wen twort h (1930). This simply i nvolves 

p l a cing a grid over t he co ntoured a rea and 

counting t h e number of times the grid lines 

cross each contour line. 

Each slop e can a lso be measured individually if 

so desired. This involves measuring the parallax differ-

ence between the top and bottom of the slope to determine 

the difference in elevation and then measuri ng the horiz

onta l distance between the to p and bottom of the slope. 

Slope percent can then be com puted from the trigonometri

c a l ratio 

Sin Angle (%) = 
Opposite side 

Hypoteneuse = Elevation 
Slope length 

( See Moessner and Choate, 1966 ) 
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On such a dissected area as the study catchments, 

there was such a large diversity of sbpe and such a large 

number of short slope s that this method was not practical. 

(3) Construction of Generalized Contours 

The initial form of a plat eau or terrace can often 

be reconstructed by drawing generalizbd contours tangent to 

the existing contours on the interfluves. Miller (1966) 

describes the method used for constructing these generalized 

contoursc This involved the use of the contour map in 

conjunction with a traci ng of the ridges and spurs over the 

study area . 

(4) Stream Profiles 

These were constructed according to the method of 

Miller (1966). Points plotted were based on altitude 

rea dings t a ken along the bottom of each gully , rather than 

levels interpreted from t he photographs. 

(5) Valley Cross Profiles 

The limitations i n constructing these as described 

by Miller (1966) were experienced. The valley sides were 

too steep for the separation of the 50 foot contour lines 

and 25 foot contours were impossible to draw. This pre-

vented accurate reconstruction of the former stream profile 

from the transverse profiles. Had this been possible over 

suf ficient length of channel, then the gross amount of 

material removed from the gully since the time of the 

original str eam profile could have b een calculated. The 

valley sides were also too steep to permit differences in 

valley cross profiles in the sequential photos to be de-

termined. Had this been possible it would have bee' 

feasible to have calculated the volume of substrata remov

ed from the gullies since 1946. Stream profiles for 1946, 
1958, 1966 and 1972 could then have been constructed and 

the differences observedG 



(6) Crest-line Profiles 

These wer e constructed according to the method of 

Miller (1966) and plotted with the stream profiles to give 

an indication of the amplitude of relief. 

(?) Projected Profiles 

The cr es t-line profiles were foreshortened onto a 

stra ight line runni ng parallel to the main direction of the 

divide to reproduce a vi ew of the crest-line much as a 

c am era might show, ( Miller , 1966 ). The three crest

lines from the study a rea- i.e. the western and eastern 

bounda ries of t he watersheds and the boundary between the 

two study c a tchments, wer ~ projected in turn from the 

foreground on the eastern side towards the background to 

reproduce a panorama of crests, i.e~ multiple projected 

profiles. This method of constructing projected profiles 

is a lso outlined by various workers a s far back as Barrell 

(1920). 

(8) Construction of Area -Height and Hypsometric 

Curves 

A number of workers have looked at the altitudinal 

distribution of area over watersheds including Wright and 

Koutsos (1969). The area height curve shows the pro-

portion of l a nd in a given area at each altitude, i.e. 

between each pair of adjacent contours. According to 

Miller (1966) the area-height curve will often provide 

the evidence for important conclusions on physiographic 

history . He suggests a Line Transect method of sampling 

for the different areas between the contours. In prac

tice the Dot Grid method of estimating areas was found to 

be more satisfactory and the actual areas were plotted 

against altitude. 

The hypsometric curve expresses the total area above 

each altitude. Thus the summed areas were plotted 

against altitude to give a curve that reflects the mean 
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slope over the whole area at each height. 

(9) Quantitative Slope Aspect Determination 

Normals to contours projected downslope define the 

aspect of a slope. Values for aspect can be determined 

by point sampling on regular or random coordinates of a 

fixed grid placed over the contoured area. If the map 

is a ligned east-west the aspects can be identified as 

follows. Horizontal tangents to contours which are con

cave upwa rd identify north aspects; concave dowc: ntrds 

are south aspects. Vertical tangents to contours concave 

to the right identify east aspects; those concave left 

are west a spects. This method is further elaborated by 

England (1971). These aspect classes can then be plotted 

on the outline of the area. The dissected nature of the 

study area and difficulty of constructing contour lines 

closer than 50 feet make this method of doubtful value 

for the two catchments. However, it could be most valuab le 

in oth~r situations and is simple to carry out where the 

countryside is not too dissected. 

* ** * * * * * * * * * * 
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4.3.3. Drainage Analysis 

(1) Pattern o f Dr a inage . 

The dra inage ~nttern of the two study 

c a tchments was tra ced onto a trans~arent overla y from the 

1:16,300 photo s under stereo . The surrounding draina ge 

network betwe en the Pohangina a nd Oroua Rivers was a lso 

tra ced off in like manner from t he 1:64,400 pho tos. 

'I'his enab led a classifica tion of the natura l dra inage 

~attern t c be made . 

(2) lU,.drogra~hic Ne twork a nd Texture of 

Dissection. 

A s ou tlined by Miller (1966) a number of 

various mea sures can be made on t he dra inage system once 

t h e pa tt ern has been tro ccd ou t . These include the 

l eng t h of wa tercourses rc r unit a r 0a , the number of streams 

i.,cr un it a r ea , n.ncl t h"' nu;:;b'-' r o f confluences p<:r unit ~rea. 

The r a ti o water leng t h / a rea ( dra i nage density may be 

used a s an index of t h e texture of dr3inage . If the 

t o t c. l length o f the va lleys an d wa ter c hann els wet or 

dry, a r e measured, then the r a tio tot e l va lley leng th/ 

a r ea c a n be used as an index of t he texture of dissection. 

Thus assuming tha t the va lleys were n ll cut by wa ter a t 

some time, the index tot a l va lley length/wa ter length 

g ives a mea sure of the decli n e of the water table- i.e. 

a n index of the degree of drying up . The ratio of 

the tota l length of tributa ri e s to the length of trunk 

may reflect the geological texture of the rocks or sub

stra t a over which t h e wa ter flows. 

(3) Channel Orders. 

Using the stream ordering system of 

Horton (1945) and Strahler (1957) the streams were 

labelled from first to fourth order and the following 

measures carried out for eac h order number of streams 

were recorded; average stream length; length of chann

el per hectare; and number of c hannels per hectare. 
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(4) Headward Gully Movement. 

The difference in headward gully move

ment could be determined from the 1958 and 1966 photos, 

by tra cing off the dra inage pattern onto a transparent 

overla y and marking in the extent of the active gullying. 

Due to the different fli gh t lines of these two sets of 

photos, and the different c a sting of shadows in the 

gullies some inaccuracies were involved in this measure. 

The gullying a s a percentage of the total length of 

drainage could be c a lcula ted a nd com}ared for the two 

different years. 

* * * * * * * * * * * * 
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CHAPTER FIVE 

RESULTS 

5.1 SEDIMENT AND FLOW MEASUREMENTS 

5.1.1. Mont h ly Flow Records 

Figure 5.1 shows t h e means of the month ly dry 

weather flows determined for each c a tchment . A Table of 

the a ctual measurements is ~iven Appendix VII. 

The flows for the bad ly eroding Number 1 Catch-

ment were extremc~y low and relatively uniform throughout 

the year, with flows under 10 l/min for th e months December 

to February and from October to December , 1972~ The maximum 

flow r ecor ded was 18o2 l/min a t the end of May ; the mini

mum flow, 2.3 l/min in Decemb er, 1972 . 

The flows in the Number 2 Catchment were in the 

order of 5 to 8 times greater tha n those for Number 1, 

rea c h ing a maximum of 150 l/min i n May and dropping to a 

minimum of 18 l/min in De cemb er , 1972. 

F loo d Flow Rec ords 

These are g iven Table IV. 

When the dry weather readings were taken at the 

end of t he month, the flood level recorders were checked 

to see whether the floods earlier in the month had risen 

to levels higher than previously recorded. Thus it was 

determined whether in fact the flood at the time of sampl

ing was rising or falling. 

The float method of measuring velocity was more 

accurate in Number 2 c a tchment than in Number 1 catchment, 

because of the relatively uniform straight stretch of 

chann e l directly above the sampling site. In number 1 

catchment however, although the channel itself was re

latively straight, the actual flow as it approached the 
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concrete dam was invar i ab ly affected by debris in such a 

way that the flow was ex tr eme ly turbulent and erra tic. 

Gener a lly it was concentrated i n a smaller width than the 

cross section of t he dam and wes of va r ying depths. Thus 

an alternative method of measuring velocity would have been 

desira bleo 

Rainfall 
(mm) 

Day 1/Da y 2 : 

Measured Flood Flows 

No. 1 Ca t chment No. 2 Catchment 

Flood 
Dep th 

(cm) : 

Velocit y 
of F low 

( n, /sec) : 

Discharge Flood 
Depth 

( l/min.): (cm) : 

Velocity 
of Flow 

(m/scc) : 

Disch.trge 

(l/min) : 

March 10/11 26 
(risi ng -
a l most a t 

90 12 . 7 2 1 1 51 G 1.6c 48 , ooo 

pea k) 

~'iay 14 
(falling) 

June 15/16 
(fall ing) 

July 17/18 
(rising) 

5 0 

5 

20 

5 

23 

* 

0~91'+ 24 ' 130 

1'050 

35.6 
(b) 

11.4 

1.385 

1'770 

34,080 

3, 060 

* Discha rge measured by t he method used for dry wea th er flows 

**Equivalent depth a cro ss channel - i. e . flow not full widt h due to debris. 

Number 1 Ca tchment : Chan nel a t mea surement site recta ngular 3.15 m 

----------
Number 2 Catchment 

a cross. 

Cha nnel at measurement site recta ngular, a t 
depths l es s than 15 cm; c a lcula ted a s trape 
zoidal at depths greater than 15 cm and subject 
to discr epancies. The width of top surface 
of wa ter wa s measured in these situations. 

(a) Width of flow 1.68 m 

(b) Width of flow 1.56 m 



TABLE V 

Month 

28/1 

28/2 

28/3 

28/4 

28/5 

28/6 

17/17 

28/7 

28/8 

28/9 

28/10 

28/1 1 

28/12 
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Similarly, the depth across the da m cros s section 

was not always uniform due to flood d ebris and deposition 

of silt and f urther debris in the channel beside the flood 

level recorder . 

Thus , these flood flow s a r e guides only to t he volume 

of wa ter tha t may r esult from the two catchments during 

flood events . No correlations c an be ma de r ela ti ng discharge 

in volume per un it time, to velocity , r a i nfall pr eceding the 

event , or sediment load , se e ing the measurements and samples 

were a ll t a ke n a t different s t ages of the hydrograph . The 

flows illustrate t he higher discharges produced by Number 2 

cat c hmen t a t a ll times . These results are given Table V. 

Monthll Water Dept h Maxima and Silt Deposition i n 

Number 2 Catchment from Flood Eve nts . 

-- ----- ----
Pr evious Maxi- Depth of Ma ximum Ma ximum depth 
mum Rainfall Silt de- Wa t er height mid channel 
(mm) 2 - day posited a t recorder 
tota l ( cm) . (cm) ( cm ) . 

36 nil 22 . 9 33. 2 

26 nil 17. 8 25 . 8 

•11 6 7 . l 30. 5 44 . 4 

37 nil 20. 3 29. 4 

* 30 7. 6 22 . 9 33. 2 

55 nil 25 . 4 36 . 8 

* 28 8 . 9 25 . 4 36. 8 

• 28 16.5 27 . 9 40. 6 

• 18 7 .8 17 . 8 25 . 8 

• 15 7 . 0 22 . 9 33 . 2 

• 24 1 2 . 7 22. 9 33. 2 

8 nil nil 

18 nil nil 

• Ra infa lls f r om which Figure 5 . 3 was derived . 
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Figure 5.2 shows the relationship between measured wa ter 

depth and discharge for Numb er 2 Catchment. From the 

equation for this line, the discha r ges for the maximum 

wa ter heights a t the r ec ord er can be calculated. This is 

the only correla tio n tha t c a n be made. Appendix VIII 

gives the discharges for the ma ximum recorded levels. 

Figure 5.3 shows that there is no r elationship between 

the depth of sediment deposited a t the record er, and the 

predisposing r ainfa ll. 

No te: Wher e depth of silt deposited is r ecorded a s 

"nil", t h is does not necessarily mean that no silt 

built up as a result of the stated maxim um pr ece ding 

r a infa ll. On some occ a sions the silt wa s washed away 

before it could be measured. 

Flood Sediment Analys is 

I 

I 
Table VI gi v es the sediment loads measured 

from flood events. 

---- ___ j 
TABLE VI Sediment Loads 

NO . 1 CATCHMENT 

Date 
of 
Flood: 

Measured Load Load Instant-
Discharge aneous 
(l/min.): (g/l): (Kg/min.):Equiva-

10/3/72 21,510 185.8 
(rising) 

14/5/72 55 3.4 
(falling) 

15/6/72 21,130 198.0 
( fallir:g) 

17/7/72 1,050 15.5 
(rising) 

4,ooo 

' .. · e.185 

4,780 

16.3 

l ent 
Erosion 
Rate 
(Kg/ha /hr): 

1,000 

. 0. 05 

1, 195 

4.08 

~0. 2 CATCHMENT 

Meu sured Load Loa d Instant-
Disc harge aneous 
(l/min.J : (g/l):(kg/ha/h~:Equiva-

48,ooo 16.3 

1,770 o.4 

34' 080 20.5 

3,061 15.1 

783 

\.. 0.?44 

699 

•46.3 

lent 
Erosion 
Rate 
(Kg/ha/hr 

235 

. 0.-22 

209.7 ' 

13.~ 

• The figure for the Number 2 tatphment sediment load is disproportion

ately large due to a slip falling into the stream, several hundred 

metres upstr eam from the point of measurement. 

I 



FIGURE 5.2 RELATIONSHIP BETWEEN RECORDED WATER 

DEPTH AND DISCHARGE FOR NUMBER 2 CATCHMENT 

(APPEN D IX VI I I ) 
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• (TABLE VI 

correlation coefficient r ~ 0.17 

(Amount of rainfall is not related to the resultant 

amount of sediment deposited at the si des of the cha nnel) 

• • • 
• 

• • 

7 9 11 13 15 17 

DEPTH OF SEDIMENT (cm) 
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These figur es give an indicat ion of the order of magn i tude 

of the sediment loads that a re c a rr ied by the two str eams 

in times of flood . fhese loads may only be c~r~iod for a 

very short peri od of time, as the streams rise and fall 

extremely r apidlyo Never thcJ css , loads in the order of 

4 , 000 kg/minute for the Numbc1· ~ s tream <:md 700 kg/minute 

for the Number 2 stream , even fo~ n very short time a re 

contr ibuting enormouc quant itico of sediment t o ~he r iver 

sys t em . 

Appendix IX (1) gives the r nw da t a ( means and 

s t andard errors ) for the dat~ on Table VI~ The standard 

errors a re gcne~ally very small ~ 

samples t ak en were v ery uniform. 

This shows that ~he four 

Thus, the simple sampling 

me t hod gave relatively ac curn~ e r esultc, 

The results of t he mechanical ana l yses perform

ed on t he sediment camples a~e given Table VII . 

TABLE VII Particle Size Distribution in Flood Sed i ment Loads 

Date of 
flood Event : 

NO. 1 CATCHMEN'l' 

10/3/72 : 15/6/72 : 1 7/7/72 
-------,---- - -- -% 

NO . 2 CnTCHMENT 

10/3/72 : 15/G/72 : 17/7/72 
------- -ol 

CLAY 
0 . 002 mm 14 . 1 

SILT 

0 . 02- 0 . 002n:r:n 8 . 2 

FINE SAND 
0 . 2 - 0 . 02 mm 80. 3 

COARSE SAND 

2 . 0 - 0 . 2 

4. 2 

1 ~ 4 

10 .. 2 

/0 

---·--- ----

12~1 1'+'7 

14 ., 1 

79,.6 

3. 9 0..,2 

• An extremely h i gh p ercentage of c l ay was obtained from the 17/7 
flood samples due to the l a r ge amount of topsoil in the slip tha t 
tempora rily blocked t h e channel a fetv hundred met:res fr om the re
cording si t e o The colour of the t·:a t er was a pale yellow-brown .. 
The difference in colour and compos i tion of the sediment loads of 
the two strea ms where they met a t the confluence was extreme ly marked, 
and indica tive of the high cla y l oad in the Number 1 stream . 
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Thus except i n the ca se where a shallow slip dropp

ing into the streams co n tributes the finer silt and clay 

material from the topsoil h orizons, the major particle size 

a s determined from the above mechanical analyses is fine 

sand. At least 80 percen t of the load f a lls in the range 

of fine s and. 

Appendix IX (2) g ives the r a w da t a with standard 

errors and means for Tab le VII. This shows rea sona ble 

a ccura cy and uniformity in t he sampling technique. No 

correlations ca n be made between the percent age s of eao~ 

pa rticle size in different floods se e ing some measurements 

were made before the flood pea k and others a fter. 

5 .1.4. Ra infa ll Records 

Append ix X (1) an d Figure 5 . 4 show the dai ly a nd 

monthly r a infa ll for the study a r ea over 1972. As a lso 

recorded a t Palmer s ton Nort h D. S. I. R. ) Bal l an trae , Te 

Awa and the Pohang ina Valley Doma i n , March wa s the wettest 

mon th, due to the heavy r ains on and a round the 10th Mar ch . 

The ma ximum da ily r a infa ll e xperienc e d dur i ng the yea r 

occurred a t this time ov er much of the Nanawa tu, See 

Appendix X (2 ). 

In fact , a s recorded by t he N. Z. Met Service Ra in

f a ll Observations for 1972 , March was t he wettest for a t 

least 50 yea rs over the North Island. Rainfall was 2~ 

times the normal Ma rch va lue for the North Island. 

November wa s the driest month over the study a r ea 

and much of the surrouuding district. 

Rainfall for 1972 was below n ormal , mainly by 

a bout 15 percent over most of the North Island. ( Appendix 

x (3). 

The Palmerston North D.S.I . R. 40-year figures 

from 1933-1972 give March and September as the driest 

months, and June and December a s the wettest months. 

This may not necessarily be the case for the study area, 
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but for the southern half of the North Islan d, the 1972 

r ainfall wa s below normal, mainly by 50 percent, for 

December, and mainly by 25 percent f or June . 

Appendix X (4) gives the 23-year r a infall fi gures 

for Te Awa , which may g ive some indication of the general 

situation for the study a rea over t his period of time. 

However, the 1972 figures for Te Awa r ecorded 200 mm lower 

r a infa ll than Culling's Gul ly. Thus, h ow relevan t the 

Te Awa figures are, is questionable. 

Other observa tions 

In November, 1971, the f arm tra ck from the confluence 

of t he gullies giving access to the better quality Raumai 

Sandy Loam c o unt ry between t he two streams was subsiding 

badly, undercutting in places and becoming generally un

serviceab l e . At this stag e the young popld r poles were 

havi ng difficulty establishing on the exposed substra ta . 

Dur i ng the March 10 f lood, smal l mudflows were observed 

issuing from t he s a tur ated sides of the slopes exposed by 

the construction of t he tra ck. Samples of the se were not 

analysed , but on settling gave 30 cm of solid sand with 

about 2 cm of wa ter separa ted out on top. These mudflows 

caused a number of small runnels to be carved out of the 

loose ma teria ls on the tra ck a nd on the steep slopeo. 

These wer e subsequently filled ir with debris in the next 

runoff event . 

During the March 10 flood, the Number 2 recorder 

wa s silted up to a depth of 35 cmo This silt deposit 

which extended several me tres upstream wa s removed in the 

June and July flood events . Further upstream in the 

Number 1 gully silt deposits up to 1 .5 m high were left 

a fter the winter. 

A number of poplar poles on th e sides of the 

channel were buried up to a metre deep and many were com

pletely uprooted a nd buried. A number of poles observed 

in November, 1971, in the first main tributary of Number 
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1 gully had completely disappeared by the same time the 

following year . Thus the mortality rate of the vegetative 

material planted in the gully bottoms , is extremely high . 

The remaining poles, once past their first two winters, 

appeared to be growing well. After the spring winds a 

number of these healthy poles were observed with t heir 

tops broken off. This could a lso be caus ed by oppossums, 

though generally, oppossum damage was not very evident. 

Slips were observed in the vicinity of the recorder 

in Number 1 gully n t the end of March, after the 10 March 

storm, a t the end of June, a fte r t he June storm, a t the 

end of July, a fter the flood events during July, and a t 

the end of August. Further silt deposits, this time on 

the same side as the sli pp ing, were observed at the end 

of Augus t. 

The July runoff events a lso caused a l a r ge surface 

slip to drop off the hillside into the Number 2 gul ly 

causing the extr eme ly high sediment load a nd clay content 

in the flood samples t aken in th e 17/18 July flood. This 

slip c a used a partial blockage of the stream suc h that the 

water built up behind . A sudden release t hen brought 

down the high sediment load and caused the r a ised wa ter 

lev els downstream . When the channel wa s partially blocked 

the sediment load was also extremely l a rge. 

Damage resulting from the action of c a ttle hooves 

ca using miniature slippage s from t he gully walls was ob

served throughout the winter months from June to September . 

To a smaller extent , sheep tracks down the unconsolidated 

slopes from th e farm track were a lso c a using materia l to 

drop down into the gully , exposing the layers undernea th. 

When the soil and substra ta was extremely dry in the 

summer months , sheep and cattle treading also caused 

materia l to dislodge. 
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5 . 2 COMPARISON OF DIFFERENT FILM TYPES 

5 . 2 . 1 . Qual i tative Observations of Different 

Rpplications of Aerial Photographs 

Pl ates 5. 1, 5.2 a nd 5. 3 depict approxima tely the 

same a rea of Number 1 gully showing the f irst tributary 

coming in on the right hand side to join the main channel . 

Plate 5.3 extends down as far as the confluence of Number 

1 and Number 2 gullies . 

Plates 5. 4, 5 . 5 and 5.6 show approxima tely t he 

same area of Number 2 gully . 

From t hese and further photographs that covered 

the whole of the study c a tchments the following observations 

were made . 

The most importan t feature that warranted observa-

tion was the degree of gully erosion . As outlined in the 

following section 5.3, photogrammetric methods gave quanti

tative measures of headwa r d gully movement and area of 

gully erosion . Qualita tive observations al lowed the a rea s 

of prime concern to be identified. Feasibility of vehicle 

access could be determined where conservation measures were 

warra nted. 

The extremel y steep slopes of the gully sides 

limited the view into the stream beds . This meant that 

sites of aggradation could not be determined . I n the 

situa tion of a broad flat flood plain these would have stood 

out clearly under stereo and would have been visible with 

the naked eye because of the textural difference in the 

photo . 

Var iations in vegetative cover , especially on the 

c l ean pasture areas , enabled wetter and drier areas to be 

distinguished . Subsequent field checks -v&rified the 

observation of the pr edominance of rushes on t.he damper 

generally concave slopes and scotch thi stles on the drier 

r idge tops~ spurs and convex areas of hillside.. Areas 



PLATE 5.1 

Kodac hrome APrial of the 

Mai n Gu LJ y and Pi r sL 

Trihu ta1·y of o . 1 CaLc h

ment . 

'' 

PLATE 5 . :2 

Jnfra Red Acr j a l of Lite k ain 

Gully and First. r- ri • .mLary- of 

No . 1 Catchment . 



PLATE 5.3 

Black and White 1972 Aerial View of t he Lower Part of No. 1 Catchment. 



PLATE 5 .4 

Kodachrome A er i a 1 of 
Part of the Main Gully 
of No . 2 Catc ~ ·m0nL 

PLATE 5 .5 

Infra Red Aerial of Part of 
the Main Gul l y of No . 2 

Cat chment . 

l 



PLATE 5.G 

Blad< am! Wh i i.e Aer i a l View of Lh r Lowe r· P8r t, of No . 2 Calehr.1<' n t. 
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of poor pasture cover could be noted as incipient sites 

for sheetwash and shallow slips especially on the steeper 

slopes .. 

The steep slopes clothed with regenerat ing 

native bush and manuka were se ldom the sites of slips, 

whereas slopes of equivalent slope but with scattered 

scrub or pasture cover exhibited a far grea ter degree of 

instab ility. This was not so obvious on the more gent le 

slopes. 

Ar eas of manuka could be distinguished from the 

a reas of mixed sc rub and r egener a ting native bush and in 

some c as es a ctua l species could be distinguished. The 

residual clumps of black beech on several knobs and drier 

spurs were easily picked out and verified by fie ld c he cks. 

Simi l arly , i n the upper portions of the gull i es , tree 

ferns were rea dily identified by th eir distinctive c rown 

shape . Scattered pines , ma crocarp~ s and acacias and 

lines of poplars were also easily i dentified . A very 

limited number of field checks wa s thus necessary once 

the crown shapes , texture and tone of the individual 

species was ab le to be recognized. Thus the vegetation 

over a much wider area than the t wo study catchments 

could have been characterized~ 

As t he ma jor criterion distinguishing the diff

erent soil types over the catchments is slope, it was 

relatively easy to draw in the soil boundaries from the 

photographs under stereo. Thus, on P l ate 5.3 the flat 

areas of Ohakea Silt Loam of the terrace country a t the 

bottom and on the middle left hand side, can be readily 

picked auto Similarly, the areas of Raumai soils on the 

open tops between the gullies c an be outlined, with the 

areas of Pohangina Steepland Soils separating them. 

Figure 2 .4 showing the distribution of soils over the 

study area was drawn in this manner from the photographs. 

Obviously, in an area that was predominantly flat and 

where soil differences were not related to slope, mapping 

of the soil types directly from photographs would be a 

much more difficult task and require a greater number of 

field checks. 

• I 
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Whereas it is difficult to a ssess the drainage 

texture and classification in the field, even a super

ficial examination of t he c hanne l systems on the aerial 

photographs, gives an indica tion of the drainage system . 

Section 5.3 gives the quantitative results from a more 

thorough a nalysis of the drainage pattern. In a few 

pla ces where the gully wa lls were not too steep and the 

gully bottoms a re not obscured by shadow or vegetation , 

the light coloured dry sandy channels can be seen. 

Stock wa ter dams are rea dily identified by the darker 

tones of the more l ush vegetation and rushes surrounding 

them and fro m the tone and texture of the wa ter surface~ 

Similarly, sma ll seepage points can be determined from 

the darker tones of the lush vegetation and wet soil , under 

stereo. Careful examination of the projected slides on 

t he screen a lso identifi ed these a reas , but in this case 

previous field knowledge was neces s a ry. However, k nowing 

what to look for a fter one or two field ch ecks is preferab le 

to mak i ng a large number of excursions into the fie ld. 

Existing fencelines and stockyards provided an 

indica tion of the am ount of subdivision over th e s t udy 

area. Future fencelin es could be more readily planned 

from t he photographs t han from maps as the slope and vege

t a tive cover could be more readi ly appreciated. 

Thus, qualitative observations from aerial photogr aphs 

can provide a considerab le amount of information a bout an 

area and replace a lot of field work~ 

Factors Affecting Photo Interpretation 

The main limitation to interpretation of the photos 

was due to the lack of contrasts obtained in printing, es

pecially in the black and white photos. Where there 

were indefinite ranges of greys, rather than the full 

range from black to white it was impossible to determine 

subtle changes in tone. This can be largely remedied 

in the processing of the prints. Lack of contrast is 



168 

still however , a limitation. As ment i oned when mak i ng ob

ser va tions in the a c t ual gull i es , the dar k shadows on the 

steep gul ly walls limi ted interpretation. This is , how-

ever , unavoidable in this sort of country . Shadows cast 

by t a ller vegeta t i on obscured immedia t e ground conditions 

but were not importan t on the scales used . 

Ground checks were carried out during the s ame 

period of t i me tha t the mea surements and observations wer e 

being c a rr i ed out on the photos , so there was no problem 

i nvolved here . In fact , from the amount of ground checking 

done , a much larger area than the study ca tchments could 

have been examined with accurate interpreta tion . 

Resolution of small microtopogr a phica l features 

wa s not possible on the original 1 : 41 , 800 and 1 : 64 , 400 

photos , but scales of 1 : 16,300 were adequate fo r most pur 

poses when magnified under the mirror s tereoscope . For 

observation wi th the naked eye , l arger scales than this 

were preferable . The scale a t which the 1972 b l ack a nd 

white prints were used was 1:6 , 500 and this was optimum 

for detailed interpretat io n work . However , with these 

photos , there was no difficulty in enlarging the prints 

to whatever size requi r ed . ( Pl ates 5 . 3 and 5 . 6 are not 

the exac t scale worked wi th , but merely a convenient size 

to fit the page . 

Although Pena ( 1970) advocates the use of optica l 

equipm ent to magnify the images on th e photos r a ther than 

enlarging the print , the enla rged prints ( scale 1 : 16 , 300) 

f r om the 1 : 4 1 ,800 and 1 : 64, ! 00 were extremely useful for 

quantita tive measurements using the mi rror stereoscope and 

wer e ab le to be dir ectly compared with t he 1: 16 , 300 contact 

prin t s of the 1946 photos . 

Althou gh t he transpar encies wer e l ess convenient 

t o use in tha t they had to be projec t ed ont o a screen and 

coul d not be dr a wn on and l a belled , they showed consider 

ably finer detail than the prints part l y due to the larger 

scale viewed a t. Qualitative observations only , were 

made f r om these , but quantitativ e mea sures could readily 
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have been carried out had these been the only type of 

photograph available. This would have meant project-

ing the slides on to white paper and transposing im

portant data on to this from which measurements could 

then be made. It would then be necessary to compare a 

known distance on the ground with a distance on the pro

jected image to obtain the sc a le. 

The Merits of Different Film Types 

Access to three different types of photographs 

enabled a greater amount of information to be obtained 

more readily than had only the black and white photos 

been available. The black and whites were used for all 

quantitative measurements because of the convenience of 

using them under stereo. The Kodachrome and infra red 

colour slides were however, of greater use for the quali

t a tive observations. 

Farm dams stood out extremely clearly on t he 

infra red slides and appeared a bright turq uoise colour. 

On the coloured slides they appeared a muddy greyish 

colour whereas on the black and white photos one had to 

look extremely carefully am ongst the various textures and 

tones in the greys to identify these. Thus, the infra 

red imagery was definitely su perior for the rapid identifica

tion and positioning of water bodies and wet areas. The 

damper slopes and more lush vegetation appeared in varying 

shades of bluish-turquoise, in comparison with the pinker 

woody and drier vegetation and whitish drier pasture areas. 

The penetration into the actual gullies was better 

on the infra red and colour slides than on the black and 

white photos where shadows limited the view into the 

gullies. Penetration of shadows was particularly good 

on the colour slides as seen in Plates 5.1 and 5.4. 

Determination of the different tree species was 

easier using the infra red slides, once the psychological 

barrier created by the false colours was overcome. Field 

checks were a necessity in this respect, but once i 



accomplished, the greater diversity of tones and textures 

enabled a greater number of species to be identified. 

On both the infra red a nd Kodachrome slides, micro

topographica l differences were far more apparent tha n on the 

black and white photos. This is extr emely evident on P lat e s 

5.1 and 5.2 on the a r ea of Ra uma i soils between the two 

gully branches, where the sma ll knolls and hillocks a re far 

clea rer tha n on Pl a te 5.3. 

Fencelines a nd stockyards were more rapidly 

identified and tra ced on the colour and i nfra red slides 

than on the black a nd white photos. Sharper contrasts in 

the vegeta tive cover due to differ en t stock pressures on 

opposite sides of fences wa s more readily picked out on the 

Kodachrome and infra red slides. On the black and wh ite 

photos, the difference in tone was apparent but not as clear 

and distinctive. 

Actua l a reas ba red by gul lying and slipping were 

equa lly rea dily identified fro m t h e t hree film types due to 

t h e h i gh contras t between the whi te of t he exposed substrata 

a nd the da rker colour of t he pa sture a nd normal topsoil. 

The greatest limita tion with the infra red trans

parencies was tha t it was necessary to t ake severa l ~xposures 

for e a ch photogra ph at hal f stop interva ls a nd hope that one 

of these would give optimum discrimination. Even then some 

of the results were too dark for good identification of sub

ject matter, as can be observed in some of the regenerated 

gully sides in Plate 5.2. Part of this limitation could 

have occurred in the printing process from the slide to the 

print. Similarly, there is less colour contrast on the 

Kodachrome print than was present on the original transpar

ency. 

Thus, the Kodachrome transparencies were superior 

for shadow penetration and ready recognition of features as 

no interpretation step was required. Thus a smaller number 

of field checks would have been necessary. Once accumstomed 

to the false colours of the infra red slides, these were 
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undoubtedly superior in vegetative studies and for looking 

at the drainage system and identifying small seepage areas 

and other areas of wet topography. 

Both the Kodachrome and infra red slides were of 

greater value for specialized interpretation than the black 

and white photos, but the latter cannot be excelled for 

quantitative interpretative purposes and convenience of 

viewing. 

* * * * * * * * * * * * * 
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5.3 PHOTOGRAMMETRIC AND MORPHOMETRIC MEASUREMENTS 

5.3.1. Ar ea l Analysis 

( 1) Total Area 

Table VIII shows the a r eas for each c atchmen~ 

c a lcula ted from the five different me t hods. Appendix XI 

gives the r a w data from which these results are derived. 

TABLE VIII ~rea of t he Study CatchmJ<nts Calcula ted by Fiv e 
D iffercnt Methods. 

Method of 
Measurement 

Leaf Area Machine 

Weigh t Proportion 

Open Grid 
(Graph paper) 

P l an imeter 

Dot Grid Method 

Average value 

No. 1 Ca tc hment 

240 

235 

237 

235 

237 

No. 2 Catchment 

202 

197 

200 

201 

196 

199 

Thus the ar~a of Number 1 Catchment could be 

taken a s 240 ha and the area of Number 2 catchment as 200 ha. 

sults. 

Each method of ca lcula tion gave v ery similar re

Thus as far as accuracy is concerned, the method used 

to mea sure areas is merely a matter of personal preference and 

availability of equipment. If a planimeter is available, this 

is obviously the quickest and least tedious method as it can be 

done directly on the photo without tracing an outline. Simi-

larly, if a -machine is available to calcula te the a reas, this 
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is extremely r npid and convenient. The weight proportion 

method is less tedious and more rapid than the Dot Grid or 

Open Grid methods for l a rger areas. However , where the 

areas to be measured a re small an d irregular, the Dot Grid 

or Open Grid methods a re the most convenient. 

(2) Areas of Erosion a nd Regeneration in 

Sequential Airpho t os 

Both the Dot Grid an d Line Transect methods were 

used to measure the a reas of erosion and regenera tion 

from the four sets of photos . The Dot Grid method was 

adopted a s a matter of personal preference though very 

simila r results were obt a ined from each. Fig ures 5.5 and 

5.6 show the changes in the amount of erosion and regenera 

tion from 1946, 1958, 1966 to 1972, derived from Appendix 

XII. 

On a n a rea l bnsis , the greatest a rea of erosion 

is when slipping is predomina nt; gu llying does not show 

up a s a l a rge a r ea , but co ntributes a n enormous volume of 

sediment to the dra inage system, per unit a rea of gullying . 

Thus these fi gures do NOT imply tha t erosion over the 

study a rea has decrea sed from the h i gh a mounts in 1946 to 

lesser am ounts in 1972. Rather these figures indic a te 

tha t the amount of slip erosion has been drastica lly re

duced over this time period. As previously discussed , 

it was impossible to view the gully wa lls and floors due 

to the shadows on the photos and the steepness of the 

slopes. Also, in c a lcula ting the areas , slope was not 

taken into account. Thus the ac tual areas of the gullies 

were underestima ted. 

Thus areal mea surements are not an accurate measure 

of the extent of gully erosion. This is dealt with in a 

later section on headward gully movement, which gives a 

better indication of the changes in gully erosion during 

the period 1946 to 1972. 

However, the areas of slips that occur in areas 
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not associated with the gullies were rea dily measured. 

In 1946, about 7 percent of tbe ungullied area of Number 1 

c a tchment exhibited slippi ng. The figure for Number 2 

c a tchment was similar. By 1958 this area had become 

grea tly reduced. Acc ompanying this change was a drama tic 

increa se in the a mount of scrub and regenera ting native 

buah. Then between 1958 a nd 1966 a l a rge a mount of scrub 

wa s clea red from both c a tchments, reducing the regenera ted 

a reas to less tha n a third of their area in 1958. Accom

pany ing this decr ease in regenera ted areas , wa s a signi fi

ca nt increa se in the a rea of slips over both gullies . 

By 1972, the scrub ha d again increased its r ange and the 

area of slip erosion had once a gain decreased. Thus, 

there wa s an inverse rela tionship between the a mount of 

slipping and regenera tio n . 

Thro ugho ut the whole of the study p er iod from 1946 

to 1972, Number 1 gully exhi bited a greater degree of 

erosion tha n Number 2 gully. Conversely , Number 2 c a tch-

ment exhibited a far l a rger proportion of its tot a l area 

covered i n scrub a nd regener a ting busho These fea tures 

can be r eadily observed from a superficia l study of P l a tes 

5.7, 508 and 5.9 showing t he study a rea , or parts thereof, 

i n 1946, 1958 and 1966 a nd fro m the 1972 photos, Pl a tes 

5.3 and 5.6 The fro n tisp iece g ive s an oblique view of 

both gully syst em s and shows clea rly the grea ter amount of 

gullying in the Number 2 c a tchment. 

( 3) Analysis of Snbwa tershed 

Figure 5. 7 shows the pattern of subwatersheds over 

the study area , and the inter-ca tchment areas. The inter

c a tchment areas are extremely regular along the length of 

the main gully of Number 2 c a tchment. No such regularity 

is observed in Number 1 cat chment . 

The r egularity of the inter-catchment areas over a 

number of c a tchments in the same district as the two study 

catchments, can possibly be rela ted to the relative 

stability of the watersheds in question. The shape and 

size of these areas and the areas of the subwatersheds 



PLATE 5 . 7 

1946 Aerial View of Lower Part of the St dy Area Showing High Incidenc e 

of Slipping. 



PLATE 5.8 

1958 Aer j al of Study Area Showing Increased Regenerative Cover. 



PLATE 5.9 

1966 Aerial of Study Area Showing Increased Incidence of Slips 
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coul d have some bearing on ·l;ime of conc.entra t ion of f l ooCls 

and runoff i n gener a l. Thus an &na l ysi s over a l a r ger 

numb e r of exampl es ccu l d y i e l d some interes ting i nfor~~---
tion . 

Tab l e IX records the resul ts of measuring the 

a reas of the subwa t ersh~ds of the two c a tchm ent s. 

Tl-iDLE IX 1-1nalysis of Subwater she ds 

Area s of i:inb\'/El t crGhcds (ha) 

Subwatershed No. : No . 1 Catchment No. 2 Catchment : 

1 1. 54 6.55 
2 15 . 85 9. 86 
3 2,60 15 . 40 
4 L54 1 o. it 5 
5 4.21 5,62 
6 1., 27 2,52 
7 1.94 4 n14 
8 2.20 11025 
9 6, 23 2.21 

10 10 ~ 37 6. 55 
11 10 . 58 2.67 
12 7o21 7., 96 
13 1 n lH~ 2,,87 
14 100 85 4 n94 
15 21~90 1.54 
16 6~03 2~53 
17 33<'050 3 ., 02 
18 1 ,,41 4n 94 
19 1 ol.v! 5068 
20 1 ,, ?1r 2,, 4(' 
21 0,.87 1081 
22 80 15 
23 4. 14 
24 4n55 
25 2 .. 94 
26 4 .. 35 
27 4 . 01 

TOT AL 184 .,0 140 ., 0 

Av e r ag e S iz e 8 .. 69 5 .. 16 

Tota l i nt er-ca t chm e nt 56 ha 60 ha 
a r ea 
( b y di f f e r enc e fr om 23% 30% 

tota l a r ea ) 



Thsre are ~ large~ number of subwaTcrsh~ds ]~ 

Number 2 catchnent than in Number 1 1 a~d t he averag~ s~~= 

is smaller~ Also th2 inte~ -catc~nen t areas make up e 

larger pr opo~tion o~ the whole c a~ chment than ~n Number I 

catchment a These lacto~ s could have en i rnpo rtan~ tearins 

on the hydroJogical cha~act~riatics of the catchrnsnta 

materia~ under the same clima~ic regime t0 really b2 ab~~ 

to ~dk~ any conclusio~c frcrn ~hese meas~remon~s. 

Ccn3truc ticn of 5nrmiin~ s 

man of the atudy u rea n 

on the fi~al ma p " The origi"la l 50 ..'.'oot contolirs -,,-.-orr, sc 

close t ogLthor i& Dl~ ces 7 due to the steep slopes- a 2 ~ o 

be confusi:1g a Thus the 100 fo0t contours were c c naid£~ 1~ 

more useful for any calcula~ion~ that j ud t o be made. 

Ther~ was a s~al: di~ferenco in the average s lop s 

ang l e obtained depending ~hethc~ the 50 ~oct contours or 

100 foot con~ours ~er e use6. Th~ ~ceult uGing the 50 f u ut 

contour:s woulcl ilave be2n t l.w mos"l: accuT.atG 1 had the contou:.:,. 

thems alves been ~ore accur~te . The ave~ngc slope &nglc 

fo:r Numb:;~ "' gully ~.1as s:.i.gh·Cly greate1'"' ·Chan tl1at measLJred 

fo:::- lfo.mbe!· 2 gu::..:1.y ~ 22"' as cornpa.red with 20°, using th.~ 100 

foot contour.::; ,, This ia refl8cted in the higher p~oporticn 

of e!'osion preva:'...ent o're-:: the Number 'i Cat c hr:ient. 

Appendi~ XIII gives the rcsult:s f or thi s eze~cis~~ 



FIGURE 5.8 CONTOUR MAP 

SCALE 1:16,300 

Contour Interval 30 m 

• • • • Boundary of Study Catchments 
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(3) Construction of Generalized Contours 

Figure 5~9 shows the distribution of generalized 

contours over the study area . These show the initial 

form of the l andscape before it was so deeply dissected 

by the rejuvena ting gullies. 

(4) Str eam Profiles 

Figure 5.10 shows the stream profiles of the two 

catchments. The data from which these are plotted is 

given in Appendix XIV. This figure cl early shows the 

greater degree of degrada tion tha t has occurred over the 

lower part of Number 1 c a tchment as compared with Number 

2 c a tchment, and th e steeper nature of the streambed in the 

upper reaches. Plotti ng the points at such wide intervals 

has resulted in the ironing out of all the sm a ller irregulari-

ties in the channel. The construction of the concrete dams 

in the lower reache s of Number 1 has n ow resulted in a degree 

of aggr ada tion in the stream bed over this lower portion . 

However, there is still a vast dif ference i n the amoun ts of 

sediment tha t have been removed from each gully as seen fro m 

the differences in the levels of the two chan nels. 

The slope over th e entire Number 2 gully is mor e 

uniform than tha t of the Number 1 gully , and interrupted 

only by three small waterfalls . From ground observations, 

these three waterfa lls appear to be relatively stable. 

The waterfall in the Number 1 gully , however , is actively 

eroding at the bottom and could precipitate a further 

series of headward gully movement if it should collapse. 

A vast volume of sediment would then be degra ded to achieve 

a uniform slope up the gully . 

(5) Valley Cross Profi les 

As suggP-sted when outlining this technique, no 

results were obtained using this method for reconstruct-

ing the original stream profiles. However, this would 

be a valuable exercise to carry out by ground survey as 
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it would enable the amounts of sediment removed during the 

period between the present an d the r econstructed original 

stream profile , to be c a lcula ted, in conjunction with the 

previous exercise . 

(6) Crest-line Profile~ 

These were dra wn and plotted on Figure 5.10 with 

t he str eam profiles to give an i nd ic a tion of the amplitude 

of reli e f . The raw da t a from which these were constructed 

is included in Appendix XIV . 

These illustra te the form of the divides between 

and on either side of the two ca tchments and reveal the 

windga ps and other down-eags in th e ridges. The a mplitude 

of reli ef , ( the vertica l distance between the va lley bottom 

a nd the hill crests ) is a lso demonstra ted. This g ives an 

idea of t he eleva tion of t he initia l surfa c e before rejuvena 

tion deeply dissected t h e a r ea . 

(?) Projected Profiles 

The three projected profiles of the study area are 

shown in Figure 5.11. As these a re merely the foreshortened 

cr e st-line profiles , the r a w da t a from which they were con

structed is a lso included in Appendix XIVo 

(8) Construction of Area -Height a nd Hypsometric 

Curves 

These are shown in Figures 5.12 and 5.13. The 

raw data for their construction is given in Appendix XV. 

Both the Ar ea -height an d Hypsometric curves a re 

very similar for both ca tchments. Thus it is not a diff-

erence in altitudinal range over the two watersheds that 

leads to the observed hydrological differ ences. In other 

regions however, these techniques could show distinct 

variations in a ltitudinal distribution of a r ea for c a tch

ments of varying erosion potential. 
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(9) Quantitative Aspect Determination 

As suggested w~en o utlining this exercise 11 

this technique wa s unsuited to the na ture of the study 

191 

ca tchments. However, in a region wh ere t he dissection 

is l e ss, and wh ere a rea s of a similar aspect are l a rger 

a nd not so broken up, thi3 method would be a r a pid and 

simple way of determining t b s percentage of the total area 

oc cupied by the differ ent aspect cla sses. This could a lso 

a ssist in planning of fencing to s~parate sunny and shady 

f a c es. 

Drainage Ana lysis 

(1) Patterns of Dra inage 

Figure 5.14 shows the drainage network over the 

study catchments. The surrounding drainage pa ttern over 

t h e adjacent a r ea of the an ticline between the Pohangina 

a nd Oroua Rivers is s ho wn in Figur e 5.15. Refer t nce to 

Zernitz (1932), Parvis (1950) , The America n Society of 

Pho togr amme try (1960), and Av ery (1970) led to t he conclu

sion tha t the dra inage pa ttern of the study a rea is ba sic-

a lly subdendritic . Numb er 1 Ca tchment tends to be more 

dendritic; Number 2 c a tchmen t is narrower with shorter 

tribut a ries. The longer lengths an d greater profusion 

of tributaries on the upslope side of Beehive Creek make 

the dra inage pattern here, somewhat a ssymetrica l. 

Dendritic drainage , of which subdendritic drain

age is a modification , is the most common type of drainage 

and is formed wher e the rock struc t ure does not i~ttrfere 

with the free development of streams. Subdendritic drain-

age patterns closely resemble the dendritic type but show 

minor slope control of the second a nd third order streams 

and result from streams flowing from a non-resistant 

material area , through a nother of slight structural control, 

according to Parvis (1950). 
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FIGURE 5.15 SURROUNDING DRAINAGE 

NETWORK BETWEEN THE POHANGINA AND OROUA RIVERS 
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(2) Hydrogra phic Network and Texture 

of Drainage 

Table X records the measurements ma de on the 
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drainage pa tterns. 

dependent measures. 

These are a ll the means of four in-

TABLE X Ana lysis of Dr a inage 

Tot a l No. of Streums 

No. of Streams per 
unit Ar ea 

To t a l length of Stream s 

LcnBth of streams per 
unit a re ct 

(Dr a inage Densi ty or 
Texture) 

Tota l va lley length 

Total va lley leng th 
per unit a rea 

<Texture of Dissection) 

No . 1 Catchment 

106 

o.44/ha 

16.7 km* 

69.5 m/ha 

29 .. 8 km 

125 m/ha 

No. 2.Catohceot: 

65 
0.33/ha 

12.0 km 

60.0 m/ha 

27.6 km 

138 m/ha 

----· - ... . ----·--- ·-· .. -----------------
Ratio of Valley Length 
to Str eam Length 
(Index of Drying up) 

No. of Confluences 

No. of Co n fluences per 
unit a rea 

Ratio of tota l length 
of Tributaries to 
Main Trunk 

* misleading values 

1. 8* 2.3 

75 46 

0.31/ha 0.23/ha 

5.6 

;. , I f 
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Firstly, there is both a greater number and 

length of streams per unit a r ea in Number 1 c a tchment. 

However , it must be pointed out that much of the so

ca lled "stream " length in this ca tchment, is not r ea lly 

wa ter length as such , but dry s an dy aggr a ded cha nnel. 

Actua l tota l wa t er l eng th is in the order of 0.5 km. Al

so in the Number 2 cha nnel there is part of the stream 

l ength tha t has no wa ter flowin g down it for most of the 

y ear. 

Thus , the dra inage density ( or texture ) of the 

N um~er 1 c a tchment is slightly gr eater ( or finer ), tha n 

tha t of Number 2 c a tchment. Well developed dra inage 

patterns a re usua lly i nd ica tive of r e l a tively low infiltra 

tion and rela tively i mpervious materials , Lueder (1959)q 
In the situation of the study a rea , the unconsolidated 

parentmaterial is by no means i mpervious. However , this 

slightly better developed dra inage pattern in the Number 1 

c a tchm ent may indica te that this c a tchment is ~lightly 

l ess pervious a nd has a slightly lower i nfiltra tion capacity 

than the Number 2 c a tchment. This i n turn would lea d to an 

increased a mount of runoff a nd thus a greater degree of 

potential erosion, ~ s is evident in practice. 

Because the tota l length of streams was misleading 

in tha t not a ll the leng t h was a ct ua l str eam flow, so are 

the figures obt a in e d for Texture of Dissection a nd the 

Index of Drying up misleading . In both cases the Index 

of Drying up would in reality be much higher . A more 

realistic va lue of this measure would be 59.6, ( 29.8/0.5 
from Table X ). No such correction has been attempted 

for the Number 2 catchment, but the figure could also be 

expected to be many times grea t er than that in the Table. 

Much of the valley length a s measured for the 

Texture of Dissection was not a ctually "valley length" 

as such, but small indefinite first order channels and 

incipient gullies only c a rrying water in flo~c events. 

The higher r a tio of Total Length of Tributaries 

to Main Trunk in the Number 1 gully, and the greater 
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number of confluences per unit area rela te to the observa

tion tha t the Numb er 1 catchment tends to be less subdend

ritic than the Number 2 c a tchment. 

(3) Channel Orders 

Figure 5.14 shows the composition of the drainage 

for the study catchments. Table XI gives the results of 

the measure d lengths and numbers of the different stream 

orders. 

TABLE XI Analysis of Drainage Composition 

No. 1 Catchment No. 2 Catchment 

Stream Order !1st 2nd : 3rd 4th 1st 2nd 3rd : 

I 
~ 1 0. of Streams 79 20 6 1 48 14 2 

'rotal Channel 8.25 3.76 2.68 2.07 6.17 2.48 1.45 
length 

\ -;erage Stream 
Length (m) 104 188 447 20()0 129 177 724 

Leng th of Chann 34.4 15.7 11.2 806 25.7 10.3 6.o 
el per unit are 
( m/ha ) 

No . of Channels I 0.33 0.08 0.03 0~084 0.25 0.07 Oo01 
per unit area 
( per ha ) 

Expressed as % 49.3 22.4 16.0 ~2~J 52.0 20.7 12. 1 
of Total Drain-
age Length 

% 
No. of Channels 74.5 18.9 5.7 0:9 7308 21.5 3.1 
expressed as % 

, of Total No. of 
Streams 

4th 

1 

L82 

182 

7_,6 

0.,0Q 

15. 1 

1 ,_ 5 
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Looking a t the lengths of t he different stream 

orders expr essed as .L percentage of the tota l drainage 

l ength , the values for th e two c a tchments a re very much 

the same . Number 2 c a tc hment has a slightly l a rger per-

c entage of its to t n l drainage leng t h as four t h order 

cha nn e l " There i s much g r eater chann el storage c a pacity 

in the higher o:;:der streams , espec i a lly i n t he main trunks 

of the study area str~ams , due to t he ir i nfin itely l arger 

cross-sectionsn This c an be a n important factor in modu·-

lating flood peak intensit~es o However, whether this 

difference is sufficiently l a r ge to have a sign ificant 

effect in t hi s respect, i s deba t ab le. Howev er, it is a 

knowa fact that the flood peaks in Number 1 catchment a r e 

more eros i ve and carry a much great er sediment load tha n 

the eq~ivalent flood in Number 2 catchment. 

The greater l ength of first order channels per 

unit a r ea i n Number 1 ca t chment , could be important as 

potentia l s it es for incipient gullying. They woul d a l so 

reduc 8 t he distance of overland flow b efor e a dr a inage 

channel was r eached 1 thus r ed ucing interception by vege tat io ~ 

a n d perc olation throuph the s oil. As a res ul t, a greater 

pro por ti on of t he precipitation would e nd up as runof f t han 

in the Number 2 catchm en t. 

(4) Headward Gul l y Moveme nt 

The differenc e s in headward gullying between 1958 
and 1966 are r e corded in Tab l e XII . 

TABLE XII Changes in Headwa r d Gul lying from 1958-1966 

No o 1 Cat chm ent No.2 Ca tchment 

1958 19(,)6 ·1958 1966 
Headwa r-d: ·G ullying --as 
a percentage of the 35 .4 47.5 21.4 21 )~ 
Total Drainage Leng th. 

---
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Thus t he extent of activ e gullying had inc r eased 

by some 12 percent of the total dra inage l engt h over the 

period 1958 t o 1966 , in t he Number 1 gully. This is 

equ ivalent t o 12 percent of 16o7 km which i s a d i s t a nce 

of 2 km over the whole of the Number 1 gully system in 8 
yea rs. 

This is an advancement of the headward gully 

erosion of 250 m per annumn 

The Number 2 gully appeared to have r emained 

s t a tic over this time period . 

* * * ~ * ¥ ~ * * * * 
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CHAPTER SIX 

DI SCUSSION AND CONCLUSIONS 

6.1. FIELD MEASUREMENTS AND OBSERVATIONS. 

6.1.1. Stream and Flood Flows 

The main difficulty encountered in trying to com

pare the dry weather and flood flows from the two catchments 

was the lack of applicability of the standard methods of 

measuring stream discharge. This wa s due to the extremely 

low dry weather flows, the shallow depth of all flows, the 

extremely high sediment loa ds and the non permanent flow 

over the entire length of the drainage systems. 

~urrent meters a re impossible to use in small 

shallow channels. Radi oa ctive tracers were too expensive 

and not available anyway, as radioactive isotopes with ex

tremely short half lives a re necessary for this type of work 

to minimize r a dioactive cont am ination of the drainage 

system. Chemicals such as salts and dyes for measuring 

flow r a tes and time of concentra tion of floods were in-

applicable for a number of reasons. Firstly, it was im-

possible to predict the onset of a flooa producing rain, 

let alone t ravel 35 km at any hour of the day or night to 

instigat e measurements . Secondly, th~ required detection 

equipment was not available and thirdly, the streamflows 

were such tha t access to their sources wa s both unpredict

able and difficult. This was because the streams were 

dry for a certain proportion of their lengths and the dis-

tance of actual flow varied throughout the year. During 

actual flood flows access even to the recording sites 

could be difficult as the channel below the confluence of 

the two titreams had to be crossed a number of times. 

Statistical methods for analysing flow data 

were inapplicable. Had daily discharge been measured, 
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the conventional methods of hydrograph and base flow 

analysis could have been carried out. Similarly, lack of 

long term rainfall records limited the statistical approach 

to analysing morphometric data and correlating it to stream

f low data. 

Thus although rough measurements of flood flows 

were made , because they were not able to be measured at 

intervals throughout the flood event, and because it was 

not known whether they were rising or falling a t the a ctual 

time of measurement, there was no way of relating discharge 

to velocity, depth, precipitation or sediment load. How

ever, for the Number 1 catchment a discharge of 21,500 l/min 

was recorded during the 10 March storm. In comparison, 

the dry weather flow for the preceding month was only 9 l/min. 

This tends to empha size the nature of the flash floods tha t 

can occur in this district in small streams. The correspond

ing flows for the Number 2 catchment were 48,000 :/min and 

59 1. 'min. 

Despite the smaller sediment load and less eroded 

and gullied nature of the Numb er 2 c a tchment, the a ctual 

water discha rge was grea ter for both dry weather a nd flood 

flows for all the measurements made. Whether a suffici ently 

representa tive number of mea surements were made in times of 

flood is debatable. Total flood discharge could not be 

c a lculated. Rate of rise and fall of flood levels were also 

unknown. Thus all we can say is that the instantaneous 

flood flows as meas\ll"ed were higher for the Number 2 catchment 

than for the Number 1 catchment. There may or may not have 

been a higher total flood discharge. 

Why the dry weather flows were always smaller in 

the larger area Number 1 catchment can only be explained by 

suggesting that the interflow and baseflow through the sandy 

aggraded streambed accounted for most of the flow in this 

situation. 
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6.1.2. Sediment Loads 

The annual suspended sediment yield of the two 

catchments could not be calculated due to the lack of 

continuous flow records and lack of data for constructing 

a sediment rating curve. As seen from the literature, 

where sediment rating curves are available, these greatly 

facilitate predictions of sediment discharge, as standard 

tables are available for converting suspended sediment 

concentra tions into weight of material eroded from a catch

ment. 

As explained in the previous section, tracer and 

chemical methods were not applicable to the study area 

situation. Turbidity measurements for estimating sediment 

loads are also not applic a ble bec a use of lack of records 

for calculating the turbidity/sediment relationship. Bed-

load was too difficult to measure. Thus the results ob-

tained can only be taken as g iving a n indication of the 

instantaneous sediment load in the particular flood events 

measured. Some measures were taken on rising floods; 

some after the flood peak. This means that, as for flood 

discharge, no correlations could be made with other factors 

such as rainfall and depth. 

The results merely illustrate t he magnitude of 

sediment load that may be carried by the two streams during 

flood events. For the 10 March flood, the instantaneous 

erosion rate was 1,000 kg/ha/hr for the Number 1 catchment. 

A figure for comparison is the value of 130 kg/ha/hr ob

tained from a 10,250 ha mainly fo~ested catchment as measur

ed at the Piripiri Bridge on the 22 September, 1969, 

( M.C.B. Files ). The corresponding instantaneous erosion 

rate for the Number 2 catchment was 234 kg/ha/hr. In 

other words, extremely high amounts of sediment are moved 

by the two study catchments during flood events. Although 

the flow in Number 2 catchment is considerably greater than 

that in Number 1 1 the suspended sediment load in Number 1 

is considerably higher. This is of course reflected in 

the higher proportion of the Number 1 catchment that is 
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suffering from gully erosion. 

Sediment yield in small ca tchments was seen to 

be largely a function of rainfa ll energy, rainfall intensity 

and vegeta tive cover chara cteristics, ( McGuiness ~ a~ 

1971 ) . As discussed in a l a ter section, the vegetative 

cover of t he two catchments is considerably different and 

thus possibly accounts for a l a rge proportion of the varia

tion in sediment yields between the two catchments. 

Although a number of workers have used aerial 

photographs to study sediment transportation and deposi

tion, this was not very applicable because of the steep 

sides of t he gully walls and concealing vegetation re

stricting the view of the gully floors. 

6.1.3. Erosion 

From the sequential studies using a erial photo

graphs to analyse the changes in erosion from 1946 1972, 

the main change noted wa s the decreased incidence of slip 

erosion over both the study catchmen t s. In 1946, there 

wa s a high incidence of areas exposed by slips. This had 

decreased substantially by 1958 and then increased to an 

intermedia te level in 1966. By 1972 slipping ha d once 

again decreased in importance. At the same time regenera -

tion had altered in the opposite direction. Thus there 

was an inverse relation between the incidence of slipping 

and scrub infestation. It can be suggested here that a 

vegetative cover of scrub and regenerating bush provides 

some protection against slipping. This suggestion is 

backed up by evidence quoted in the literature, as well a s 

the measurements carried out on the photographs. 

Throughout the period 1946 - 1972, Number 1 

catchment exhibited a higher incidence of total erosion 

on both an areal basis, and lineal basis ( h~adward gully 

movement ), than Number 2 catchment. Similarly, Number 

2 catchment exhibited a far greater proportion of its 

area under regenerating scrub and bush, throughout this 
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period . Over the period 1958 - 1966 the headward gully 

movement in the Number 2 gully appeared to be static . 

In Number 1 gully there was an extension in the headward 

erosion of the gully equivalent of 250 m/yr . This was 

taken over a ll the tributaries that were ac tively gullying 

as well as the main channel, and thus does not mean that 

the main gully was eroding a t this r a te. It is the tota l 

figure for the whole watershed. 

From the general observations made throughout the 

study , and supporting evidence in the literature , the foll

owing points emerge . Firstly , the erosive nature of t he 

study a rea is directly related to the geology - i.e. the 

unconsolidated Castlecliffian Sands , and stage of r ejuvena -

tion~ Secondly , removal of the original bush vegeta tion 

and replacing it with a pasture cover of poor interception 

qua lities , led to a number of complications . The less 

extensive root systems of the pasture species were not as 

inducive to a favourable soil structure as the original 

bush roots; consequently there was a reduction in the 

proportion of macropores in the soil, ( this was further 

a ccentua ted by trampling and consolidat ion by stock ) and 

a r eduction of storage ca pa city in the soil . Thus , in-

filtra tion and percolation r a tes were decrea sed, with the 

resulting increase in runoff and thus greater likelihood 

of erosive floods . This was particularly serious on the 

steeper slopes , as steeper slopes have an increased pro

portion of r a infall lost as runoff anyway . 

Similarly , the decreased interception abili ty 

of the pasture mea nt a larger proportion of the rainfall 

resulting in runoff . 

The geological process of rejuvenation is very 

active in cutting down the r e lief to lower levels. Thus , 

there exists the situa tion of a high r a te of geological 

erosion as well as accelerated man- induced erosion , because 

of the nature of the erosive sediments and continuing up

lift of the anticline . 
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However , much of the man-induced damage could 

have been avoided . Similar gullies in the s ame district 

were brought to the attention of the Manawa tu Catchment 

Board before 1950, e . g . Tew's gully. Subsequent erosion 

control measures have practically stabilized this gully. 

The two gullies in t he study a rea , however, wer e not in

cluded in a Conservation Farm Plan until 1969, twenty 

years later, by whic h time the situation could be described 

as almost beyond control. Since then, the conservation 

measures have shown a degree of success . The two concrete 

dams i ns t a lled filled up with sediment rema rkably r a pidly, 

a nd a re reducing the degree of degradation of the Numb er 1 

gully floor. Many of the poplar poles planted on t he gully 

sides an d floors have survived al t hough the mortality rate 

has been h i gh . However , these a re merely minor efforts a s 

evidenc ed by the a ctive gullying and h igh sediment lo~ ds 

still pr oduced. 

Stock in the gullies a r e contributing to the in

stab il i ty, by compa cti ng the ground and r educing the in-

filtr a tion ca~acity. The a ction of their hooves also 

contri butes to minor slippages and further exposur e of more 

substra t a . Grazing reduc es the e ffectiveness of the 

vegeta tive cover in protecting the soi l aga ins t rain impact . 

Until more fencing i s done to ke ep these an ima ls out of the 

gullies, these effects will persist. It is thus suggested 

to completely r e tire the gull i es an d increase the vegeta tive 

cover. This means permitting r egeneration of native bush 

and scrub to continue uninhibited. Supplementary planting 

of conservation species such as poplars and willows, a nd 

plants such a s lupins,which will establish on the vertical 

walls, or even converting the gully systems to f a rm forestry, 

will also be necessary. Further concrete dams may also be 

required to assist in stabilizing the streambed. 

Perhaps the most serious error was made last 

century, when the land blocks were surveyed. At this time 

there wa s no appreciation of the watershed as a unit. 

Blocks were surveyed in straight lines regardless of con

tour or watershed boundarieso This has complica ted the 
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management of individual c a tchments as entities. What 

happens in the adjacent property is of little concern to 

the owner of the rest of the watershed until drastic effects 

are felt. If on the other hand the headwaters were owned 

an d farmed by the same individua l, a grea ter appreciation 

of the overall situation would be evident. In the situa-

tion of t he study a rea , ama l gama tion of the two pr0perties 

tha t constitute the major part of the two watersheds, would 

lea d to a more economic f a rming venture, a better a pprecia 

tion of the gullying problems and hopefully better control 

measures. 

Alternatively, planting a large proportion of the 

study area in Pinus radia ta as has been done wit h co nsider

ab le success in Moars' gullies in the same district, wo u ld 

be another mea ns of a chieving control. Whichever method 

is adopted, will mean trea ting the whole area as a water

shed unit~ 

6.1 . 4. The Effects of Rainfall and Climate 

on Ero sion 

Although Te Awa and Culling's gullies a re only a 

short distance apart, there was nearly 200F, higher r a infall 

r ecorded for Culling's gully than for Te Awa in 1972. Also 

the da te an d a mount of the maximum daily r a infa ll for that 

yea r wa s considera bly different. Thus it is difficult 

to extrapolate any information from the Te Awa long term 

rainfa ll record and r e late it to the study area . However, 

despite the localized differences between the two areas, it 

was noted from the Te Awa rainfa ll figures tha t the rainfall 

since 1969 has been abnormally low in comparison with the 

figures for previous years. The normal annual rainfall 

for Te Awa is quoted a s 1016 mm , but the mean for the 

years 1969-1972 is only 810 mmo Whether the same situa

tion exists for the study area is not known. 

It was seen from the literature that the erosion 

produced a s a result of one rainfall event, can seldom 
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be compared with that produced by another because of the 

differences existing between antecedent moisture content, 

soil conditions and vegetative cover. Thus, just because 

the highest amount of rainfall was experienced during the 

March 10 storm in 1972, does not necessarily mean that this 

storm wa s the most erosive or da maging, even though this 

a ppeared to be so. 

It is well documented tha t the most erosive 

storms are the high intensity short duration events that 

occur with low frequency. Total annual or monthly rainfall, 

is not correla ted with erosion. It is the variability of 

the precipitation that is of greatest importance, especially 

in an area with such a readily erodible substrata , which 

has undergone such drastic changes in vegetative cover. 

If such high intensity rains occur a t times when the ground 

cover is lea st prepared to deal with it, very severe 

effects may result. For examp le the major storm in 

February, 1936, occurred at a time when the vegetative 

cover was incompetent as a protective cover. The acceler-

a ted cycle of most erosion in the Pohangina County can be 

dated from this storm ( Greenall et a l, 1951 ). Other 

severe storms prior to this date included those of 14/4/1 895 

and 12/5/1902, which would have occurred very soon after 

the study area was cleared of bush. These obviously would 

have majo r effects in remova l of the high fertility result

ing from the bush burns. In July, 1926, there was another 

severe storm which would have occurred at a time when the 

soil and substrata was satura ted and when attempts were 

being made to clear the scrub and fern from the study area. 

The autumn 1949 storm is recorded to have deposited up to 

1 m of sand on approximately 40 ha of river flats at Te 

Awa. No doubt severe effects would also have been felt 

over the study area , adding to the area of slipping measur

ed in the 1946 photographs. Subsequent storms would have 

had similar effects. For example, 79 mm of rain were re

corded at Te Awa on 22 January 1961 and 61 mm on 20 Decemb

er 1965. These high intensity short duration storms in 
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conjur-ction with the clearing of a substantial area of 

scrub from both catchments, probably contributed to the 

increased amount of sli pping recorded on the 1966 photo

graphs. 

Leenards (1971) makes refer e nce to a major 

flood in May 1971 changing the pattern of meander of the 

Pohangina River. This flood would have contributed 

greatly to the build up of sediment behind the newly 

installed dam in Number 1 c a tchment. 

It is a lso suggested that as well as short 

duration high intensity rainfalls contributing greatly 

to the erosion problem, there may have been long term 

changes in rainfall and climate tha t may have had simila r 

effects. It would be an interesting exercise to examine 

the rainfa ll records available from the surrounding 

districts to see whether there have been changes in the 

pattern of low intensity and high intensity r ain f a lls 

over the period since 1890 . A h igh frequency of large 

f al ls at times when the land is insuffi ciently protected 

by veget2tion would have more severe effects tha t high 

frequencies of low intensity r a infa lls under t he s a me 

conditions. 

Grant (1971) reported th a t the climate of the 

North Islan d has been more variable since the 1930s. It 

is since then that the erosion problems in the study area 

have become more apparent. Runoff was reported as being 

grea test from 1890 - 1910 with higher rainfalls over this 

period tha n in subsequent yearso These two factors 

could have had a profound influ ence on the erosion problem 

because this was the period when the greatest changes in 

the vegetative cover were b~ing experienced. The 1890s 

are also considered the stormiest years since records 

commenced in 1890. The years 1930 - 1960 were then 

more stormy than the period from 1901 - 1930. The effect 

of temperatures having risen from the turn of the century, 

with a marked increase in the 1940s and 50s could also 

have had a profound effect on the cycle of erosion. 
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Thus long term changes in rainfall r egimes 

and temperature can satisfactorily explain many of the 

problems that have arisen this century. These have gen

era lly be en attributed to changes due to land development. 

It is thus suggested tha t man 's cultural activities have 

merely accentuated the effects resulting from the climatic 

changes. Possibly the greater storminess in the earlier 

period paved the way for th e drier period to follow, thus 

resulting in man 's influence being more destructive than 

it would have been. 

* * * * * * * * * * * * * * * 
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6.2 THE QUALITATIVE USE OF AERIAL PHOTOGRAPHS 

6.2.1. Applications 

Photo interpreta tion can be defined a s the act 

of examining photogra phic images for the purpose of 

identifying objects and judging their significance. In 

this study photo interpreta tion permitted the evaluation 

of a number of fe a tures tha t would have otherwise required 

a considerab le am ount of field work to obtain the same 

information. 

Type and amo unt of erosion a nd changes over the 

period 1946 to 1972 were able to be evaluated. Drainage 

and soils informat ion was obta ined. This wa s especially 

useful as access over the whole study a rea is not easy 

and t hus a considera ble amoun t of field work was eliminated. 

Once the veget a tion was det ermine d a nd species field c h ecked 

over a sma ll a r ea , extrapolations could be made over a large 

a rea wit h minimum fie ld checking. Keys for identifica tion 

of tre e species could have been constructed if desiredo 

The differential g rouping and distribution of pasture 

weeds suc h a s rushes a nd thistles could be made according 

to s lope a nd moisture conditions. 

Becaus e less slipping wa s observed over the com

pletely scrub covered an d regenera ted areas, this is given 

a s a good reason for not clearing scrub on the steeper 

slopes as ha s been the practice only too frequently. This 

ties in with the observation made in the last section that 

increased erosion wa s evident when scrub •r ~as vere reduced. 

The identifica tion of seepage points enables 

these points of incipient gullying to be checked in the 

field so that conservation measures can be taken before 

they become a problem. Suitable areas for stock water 

dams can be identified so that once the gullies are fenced 

off there will be no need for stock to go down into the 

gullies. Stock water on the higher country appeared 

adequate for the present. 
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Topogra phical f a ctors were readily interpreted; 

steep slopes could be readily identified and the nature of 

the gullies observed. 

Thus, general observa tions that c an be ma de from a 

series of sequentia l a eria l photogra phs c a n provide a lot 

of interesting informa tion an d s a ve a lot of field check

ing. 

Limita tions 

Alth ough ma ny useful observa tions were a ble to be 

ma de there are still a number of limitations inherent in 

the us e of aeria l photogra phs for studying soil conserva

tion problems. Firstly, it is expensive to fly specia l 

runs over area s not photo gr a phed or if up to date photo-

gr a p hs a re required. 

ma jor limita tion. 

Thus, economics are the first a nd 

Secondly, it is not possible to obta in consistent 

contra sts if photograph s a r e not t a ken on t he s a me run 

a t t he s am e time of t h e y e a r under t h e s ame a tmospheric 

conditions. Also, the processing c a n result in a l a ck 

of c ontra st between desired fe a tur es. Th is was especia lly 

marked i n the bla ck a nd white photos. However, the l a ck 

of contra sts in the bla ck an d wh ite photos is offset by 

the convenience of making mea surements on the prints, 

rather than ha ving to project slides. 

Th irdly, the sc a le of the photogra phs tends to 

limit their use. For observa tions with the naked eye 

a sca le of a t lea st 1:6,500 is necessary. For stereo

scopic work, sca les 1:20 1 000 or less are generally s a tis

factory. The scale used in the study, 1:16,300 was 

found satisfa ctory for most observa tions, though for 

extremely detailed work, a larger scale would have been 

desira ble. 

The actual nature of the study area with its 

extremely steep sided gully wa lls, prohibited extens

ive observation of the channels of the main trunks of 
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the drainage systems. This was because the gullies were 

often obscured by shadows. This limited any estimation 

of costs for control measures, or suggestions for siting 

of further conserva tion structures such as dams. However, 

in an area with broader va lleys more information of this 

nature could be obtained. 

Different Film Types 

It was concluded from the study of th e three diff

erent film types, tha t more informa tion could be obtained 

more rea dily from the three, than from any one film typeo 

In effect, the results from one a dded to those of the 

others. The Kodachrome tra nsparencies gave better penetra -

tion of sh a dows, whereas the infra red colour transparencies 

f a cilita ted identification of trees and fe a tures associated 

with wat ero Both these film types were superior to the 

black and white photos for penetration of the gullies, 

microtopographical differences, pla nning of fencelines and 

discerning vegeta tive differ ences. However, these advant

ages do not offset the high costs an d greater diffic ulties 

experienced in using these films. Thus, unless these 

special purpose films are readily available and finance is 

no problem, black and white panchroma tic film will remain 

the most widely used, even though the other film types 

are more valuable for interpretation purposes. Where 

severa l film types are available one can help interpret 

information less discerna ble on the other, thus increasing 

the value of each. 

* * * * * * * * * * * * * * 
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The ba sic aspe cts of morphometric ana lysis were 

developed by Horton (1945) a nd modified by Strahler 

(1945, 1952, 1956, 1957 ). Numerous workers have utiliz

ed th e ir methods for compa ring and cha ract erizing differ-

ent re g ions and l andforms. Those used in this study a re 

merely a selection of the more relevan t and simple pro

cedures, whic h endeavour to show the basic differences 

between the two catchments. The use of stereo photo 

pa irs facilitated these measurements, enab ling more 

a ccura te delineations of boundaries to be made. 

Ar ea l Measurements. 

The a r ea l meas ur ements use d in the study were 

a dequa te for determining total area of each c a tchment and 

the a r eas of pasture and regecera tion of bush cover. 

ThG Do t Grid method was ndopted as a result of personal 

preference, t hough the other me thods used were fo und to 

be just as accurate, and some of them less time consuming 

and i nvolving less opera tor strain. The areal ana l ys iG 

of th e subwatersheds of the study c a tchments revea led a 

distinct difference between those of the badly eroding 

Number 1 gully and the Number 2 gully. A greater regular

ity of the inter-ca tchment areas in the Number 2 gully 

could ha ve been related to the greater overall stability 

of this ca tchment. However, this sort of analysis would 

have to be carried out on a large sample of catchments in 

the same area before any hypotheses of this nature can be 

suggested. Nevertheless this method served to illustrate 

the fact that there was a distinct difference between the 

two gully systems. 

The major limitation of areal analysis lay in the 

fact that the extent of gully erosion was greatly under

estimated. Lineal measurements are distinetl¥ 
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superior in measuring gully erosion. The sequential 

a eria l photos permitted the actua l r a te of gully erosion 

to be c a lcula ted as discussed in Section 6.1.3. 

6 . 3.2 . Slope Analysis 

Formlin ing wa s a useful ex ercjse in tha t it per

mitted a verage slope , generalised contours and hypso

metric a na lyses to be carried out. However, the ex

tremely steep slopes me a nt tha t contour lines closer 

t ha n 30 m a ppea red on top of e a c h other a nd too close 

together for s a tisfa ctory ana l ysis a t the sca le used . 

This could be remedied by t h e use of larger scale p hoto

gra phs. This would then ha ve permitted a more accuru te 

estima te of a vera ge slope. 

Howev er, a s anticipa ted, th e avera ge slope of 

t he Number 1 c a tchment was slightly grea ter tha n th a t 

of the Number 2 c a tchment. Th is would help a ccount 

for t he grea ter proportion of ero s ion ov er the Number 1 

c a tchment seeing run off is grea ter a nd more erosive 

over steep er slopes . The litera ture suggests tha t 

hea vier soils a re found on st eeper slope s. However, 

most of the stee pest slope s over the study area are gully 

walls and as such, have no soil cover. They consist 

of the exposed unconsolidated substrata on which it is 

difficult to induce a vegetative cover. 

Plotting the various profiles of the two catch

ments resulted in a number of striking differe nces being 

obs erved . The greater degree of degradation in the 

Number 1 catchment and steeper more irregular nature 

of the stream profile means that a considerable amount 

of erosion is imminent if a uniform profile is to be 

achieved . Plotting the profiles of a number of un

gauged streams could be a most useful technique for 

determining the erosion potential of each stream bed. 

The levels can either be obtained by field checking 
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with an altimeter or by height measurements by parallax 

differences under stereo. 

In the study a rea , a ltitude wa s not a factor 

predisposing to erosion as shown from the very similar 

curves obtained in the area - a ltitude and hypsometric 

ana lysis. 

Thus a lthough a number of morphometric tech

niques for the analysis of slope did not show significant 

differences betwe en t he two study c a tchments, this does 

not me a n tha t they are not va l uab l e methods, a s in other 

circumsta nces under a different clima tic a nd geologic 

regime, they could be most useful. 

Dr a inage Ana lysis 

Ana lysis of dra inage is prob a bly of most use 

over a l a rge diverse r egion where it is required to 

identi fy differences in t he geology and soils of the 

whole a rea . On the sma ll sca le c d tchment ba sis, the 

techniques used a re still va lua ble in tha t they served 

to show distinct differ ences in t he nature of the dra in-

age compos ition between t he ba dly erod ing Number 1 ca tch

ment and the more stab le Number 2. Extending t h is analysis 

over a grea ter a rea of th e surrounding drainage network 

could have some interesting results and permit a number of 

genera lizations to be made with respect to how the differ

ent measures influenced the erosion potentia l of the 

watershed in question. 

The slighter greater dra inage density in the 

Number 1 catchment is a result of the greater amount of 

runoff resulting from the poorer vegetative cover a nd 

steeper slopes. It can be suggested tha t the soils are 

of a slightly less permeable nature with lower infiltra

tion c a pa cities, but the significance of this is question

able . 
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6.4 CONCLU SIONS 

From the a bove discussion of the results of this 

study an d the a vai lable litera ture, a number of cone lusions 

and suggestions c an be made. 

At the beginning of the study it was known that 

the Number 1 catchment was in a more critical state with 

regard to erosion tha n wa s the Number 2 c a tchment. Com-

paring the results of a number of photogrammetric and 

morphometric measures rela ted to the hydrology of the c a tch

ments showed that Number 1 catchment had a steeper average 

slope, a different pattern of subwatersheds, a different 

drainage composition, a steeper more irregular stream 

profile an d a grea ter degree of headward gullying than 

d id the Number 2 c a tchment. These simple tec hn iques 

could rea dily be used in similar catchment comparisons to 

determine the different predispositions to erosion. 

As well as actua l quantit a tive measurements from 

aerial photos, qualitative observations ca n also be of 

value in distinguishing differences in features rea dily 

observab le from photos but more difficult to discern 

from ground level. These observa tio ns a re especially 

va luab le where access is difficult, and eli~inat· a l a rge 

amount of time consuming fieldwork. A selection of film 

types, ( economics permitting ) yi e lds better and more 

information than merely using black e.nd white pan chroma tic 

prints. 

Simple field measurements of flow and sediment 

yield can be of value in obtaining a rough estimate of 

the order of discharge and sediment load and thus of the 

severity of the erosion problem in the area under study. 

Automatic recording equipment and long term records of 

rainfall, runoff and other hydrological data would yield 

more specific information. 

From the above measurements and techniques and a 

study of geologic, soils, climatic and land use aspects 
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of the study area it was therefore concluded that, if the 

present system of management is not modified, then the 

whole of the study area, and especia lly Number 1 catchment, 

will continue to undergo the spectacular canyon gully 

erosion at the accelerated rate now in progress. The 

only area of non-critical erosion potential is that 

covered in the Raumai soils. Here the slopes are less 

steep and the vegeta tive cover of improved pasture is 

capable of holding the soil against slipping. These 

a reas lie on the higher country between the gully systems 

and should thus be fenced off adequately to prevent stock 

having access to the gullies and steeper areas . Some of 

the headwater regions where gullying has not yet extended 

could continue to be grazed if atttntion to topdressing 

and oversowing is given . Lax grazing would be preferable 

to closer grazing . Cattle should be kept out of the 

gullies at all costs. 

It is suggested that the entire area of Pohangina 

Soils excluding some of the headwater regions, should be 

retired from grazing altogether and permitted to regenerat~ 

in s crub and native bush . Farm forestry would be an al

ternative , though access for removal of timber could be a 

problem in s ome localities. 

Management of the whole study area a s a water

shed unit rather than as two distinct properties would 

greatly facilitate control measures. Possibly the most 

economic venture would be to amalgamate the two f arms , 

planting a ll the gullies in Pinus r ad iata. 

* * * * * * * * * * ~ 
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Observa tions: 

1970 ( 364) 
1971 (365) 
1972 (364, 

Mea n % 

(b) 

Yea r JAN : 

1970 
1971 
1972 774 

APPENDIX I SUMMaRY OF THE MH I N CLIMnTIC 
ELEMENTS IN THE POHnl-WI NA 
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The only r e l e va nt c urren t da t a ( other than 

r a infall ) a vai l able f r om t h e N. Z. Met . Service Meteoro

ligical Observa tions Misc . Pub . 109 , wer e the records from 

t he Ba llantr a e experimental a rea on Saddle Road 14 km S.S . E . 

of the s tudy a rea . These were felt t o be far more useful 

than the records from Ohakea or Pa l merston Nort h , but still 

not close enough to the study a rea to g ive an exa c t i ndica -

tion of the conditions to be expect ed . Also , t hese fi gures 

have only been kept for the l a st t hree yea rs and do not g ive 

l ong term r ecords. 

Ballantra e No. 1 ( 347 m a . s . l . ) 

( 1 ) Wind 

Perc en t a ge Frequency of Surfa ce Wi nd Directions 

N : N . E.: E: S. E . : S: s. w.: W: N .. W.: Calm : 

6. 2 9. 2 12 . 8 7o3 3. 6 1. 1 15. 2 41 . 0 3. 6 

3. 3 13o7 22 . 1 7. 5 3.3 2. 7 12. 2 30. 5 4 . 7 
2. 8 3. 0 13. 2 9. 6 2. 5 1. 4 20. 3 43. 6 3 .. 6 

4. 1 806 16 . 0 8. 1 3. 1 1. 7 15. 9 38 . 4 4. o 

Daily Run of Wind ( km/day ) ( men n ) 

FEB : MxR : APR : Mi..Y: JUN : JLY : i-iUG: SEP : OCT: NOV : DEC : 

538 664 662 836 
616 584 554 475 628 513 626 785 918 652 590 
598 786 916 632 598 575 1033 930 679 776 



246 

APP ENDIX I (Contd.) 

(2) TemEeratures 

(a) Extreme tempera tures averaged for 1970 - 1972. ( 3 year period ) 

Means of: JAN: FEB : f.iil-<R : APR : MAY: JUN: JLY: AUG : SEP : OCT : NOV : DEC : YEAR 

Da ily Max. 19.9 19.9 19.3 16.1 12.5 10.6 10.1 10.7 12.3 14.o 16.9 17.3 14 .. 8 

Da ily Min. 12.5 11.9 12.0 9.4 605 5.3 4.7 4 .. 7 605 7.8 9.5 10.3 8. 7 

Daily Means 1602 15.8 15.7 12.9 9.5 ~- 9 7.,5 7. 7 9.5 10.9 13.2 13.6 12.0 

Year : 

1971 
1972 

Mean 

Days of . . 

1970 

1971 

1972 

Mean 

(3) Sunshine 

Bright Sunshine ( hours ) 

J AN : FEB : W .. R: H .R : MA Y: JUN: JLY: AUG : SEP : OCT : NOV : DEC : YEAR 

143 187 198 170 95 68 101 110 113 142 217 205 1749 
207 191 129 117 118 100 96 133 125 153 122 14~ 1639 

175 189 164 144 107 84 99 122 119 148 170 172 1694 

(4) Miscellaneous 

Fog Thunder Ga le Max . da ily Da te Total r ainfall 
r a infa ll for for yea r 'mm). 
yea r (mm). 

23 4 12 58 31 March 1192 
44 3 6 71 4 May 1167 
21 3 20 85 10 March 987 

2, 3 13 71 1115 

Twenty-three-year rainfall figures were available from Te Awa . 

These are given in Appendix (4). 



APPENDIX I I 

Subst age : 

OKEHUAN 

STR11TI GRAFHI C TJ.BLE OF THE CaSTLECLIFFL-iN ST11GE 

AT Wi-.NG"NUI ( Fr om Fleming 1953 ) 

Gr oup : 

SHAKESPEARE 

KAI I WI 

OKEHU 

For mation 

Lnndguar d formation 

Undiffer entia ted for ma
tions 

Putiki She llbed 

Moc;s town Sand 

Kar aka Siltstone 

Upper Cast l ccliff 
Shell bed 

Shakespeare Cliff Sand 

Shakespeare Clif f Silt
stone 

Ta i nui Shellbed 

Pi nnac le Sand 

Lower Cast l cc liff 
Shell bed 

Se~ficld Sand 

Upper Kaiiwi Si ltstone 

Kupe For mat ion 

Upper Westmer e Silt -
stone 

Lower We s t mere Silt-
stone 

Omapu Shell bed 

Lower Kai i wi Si ltstone 

Kaimatir n Pumic e Sand 

Upper Okehu Siltstone 

Okehu Shell Grit 

Lower Okehu Siltstone 

But l ers Shell Congl om
er a te 

Makirikiri Tuff 

Memher P.tc . 

Land~uard sand 

Basal Congl omer a te 

Tawera l enticels 

Basal she ll conglom
er a te 

Toms Conglomera te 

Pec ten l nyer 

Pelecypod Shellbed 
member 

Mactra tristis l a yer 

Gastropod Shell bed 
member 

Cros sbedd ed Sand 
member 

Kaikokopu Shell Grit 

Basal Sand member 

Loca l member 

Basa l Shell Conglom
era te 

Basal She ll Congl om
er a te 
Ototoko Silts t one 
tongue 

Conglomera te members 



Unit 

1 

2 

3 

4 
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APPENDIX III GEOLOGICt L SECTION DESCRIPTIONS 

( 1) Culling 1 s Gully Section measured 

westward from axis of anticline at 

N144/267597 to waterfall at N144/265601 

( Measured with rod and level, June 16, 1973, 

by Mrs. D. Se~ard, Geology Department, 

Vict oria UniveTsity ) 

Individual 
Thickness: 

Sand 1 medium to fine: thinly 
laminated, slightly tuffaceous 

sha rp conta ct 

Silty s an d with l enses of very 
coa rse pumi c eous sand and with 
clasts of ca rbonaceous silt up 
to 0 . 3 m long. 

sharp contact 

Sand , fine to coarse. pumiceous 
with large convoluT-ions up to 
1.0 m high and of irregular form 2 

i.e. no parallelism of axesa 
Unit has extensive late~al varia
tion, e.g. 100 m upstream there is 
a lens 4.0 m long o f large scale 
trough cross-bedded medium sands 
with laminae of magnetite and il
meni teo Each set is separated by 
a large silt flaser up to 2.0 m 
long and 0.1 m thick. The 
flasers have small flame struc
tures 1 ( up to 20 mm high ) on 
their upper surfaceso 

sharp contact 

6.2 

Sand, medium to coarse, ~ninly lam- 7.2 
inated. Some very coarse pumice 
sand and a few magnetite laminae. 
Slight decrease in grain size towards 
the bottom of the unit. 

sharp contact 

Cumulative 
Thickness: 



Unit 

5 

6 

7 

8 

9 

10 

Sand , fine to medium , mod~rately 
well sorted , tuffa ceous . 
In lower 0 . 1 m intrafcrm a tio nal 
breccia with s~br cunded silt 
clasts u~ to 30 mm long ; no 
urientation o f clasts apparent. 

sha r r contact 

Sand , brown , medium , moderately 
well sor ted , thinly lamina ted . 
At 7. 5 and 8. 7 m a re thin beds 
c omposed dominantly of magn0tite . 
The lower o f these is riv1:le- drift 
cross - laminated . 

- erosion surface ~ith 
0 . 2 m r elief -

Intra form a tional breccia. Clasts 
up to 5 . 0 m long , 0 . 25 m wide set 
in very coarse pumiceous sand and 
g r a vel with ~umice and grcyw~cke 
~ebb les and cobbles up to 0 . 1 m 
l ons . The main clasts are ca r 
bonaceous silts showing r oot 
structure s a nd palaeosols . Some 
have been deposited upside down 
as the s nil is on the lower sur 
face . Other clasts i nclude wood 
fragments up to 0. 3 m long . 

Sand , grey , medium, tuffaceous . 
All with convolute lnminRe va rying 
from 0 . 05 m to 0 . 2 m in h~ight . 

Most show evidence of water or a ir 
expulsion . 

sharp contact 

Sand , light brown , medium , 
moderately well sorted , slightly 
tuffaceous , thinly lamina ted . 
Very r a r e beds of ripple- drift 
cross lamina tion up to 40 mm 
thick. 

- gradational contac t -

Alternating sands and silts . 
Sands slightly tuffa ceous medium , 
moderately well sorted , thin 
bedded , with ripple- drif t cross
lamination and bipolar orientation 
of f ore- sets. Silts , slightly 
tuffa.ceous , thin bedded , with 
rippled bases , sometimes grading 
up from the sands . 

Individual 
Thickness : 

o. 4 

0. 3 

20. 1 

4. 5 
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Cumulative 
Thickness : 

31 . 8 

32 . 1 

40. 6 

60., 7 



Unit 

1 

-( 

3 

4 

5 

hP~ENDIX III (Contd . ) 

(2) Culling ' s Gully Section measured 
eastwards from a x i s of anticline 
a t N144/267597 t o N1 44/282588. 
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( Measured with rod and level , June 16 , 1973 
by Mr s . D. Seward , Geology Depar t ment, 

Victoria Un i versity ) 

Snnd , medium to fine , t h inly 
l am ina ted , slightly tuffa ce0us . 

Sand , medium t o coarse, v e ry 
p umi ceous . La r ge scale trough 
cross- stratification grading 
into convolute l aminations 
wit h an average he i ght of 1 . 0 m 

- ero sional surface 
wi th 0 . 1 m relief -

Intraformutional brecciA. 
Clasts u~ to 0 . 7 m long , 0 . 2 m 
wide , of ash with soil developed 
on one surface; at leas t one 
clast deposited u~side-down . 

Matrix, co&rse pumiceous sand . 

- uneven sharp contact -

Sand , m~dium to coar s e, very 
~umiceous . Large scale trough 
cross stra tifica tion up to 0. 7 m 
high . 

- uneven sharp contac t -

Sand , v er y coar se , poorly sorted , 
grey- white , pyrocla stic thin to 
medium bedded , with some laminae 
and a few hori zons of rip~le
drift cross lamination . 

shar~ contact 

Individual 
Thickness : 

24 . 2 

1. 4 

0.2 

2 . 4 

3. 0 

Cumulative 
Thickness: 

24 . 2 

28. 2 

31 . 2 



Unit 

6 

7 

8 

9 

10 

11 

12 

Individua l 
Thickness : 

Sand , brown , medium , mod
era tely well sorted , 
slightly tuffaceous , thinly 
l a mina ted . 

sharp uneven c onta ct 

Intrafor mational breccia . 
Clasts of silt up to 0 . 1 m 
l ong . Matrix of si lty , v ery 
fin e s a nd . 

shaq: contact 

Sand , light , br own , medium t o 
fi ne , moderately well sort ed , 
t h i n ly l am i nated . A few 
l am i nae u f heavy mi nerals and 
s ome o f coa rse ~umice sa nd. 

shar p c ontac t 

Intraf0rma tic nal brecc i a . 
Clasts u p t o 0 . 1 m l on l o f 
silt set i n silty very fine 
sand . 

shar p contact 

Alter na ting silts a nd fine 
sands , br uwn . Sands have 
ri ~ple-dri ft cross - lamina tio n , 
while s ilts hav e rippled 
ba ses . Some wavy bedding , and 
a few flase r s . 

sharp contact 

Sand , brown , genbr a lly appears 
ma ssiv& , but some incipi &nt 
l a minat i on . To the sout h is 
a c hanne l , 3. 0 m deep and a t 
l east 15 m wi de cutting i nto 
t he s a nds . The cha nnel f i ll 
is ~arallel t o the bo ttom sur
face , becoming less concave 
upwards t o horizont a l bedding 
a t the t op . The fill is of 
silt with a few t h in beds of 
medium sand whic h has ripfle
drift cross - l ami nae . 

shar p c ontact 

Sand , br o wn , massive , 
l a minati on visible . 
Amphidesma o 

top of 0utcrop 

with some 
A few 

35. 0 

0 . 9 

12. 5 

0. 7 

3. 1 

3. 2 

20. 0 
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Cumulat ive 
Thickness : 

66 . 2 

67.1 

79. 6 

80. 3 

83. 4 

86. 6 

106. 6 
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APPENDIX I V SOIL PROFILE DESCRIPTIONS 

(1) Raurna i Sandy Loam , Profile No . 1 

Soi l : Rauma i Sa ndy Loa m, ( No . 1 ) 

Cl a ssifica tion ; 

Loca tion .t· 

Topogra phy 

Dr a inage 

Vegeta tion 

Par en t Ma t eria l 

Clima t e : 

Land Use : 

Profile : 

Moder a tely weathered Yellow Gr ey Ea rth

Yellow Brown Earth Intergra de soil from 

unconsolida ted Cast lecliffia n Sa nd. 

Ridge top betwe en Numbers 1 and 2 Gullies 

on Mr. J . Culli ng ' s property , Pohangina 

Valley . 

Grid Refertnce N144/282592. 

Loca l fla t a r ea on ridge top; a ltitude 

280 m a . s .l. 

Modera t e ly well drained . 

medium- r apid . 

Externa l dr a inage , 

Of site- p a sture ; ryeg1ass, wh ite clover , 

s wee t verna l, browntop , Scotch t hist les ; 

Pr evious Nat ive Cover- Podoca rp-broadlea f 

forest , Bl a ck Beec h on crests of ridges . 

Cnst l ec l iffian Sand of t he Wa nganui Seri es 

of the Mid Pleistocene. 

Ra i nfa ll , 1145 mm . 

Hill country s heep f arming pra ctised in con

junction with a nother block of l and in the 

same district. 

A 18 cm pale brown ( 10YR 6/3 ) silt loam ; slightly hard ; 

weak ly developed medium crumb structure with very occasional 

firm iron nodules; well dra ined; ma ny roots and rema ins of 

original for est roots; a few worms; pH 5.5; indistinct 

wa vy bounda ry. 

B1 12 cm light yellowish brown ( 2 . 5Y 6/4 ) loa my fine s a nd; 

slightly hard ; very weakly developed medium blocky structure; 

slight compa ction showing the beginnings of an incipient 
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fragipan; well dra ined; many roots, a few dead roots 

from the origina l for e st cover ; a few worms; pH 5.4; 
very indistinct diffuse boundary. 

B2 18 cm yellow ( 1 0YR 7/6 ) very fine sand; loose; 

structur e less-si ng le gr a ined; well dra ined; few roots, 

roots from the original forest cover; pH 5.0; r easonably 

distinct boundury . 

C From 48 cm dept h Gnd down, pale ye llow ( 2.5Y 7/4 ) fine 

sand ; loose; structureless (single grained); well 

dra ined; few roots in the upper parts of the horizon; 

pH 5.5; distinct pumiceous band between 77 a nd 88 cm 

depth with indistinct boundari es . 
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AfPEN DIX IV (Contde) 

Soil : 

Loc a tion 

Topography 

Drainage 

Vegetation 

Profile 

ii. 1 

A2 

B1 

(2) Raumai Sandy Loam, Profile No. 2 

Ra umai Sandy Loam ( No . 2 ) 

Low ridge of loca l spur on ridge betwe en 

Numbers 1 a nd 2 Gullies on Mr~ J. Culling~s 

property, Pohang ina Valley. 

Grid Reference N144/282592. 

Small fla t area on t op of Gpur off crest 

of ridge, a ltitude 265 m a .s.1~ 1 s loping 

s lightly to the south ea st. 

Well dra ined. 

rapido 

External drainage, medium-

Of site - pas tur e , rye grass, white clover, 

swe et ver na l 1 brownt op, Scotch thistles. 

Previous Na tive Cover - Podocarp-Broadleaf 

for est , Bl ack Beech on crest s of ridg es. 

19 cm dark grey b rown ( 10YR 4/2 ) silt 

loam ; firm; moder a tely developed medium 

nutty and fine crumb structure; moderately 

well dra ined; many roots, some earth worrus 1 

pH 6eO; indistinct boundary. 

12 cm o f olive brown ( 2.5Y 4/4 ) very 

fine sandy loam with yellowish brown 

( 10YR 5/8 ) concretions; firm; moderately 

developed, medium nutty structure with a few 

small rounded concretions of weathering 

sandstone; modera tely well drained, many 

roots; some earthworms; pH 6.5; indistinct 

boundary. 

18 cm of light olive brown ( 2 .5Y 5/4 ) 

fine sandy loam; friable; very weakly 

developed crumb struc-tu.re with .a few 



B2 

c 
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sandstone concretions; well drained; a few 

pasture roots and fine remains of original 

bush roots; a few earthworms; pH 6cO; 

indistinct boundary. 

32 cm light yellowish brown ( 2.5Y 6/4 ) 
fine loamy sand ; very friable; very weakly 

developed fine nutty structure with very f8w 

concretions; imperfectly drained; pH 6~0; 

indistinct boundary. 

from 81 cm depth and down light yellowish 

brown ( 2.5Y 6/4 ) fine l oamy sand grading 

down into fine sand; loose; structureltSS 7 

single grained ; well drained, pH 5.5. 
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Al'PENDIX IV (Contd.) 

(3) Pohangina Steepland Soils 

Profile No. 1. 
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Soil : Pohangina Sa ndy Loam 

Class ifica tio n : 

Loc a tion 

Topogra phy 

Vegeta tion 

Parent Material 

Climate : 

Land Use : 

Erosion 

Moderate ly weathered Yellow Grey-Yellow 

Brown Earth intergrade s oil from uncon

solida ted Castlecliffia n Sand formed on 

steep an d v e ry steep slopes. 

Top of spur running off main ridge on 

eastern bounda ry of Number 2 gully on Mrn J 

J . Culling's pro perty, Pohangina Va lley, 

a few hundred metres from Branch Road. 

Grid Refe r e nce N144/285596. 

Modera tely well drainedo External 

dra ina ge , medium-rapid. 

Of site - pas ture, - ryegrass , white 

clover, sweet vernal, browntop, Scotch 

and Californian thistles, other Asteracea e 

( Composita c ) spp ., with manuka and 

bra cken fer n Closeby, t hough not a ctua lly 

on th e site; 

Previous Na tive Cover - Black Beech . 

Castlecliffian S2nd of the Wanganui Series 

of the Mid P leistocene. 

Rainfall - 1145 mm. 

Hill country sheep farming practised in 

conjunction with another block of land in 

the same district. 

On adjacent slope - slipping. Severe 

gully erosion nearby. 



1-'rofi le 

A 

B1 

B2 

c 

11 cm dark brown ( 10 YR 3/3 ) fine sandy loam; 

friable; moderately developed medium crumb 

structure; well drained; numerous pasture 

roots and remains of old bush roots; some earth

worms; pH 6.0; very distinct regular boundary. 

30 cm li ght olive brown ( 2.5Y 5/6 ) light s a ndy 

cla y loa m with y e llow ( 2 .5Y 7/6 ) mottles[ firm ; 

almost compacted; very weakly developed blocl y 

structure, a lmost structureless, massive ; impL r 

fectly dra ined; numerous roots and remains of old 

bush roots; a few earthworms; pH 5.5; indistinct 

boundary . 

21 cm yellow ( 2 .5Y 7/6 ) s a ndy loam; firm, a lmost 

fri a ble; very wea kly developed blocky structure , 

almost structureless; modera tely well drained; 

some living roots a nd a few old bush roots; pH 

5.5; indistinct bounda ry. 

from 62 cm depth a nd down light yellowish brown 

( 2.5Y 6/4 ) very fine s a nd, fria ble; structure-

less, sing le gra ined; well dr a ined; a few living 

roots at the t op of the horizon; pH 5.5. 



APPENDIX IV 

Soil : 

Location 

Topography 

Dr a inage 

Vegetati on 

Pr ofile 

A 

B1 
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(Contd.) 

(4) Pohangina Steepland Soils. 

Pr ofile No. 2 . 

Pohangina San dy Loam 

St eep side o f spur running off main ri dge 

on east er n boundary of Number 2 gully on 

Mr. J . Culling's property , Pohangina Valley , 

a few hundred metres from Branch Read o 

Grid Refer e nce N144/285596. 

38° slope, EoS. E., not very exposed; 

a ltitude 296 m a .s.l. 

ModerQtely well dra ined. 

ra~id. 

External drainage, 

Of site -r ev erting pas ture, -bra cke n fern, 

ma nuka , soft fern, with pasture inbe tw een , 

- white clover , swe et vern a l, browntop 7 

and weeds including fox g love, t histles, 

r ushes, a nd o t her As teraceae (Com~ositae) 

weeds; Pr ev i ous Na tive Cover - Bl a ck Beech. 

15 cm d&rk brown ( 10YR 3/3 ) silt loam ; 

firm ; weakly developed medium crumb 

structure; moderately well draine d; 

num er o us living pa sture r oo ts and bracken 

r hizomes ; some earthworms, s mal l black 

cricke ts; pH 6; very distinct irregular 

boundary giving the horizon an 8 - 21 

cm range in depth. 

12 cm olive ( 5Y 5/3 ) fine s andy loam, 

with distinc t numerous brownish yellow 

( 10YR 6/8 ) mottles; firm, well compact ed 

a lmost lik€ a fragipan ; very weakly de

v e l oped medium nutty structure, almost 



B2 

c 

~9 

structureless; imperfectly drained; 

num8rous li ving r oots including bracken 

fern rhizomes, remains of old bush roots; 

a few earthworms; pH 6.o, distinct but 

very irregular boundary. 

18 cm ~ale olive ( 5Y 6/4 ) fine s andy l aom 

wit h faint yellow ( 10YR 7/8 ) mottles; 

loose ; very weakly developed blocl?f structure, 

almost structureless: imperfectly drained, 

a f ew living roots , some root remains from 

original forest; pH 5.5 - 6.0; f a irly 

r egu l a r but indistinct boundary. 

fr om 4 0cm de~th and do wn, pa le olive very 

fine s a nd; l oos e; structureless, sin g le 

gr a i ned ; well drained; a few living 

r oo ts a t to p of hor izon t o 80cm; pH 5.5. 

Notes : Inci pient fragi~an in B1 horizon mos t obvious 

Pohang i na Sandy Loam No . 1 ~refi l e where the B1 hor izon 

dries ou t on the t op of t he spur. Irregularity of No . 

2 profi le A horizon may be due t o an old slip on the sit. 

In both profi l es the influence of the ori gina l bush cover 

is still obvious. 
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r<PPENDIX V COMMON AND BOT,1fHCnL NAMES OF PLANTS 

REFERRED TO IN THE TEXT 

Ac a cia 

Blc.ck beech 

Br a cken fern 

Br own top 

Ca lifornia n t histle 

Climbing r a t a s 

Cocksf oot 

Coprosma ~o 

Crest ed doe;st -=til 

Dant honi a 

Fivefinger 

Foxglove 

Hangeha ng e 

Hardf ern 

Helichrysum ~· 

Hinau 

Kawakawa 

Kohukohu 

Kowhai 

La ncewood 

Lupin 

Macroca rpa 

Mahoe 

Ma ires 

Manuka 

Mapou 

Mingrningis 

North ern r a t a 

Pines 

Poplars 

Pukatea 

Rewarewa 

Rirnu 

Rushes 

ri cu.c i a sp. 

Nothofagus s olandri 

Pteridi um esculentum 

Agros t is tenuis 

Cirsium arv ense 

Metrosideros spp. 

Dactylis glomer a t a 

Coprosm~ lucida , C. rhamnoides 

Cyna surus crista tus 

Notodanthonia spp. 

Neopanax ar boreum 

Digita lis purpurea 

Geniostoma lingustrifolium 

Paesia sca berula 

H. glomera tum 

Elaeocar pus dentatus 

Macropiper excelsum 

Pittosporum tenuifolium 

Sophora microphylla 

Pseudopanax cra ssifolium 

Lupinus ar boreum 

Macroca r pa sp. 

Melicytus r amiflorus 

Olea spp. 

Leptospermum scoparium 

Suttonia austr alis 

Cyathodes a cerosa , Leucopogon 
f a siculatus 

Met rosideros robusta 

Pinus r adia t a 

Populus spp . 

Laurelia nova e - zelandiae 
, 

Knightia excelsa 

Dacr ydium cupressinum 

Juncus spp. 



Rycgr ass ( perennial 

Scotch t his tle 

Soft f ern 

Supple jack 

Sweet verna l 

Tawa 

Titoki 

Treeferns 

Tr 0e lupin or Tr ee luc erne 

White clover 

Willows 

Wi ne berry 

Loli ~ JJ perenne 

Cirsium l a nceola tum 

Histiopteri s incisa 

Rhipogoni um sca ndens 

Anthoxant hum odora tum 

Beilschmiedia tawa 

Alectryon excelsium 

Di cksonia S£E o 

Cytisus prol i ferus 

Trifolium r e pens 

Salix sppa 

Aristotelia serra t a 
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APPENDIX VI 

CLASS I 

CLASS II 

CLASS III 

CLASS IV 

CLASS V 
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LhND CAPABILITY CLASSES USED IN THE 

POHRNGINA SURVEY 

Fla t or gently rolling l and . Fertile and 

capab le of cultivation in its present state. 

No specia l conserva tion pra ctices required. 

Fla t to gen tly rolling l and . May require 

dr&ina ge or flood protection, or the like to 

make it suitable for cultivat ion. No specia l 

conserva tion pra ctices re qu ired, except perhaps 

on the rolling l a nd if t his is frequently 

cultiva ted. 

Rolling to moder a tely st e ep l and, not suitable 

for cultiva tion but v ery suitab l e for perma nent 

high pr oducing pas tur es . Requires little or 

n o spec i a l trea t men t under present managem ent. 

Moder a tely s t e e p to steep l and suitab le for 

h i gh producing pa s tur e s. Intensive special 

cons erva tion pra ctices re quired s uc h a s open 

tree planting and gully control measures. 

Very steep to precipitous l and. Use for 

p a sture is very restricted. 

or less urgent trea tment. 

Requires more 

( From Gla ss, 1957 ) 



APPENDIX VII 

Mon t h 

December 1971 
January 1972 
February 

Mo.rch 

April 

May 

June 

July 

August 

September 

October 

Novemb er 

December 

* maximum flow 

** minimum flow 
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MONTHLY DRY WEATHE.I-{ FLOWS 

(Means of t hree measurements) 

No. 1 Catchment No . 2 Catchment 

l/min l/min 

8.o 63.7 
8.o 61.4 

9.1 59.2 
11.4 54 .6 

13_..7 81 .9 
18.2* 150.2* 

1701 95.6 

13.7 109.2 
14.2 12209 

13.7 116.0 

6. 8 41.0 

9.1 54.6 

2.3** 18.2** 



APPENDIX VIII 

Measured Depth 

(D) 

(cm) 

40. 7 

8 . 9 

35 . 6 

11 . 4 

MeD-sured Depth 

(cm) 

33 . 2 

25 08 

4!t . 4 

29 . 4 

33 . 2 

36 . 8 

40. 6 
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CORRELATI ON OF MAXIMUM FLOOD LEVELS 

\vITH DISCH1-1.RGE FOR NUMBER 2 CATCHMENT 

( Raw Da t n for Fig . 5. 2 ) 

Measured Dischar ge 

(Q) 

( l/min) 

48 , ooo 

1 ' 770 

34 , 080 

3,060 

Calculu t ed Discha rge 
f r om line~r regression 

( l/min. ) 

3 2 , 020 

24 , 230 

42 , 790 

28 , 370 

32 , 020 

35 , 480 

39 ' 140 

Date 

10/11 Mar 

14 May 

15/16 Jun 

17/1 8 J l y 

Flow occurred 
prior to this 
date in month 
rec orded 

28 Jan , , 28 Sept ., 
28 Oct . 

28 Feb , , 28 J~ ug. 

28 Mo~. 

28 Apr. 

28 May 

28 Jun., 17 J ly. 

28 Jly . 

Regres sion Equation y = 91 . 84 + 961 . 69x 

r = 0. 692 
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APPEtWIX IX SEDIMEl~T LOJ.DS 

( 1) Ruw Dat a - ( Means a nd Sta ndard Errors ) 

for Tabl e VI 

Cat chment Nc· .1 Ca tchment No . 2 

Fl ood Event We i ghts of Sediment Weights of Sed i ment 
i n 100 r:i l sample 

(g ) (g) 

( 100 ml sampl e ) 

10/3/72 20. 50 1 . 84 

19 . 06 1 . 55 

17 . 10 1 . 67 

17. 66 1 . 47 

18 . 58 4- 0 . 76 + o. oe Mean - Mean 1 . 63 -

( 500 ml sampl e ) 

14/5/72 0 . 349 0 . 212 

0 . 314 0 . 206 

0 . 373 0 . 213 

0 . 330 0 . 208 

Mea n 0 . 339 + - 0 . 01 Mean + 0 .. 210- 0 . 005 

( 500 ml sampl e ) 

15/6/ 72 20 . 27 10 . 30 

18 . 58 10. 09 

19 . 80 10 . 08 

19 . 51 10 . 20 

10. 58 

Mean 19 . 84 + 0 . 36 Mean 10 . 25 + - - 0 . 09 

( 100 ml !Sample ) 

17/7/72 1.57 1.50 

1. 71 1 . 51 

1.54 1 . 52 

1. 38 1 . 51 

- + ~ 
Mea n 0. 07 + 1. 55 - Mea n 1 . 51 - 0 . 01 
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APPENDIX IX : (Cont d . ) 

Flood Event 

10/3/72 

Mean 

Mean 

(2) Raw Da t a - ( Means and Sta nda r d Errors ) 

for Table VII 

Note : 

Cl a y 

14 . 2 

13 . 1 

14 . 1 

15. 0 

14 . 1 

14 . 9 

15. 1 

14 . 3 

14 . 5 

For the ca lcula tion of St a ndard Error, the 

percentages of each part icle size wer e trans

formed using a rcsin Tab l es from Snedecor 

and Coc hr a n (1968) . 

Mec han ica l Ana lysis Percentages 

Silt Fine Sa nd Coarse Sand 

No. 1 Catchment 

7. 6 79 . 5 5 . 6 

6 .. 8 81 .1 4 . 3 

9 . 4 79 . 5 3 . 2 

9 . 1 81 . 1 3. 5 

+ 
- 0 . 3 8 . 2 + - 0 . 7 80. 3 + - 0 . 3 + 4 . 2 - 0 . 7 

4 . 9 

5 . 4 

7. 5 

6 . 2 

No . 2 Ca t chment 

79 . 8 

77 . 5 

81 . 0 

80.1 

4 . 5 

3 . 7 

3 . 6 

4 .1 

+ 14 . 7 - 0.1 6.o + 0 . 7 + 79 . 6 0 . 5 4. o :!:0 . 3 
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11.F:t'ENDIX IX (Contd . ) 

Flood Event Mechanic&l Anal ysis Perc ent ages 

Clay Silt Fine Sand Coarse Sc..nd 

15/6/72 No . 1 Ca tc hment 

1. 6 1.7 88. 7 11 .. 2 

1.5 2. 5 91 . 5 9. 6 
1. 2 2. 9 90. 0 10 .. 5 
1. 3 3. 1 92 . 1 9. 5 

1. 4 + + o. 6 + + Mean - 0. 2 2. 5 - 90. 6 - 0. 7 10. 2- 0. 4 

No . 2 Catchment 

14 . 9 4. 9 79.8 L~ .5 

15 . 1 5.4 77. 5 3. 7 
14.3 7. 5 81 . 0 3. 6 
14 . 5 6. 2 80. 0 4 . 1 

14 . 7 + + + + Mean - 0. 1 6. 0 - 0. 7 79. 6 - 0. 5 4. 0- 0. 3 

No . 1 Catchment 
17/7/72 11 . 7 10. 6 80. 5 3. 0 

12 . 5 10. 0 78 . 5 2. 9 
12. 2 8. 6 80. 1 1. 2 

12 .1 9. 7 77 . 4 1. 8 

Mean 12.1 + 0. 2 + o. 4 79 .1 + 0. 5 + - 9. 7 - - 2. 2- 0. 9 

No . 2 Catchment 

45 . 3 33. 0 30.7 0. 22 

43. 3 32 .e 29. 4 0.16 

39. 0 35 . 0 27. 8 0. 24 

37. 5 37. 8 88. 5 0.1 8 

41.3 + 34 . 5 ! 0. 7 -+ I Mean - 1. 0 29.1 - o. 4 0.20- 0.1 
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APFENDIX X (Contd . ) 

From N. Z. Met . Ser. Rainfall Observations for 1972 

(2) Maximum Daily Ra infall for 1972 

(mm) Date: 

Culling's Gully 90 11 March 

Te Awa. 49 9 Narch 

Pohangina Valley 71 10 March 

Ba lla n tru e 85 10 March 

Kamaka 81 10 March 

Feilding 91 10 March 

Pa lmerston North ( D. S. I.R. ) 84 10 March 

Ohakea 84 10 March 

(3) 1972 Rainfa ll for the Stud;t: Area and 

Surrounding Districts. (mm) 

*wettest month 

Month: Culling ' s : TeaAwa : Balla ntra e: Pohangina p . N • F&ildine; : 
Valley: DSIR: 

J a nua ry 80 38 37 71 64 65 
February 52 46 86 58 50 45 
Ma rch* 140 116 156 138 139 155 
ttpril 86 67 121 81 74 87 
Ma y 89 74 108 105 97 85 
June 80 55 61 90 36 40 
July 83 62 89 93 100 94 
August 58 50 93 69 80 54 
September 60 52 54 73 55 68 
October 102 74 95 106 65 62 
November 18 24 39 34 29 17 
December 72 51 48 63 40 32 

TOTAL : 918 709 987 981 829 804 
Normal 
annual 1016 ( -30 ) - 991 ( - 16)950( - 15) 
r a infall 
and % de-
parture from 
it. 



APPENDIX X (Contd . ) 

(4) TE AWil. 23 YEHR Rn.I NF .. LL FIGURES ( mm ) 

YEAR : JAN : FEB : .r-u ... R : APR : MAY: JU N: J UL: AUG: SEPT: OCT: NOV : DEC: TOT"L : D.:..ILY k n.X : Di-i'l.'E : 

1949 - - - 1o4 70 100 135 100 51 76 81 11 2 
1950 66 128 88 57 18 110 131 157 56 58 41 106 998 69 9 Feb . 
1951 71 57 56 105 72 58 108 84 8 158 182 169 1130 46 8 Oct . 
1952 75 93 52 52 75 171 47 65 38 49 234 131 1084 32 27 Nov . 
1953 121 89 58 96 87 58 58 41 86 144 79 149 1065 <+6 27 J a n . 
1954 19 38 69 113 47 82 119 84 85 44 99 86 850 42 1 !.pr . 
1955 15 98 43 107 11 2 104 128 141 51 139 92 45 1076 47 23 J...pr . 
1956 78 69 30 76 114 127 168 75 68 121 131 141 1206 38 14 J.ug . 
1957 53 43 50 30 192 104 93 39 57 177 138 138 11 13 41 15 May . 
1958 75 86 86 69 140 56 82 113 16 111 32 160 1040 60 23 Dec . 
1959 96 127 47 85 225 34 53 33 101 98 57 48 1009 66 12 Jan . 
1960 23 77 83 36 77 58 104 76 51 58 87 82 813 50 5 .dug . 
1961 172 66 45 84 44 88 99 196 113 17 50 47 1017 79 22 Jan . 
1962 144 38 72 60 35 171 107 76 60 116 87 128 1096 46 28 J an . 
1963 89 67 54 70 64 82 63 52 75 25 106 47 794 50 9 Jan . 
1964 88 28 81 19 75 129 137 126 114 82 29 161 1070 38 24 lfov . 
1965 112 120 20 89 40 52 107 66 52 78 110 134 1250 61 20 Dec . 
1966 67 111 36 116 46 89 140 85 60 41 11 0 44 1086 65 26 Dec . 
1967 58 - 69 76 75 59 25 130 61 101 95 150 
1968 63 39 18 156 119 144 94 72 67 148 34 137 1091 42 18 J a n . 
1969 69 72 48 55 89 73 51 72 20 38 39 80 '106 33 6 Nay . 1970 25 21 162 10 79 87 75 48 97 56 44 47 750 57 18 Mar . 
1971 120 88 27 18 153 70 33 56 90 116 69 49 889 48 4 M~y. 
1972 38 46 116 67 74 55 62 50 52 74 24 51 709 49 9 Mnr . 

Monthly 76 73 69 73 89 90 92 86 62 88 86 101 993 
Aver age : 

Note : The normal annual r a infa ll a t Te hwa is quoted as 1016 mm. 

1969 - 1972 wer 0 a bnormally low r a i r, fa l l year s . f\) 
--.) 

0 
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Te Awa 6 

Oha kea 7 

PoN . ( DSI R ) 4 

27:.!. 

AP~ENDIX X (Contd.) 

Minutes 

20 

8 

10 

6 

(5) Maximum Rainfa ll in Selected Time 

Interva ls from 10 minutes to 72 hours 

during 1972. 

Hours 

30 60 2 6 12 24 48 72 

10 17 23 41 68 90 95 102 

15 25 31 52 83 117 128 135 

10 14 24 50 79 105 117 121 
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APPENDIX XI CATCHMENT AREAS 

( Raw Dat a for Table VIII ) 

I ! 

I I Area s Co.lculo. ted from 1\eria l Photogra phs 

I No. 1 Catchment I No . 2 Catchment I 
Method of 

I 
h.:.: a cr e s : s q . inc. ! ha : a cr es . sq • in. . 

I 

Measurement . from I from . ! 
pho tos : i photos . . 

i 

Lea f Area 240 592 13.99 ! 202 499 11 .. 80 

I 
I Machine I 
I 

I I 
582 I 48~ 11.50 Weight Propor-1 235 13.75 197 

ti on 
I I 
I I 

I 
I 
I 
I 

I 
586 13. 89 495 Open Grid 

I 
237 200 11.70 

(Gra ph Paper) 

I 
I 

I Pla nimeter I 238 588 13. 91 201 497 11 . 73 
I I 

! 

I Do t Grid 235 580 13.72 
i 

196 484 11 .44 

I 

Mean Value : I 237 585 13 .. 87 I 199 492 11 .63 

R.F. = 1:16,300 
2 Acres per square inch = ( R. F o) 

I 

6,272,640 

l = 42.3 
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APPENDIX XII : ANALYSIS OF EROSION AND REGENERATION 

( da t a for Figures 5 . 5 and 5. 6 ) 

PERCENT,,GE OF TOTAL AREH 

No . 1 Ca tc hment No . 2 Catchment 

1946 : 1958 : 1966 ; 1972: 1946 : 1958 : 1966: 1972 : 

Regener a t ion 20. 0 41 . 0 13.0 33. 0 29 . 0 71.0 19. 5 38 . 0 
Pa sture 68 . 5 53.0 76 . 5 64 . o 64 . 0 28.0 75 . 5 61 . 0 
Erosion* 11 . 5 6 . o 9. 5 3. 0 l 7. 0 1. 0 5 . 0 1 . o I (tota l) I 

Gully Er osion* 4. 5 5 . 0 6. 5 2. 5 I 0. 5 0. 5 0. 5 0. 1 I 

l 
Slip Erosion 7. 0 1. 0 3. 0 0. 5 , 6. 5 0. 5 4. 5 Oo9 

! 

• Underestimated 

These percenta ges are derived from the mean value of 

four dot grid surveys over ea ch set of photos , taken as a percenta gE: 

of the tota l ca tchment arE:a s a s calculated i n t he previous section. 
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APPENDIX XIII DETERMINitTION OF ilVERAGE SLOPE 

USING 100 FOOT (30 m) CONTOUR 

INTERVAL 

hrid I No . of 
~eference : I zonta l 
j ects : 

i 

hori - !r.,ongth 
t r a ns- ~ines: 

I 
' I 

of Grid 
(inches) 

i ,No . 
ica l 
I 
I 
! 

of verti 
t r ansect s : 

Length of Gr id 
Lines : (inches) 

I No : No . 1 No . 2:1 No . 1 No . 2 : No . 1 No . 2 : 
I 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

Total: 

5 

3 

9 

5 
13 

13 

11 

11 

12 

3 

85 

4 

5 
5 

9 

6 

6 

8 

4 

5 

7 
6 

1 

66 

1 . 24 

1 ~ 38 

2 . 20 

2. 66 
4. oo 
4 . 42 

3. 53 
3 . 40 

3. 05 

1. 00 

0. 75 

1. 65 

1. 85 

2. 45 

2. 65 

3 . 11 

2. 54 
2 . 11 

1. 88 I 

1. 86 

1. 72 
0 . 85 

26 . 88 23. 42 

6 

7 

7 

12 

14 
18 

14 

12 

5 
10 

105 

7 

10 

14 

6 
8 

8 

8 

11 

7 

79 

ota l Vertical and Horizont al ,. Total length Ver tica l 
~ransects · and Hor izonta l Grid ~ . " I lines:(in.) 
I 

No : 1 No : 2 No: 1 No : 2 

1 . 48 

2. 25 
2. 61 
2. 72 

2. 78 

4. 41 

4 . 06 

3. 25 
2. 02 

1. 70 

2 . 60 

3. 10 

3. 70 
3. 17 
2 . 18 

2 . 30 

2 . 40 

2.85 

1. 52 

27 . 28 23. 82 

!Total lengt h feet 
Ion gr ound · . 
I 

No : 1 No : 

i 

2 

190 145 54 . 16 45 . 24 17355 61 , 400 

I 
No . o f cross i ngs of grid l ines per mile x cont our int erval 3, 361 

= t ao angl e of gener a l s l ope 

( Mi l l er, 1966 ) 
Average Sl ope Angle : No . 1 Ca tchment 22° 6• 

No . 2 Catchment 20° 22 1 

I< Using the 50 foot contours , the average slope a ngles were 24° 17 ' for 
~ Number 1 Cat chment a nd 21 6 1 for Number 2 eatchrnent ) . 

I 

I 
I 
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APPENDIX XIV STREAM kND CREST LINE PROFILES 

( Raw Da t a for Figures 5 . 10 a nd 5 . 11 ) 

( 1 ) 

No . 1 Catchment 

Altitude (m a . s . l . ) 

170 

200 

245 

258 

280 

285 

290 

320 

Stream Pr ofiles 

Cum ul a ti ve 
Dista nce 
on Gr ound 
from Con
fluence (m) : 

41 

1076 

2151 

21 51 

2306 

2306 

2788 

3198 

No . 2 Catchment 

Altitude ( m a .s.l.) Cuo ul a tive 
Dis t ance on 
Gr ound f rom 
Confluence 
(m) 

170 41 

200 621 

208 621 

230 1656 

238 1847 

241 1847 

260 2229 

262 2229 

290 3009 

320 3321 



I 
\ 
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(2) Cr est Line Profiles 

Eas t ern Boundary : Boundary between Western Bounda ry : 
No . 1 and No . 2 

Altitude of Cumul a tive Altitude of Cumul a tive Altitude of Cumul at ive 
Points t aken Distance 

200 
206 
222 
282 

310 
300 
312 
287 
312 
321 
324 
328 

339 
345 
321 

358 

357 
·366 
358 

(m) a l ong 
Crestline: 

(m) 

82 

137 
310 
447 

945 
1240 

1305 

1395 
1725 
1790 

1905 
2140 

2550 
2780 
3150 
3190 

3515 
3940 
4460 

Points taken Distance 
(m) a long 

200 

217 
245 
273 
280 

272 
280 

302 

305 

327 

335 
348 
334 
340 
346 

339 
358 

359 

Cr estline 
(m) 

124 

268 

745 
880 

964 

1145 

1350 
1494 
1620 

1952 
2208 
2600 
2710 

2785 
2905 
3060 
3260 
3470 

Point s t aken Dist ance 
(m) a l ong 

220 

248 

272 
290 

306 
298 
318 

305 
342 

328 
343 
342 

343 
340 
343 
344 

343 
344 
349 
346 

354 
358 

Cres tline 
(m) 

235 
290 

645 

1070 
1255 
1535 
1660 

1750 
2010 

2090 
2270 
2340 
2510 

2570 
2615 
2720 
2760 
2870 
3080 

3270 
3340 
3420 
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Al-'PENDIX XV RAvi DATA FOR CONSTRUCTION OF i1REA- HEIGHT 

riND HYPSOMETRI C CURVES 

No. 1 Catc hment No- 2 Catc hme nt 

To t a l: Tot a l: 

Con t our In t erva l: Ar ea Be twe e n Ar ea Above Ar ea Betwe e n Ar ea Abov e 

(m a . s .l. ) Contour s Indi c a ted : Con tour s : I n dica t ed 
( % ) 

Leve l 
( % ) 

Level 

( % ) ( %) 

14 0 - 170 Le s s than 100. 0 Less t han 100. 0 

0.1 0.1 

170 - 200 2 o0 100. 0 1. 8 100 .. 0 

200 - 230 5. 7 98 . 0 4. 4 98 . 2 

230 - 260 14 . 8 92 . 3 10.4 93 . 8 
260 - 290 44 . 7 77. 5 52 .6 83 . 4 

290 - 320 24 . o 32 . 8 25 . 0 30. 8 

320 - 350 606 808 4. 3 5. 8 

350 - 380 2. 2 2. 2 1.5 1. 5 




