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Preface

Sarawak - a geography of life

'Extensive, almost inaccessible swamps, stretching along the coast, must be
passed to reach the hills which in their monotonous repetition of heights and
valleys wear down the traveller, but from where the lofty mountains beyond
beckon to carry on'

I dedicate this thesis to the memory of my late parents who through their efforts
enabled me to receive the basic education which opened the door for my
professional career, but who through their premature decease could not witness the
results of their labour.

Through the instillment of the perseverance which was theirs I was able to carry on
from where they had to abandon their set task.
So numerous are those to whom I owe great thanks for their assistance in furthering
my education, that I would not be able to mention them all. Too many are the
friends and colleagues whom I shared life with under conditions of mosquito-ridden
swamps in Tropical Asia, of scouring-hot deserts in the Middle East and of thorny
bushfelds in South-Africa, than that I could express to each personally my gratitude
for their companionship.' However, they all had their share in this travelling life of
gaining knowledge where one goes.
Some mile-posts must, however, be mentioned and to maintain this metaphor I am
doing this in a chronological order.

I am indebted firstly to C.L. Lameris, M.Sc. who introduced Soil Science to me in
his enthusiastic lectures at the then State College for Tropical Agriculture in
Deventer.
I owe much to that 'master of the field' F.H.N. Razoux-Schultz, B.Sc. who taught
me to open my eyes and how to observe. I felt, Frans, that your efforts in passing
your knowledge and experience on to a youngster exceeded that required from an
older colleague.
My interest and knowledge on soil mineralogy find its source in W.L.P.J. Mouthaan,
B.Sc. I could never ask him too much. Thank you, William, for unselfish friendship.

I am indebted to my former colleague G. Murdoch, Ph.D. who gave me much
insight in handling the tool of landscape-unravelling, physiography.
To you Wouter Blokhuis, M.Sc. I owe thanks for your sense of detail of which you,
perhaps unawaredly passed some on to me, and above all for your comradeship in
difficult situations.

Through all this runs as a red thread the influence of Prof. Dr. F.A. van Baren. It
was your encouragement, coaching and guidance, Professor, which from as late
back as 1957 has lead to this goal. Without your personal interest in my work and



your assistance in the completion of my professional study after this long detour of
17 years 'gaining experience in the field' I would never have accomplished this
work.
I have appreciated very much the valuable suggestions and stimulating discussions
on some topics of this study with J.J. Reynders, Ph.D., L. Bal, Ph.D., F.H. Brook,
M.Sc. and N. de Rooy, M.Sc.
To L.P. v. Reeuwijk, Ph.D. I am grateful for his assistance in carrying out D.T.G.
analyses at the laboratories of the Dept. of Soil Science and Geology at Wageningen
and to A. Breewsma, Ph.D. for carrying out some infrared absorption analyses at
the laboratories of the Soil Survey Institute at Wageningen (Stiboka).

The assistance received from Mr. H.A. van Rosmalen, Mr. C. Mulder,
Mr. R.G. van Schouten and Mr. A.J.N. Blees in carrying out some of the chemical
and clay mineralogical analyses is gratefully acknowledged.

It is a pleasure to recall here the dedicated way in which the staff of
Mdm. C.J. Meijer of which I would like to mention specifically Miss E. de Boer,
conducted the tedious typing and retyping of the voluminous manuscript which
greatly helped to unburden the load of work.

Many of the drawings orginally used in a former work were put at my disposal again
by the Department of Agriculture, Sarawak. Alterations in these drawings and all
the original diagrams were prepared by the capable hands of Miss J.M. v.d. Horst.
This work could never have been accomplished without the support of the Director
of the Department of Agricultural Research of the Royal Tropical Institute,
H.Ph. Huffnagel, M.Sc. on whose mandate this thesis could be completed as an
official research project of the Institute.
To you Bert Muller, M.Sc. goes my gratitude for bearing with me during those years
in which this study sometimes prevailed over other urgent work of which you had
then to carry the burden alone.

Marie, your quiet undemanding nature provided the tranquil background support,
essential for reaching this goal.

Finally, with much appreciation I would like to acknowledge the assistance of the
Trustee Board of the GreshofPs Rhumphius Foundations in subsidizing the printing
of this thesis.

Post Scriptum

Prof. Dr. Ir. F.A. van Baren, die mij heeft begeleid in het tot stand komen van dit
proefschrift, overleed plotseling op 5 oktober 1975, toen het manuscript al ter
perse was.
Het overnemen van het promotorschap door Prof.Dr.Ir. L.J. Pons en Prof.Dr. R.D.
Schuiling maakte het noodzakelijk dat zij zich in zeer korte tijd de probleemstel-
lingen moesten eigen maken.
Ik ben hun grote dank verschuldigd voor het op zich nemen van deze ondankbare
taak en de wijze waarop zij mij tot steun zijn geweest.

De promovendus
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Introduction

1 . Historical background
In order to acquaint the reader with the subject of this thesis some background

information, specifically on historical aspects, is necessary.

The author has been engaged in regional reconnaissance soil mapping in the State of
Sarawak (East-Malaysia) during the period 1960 to 1970.
Apart from covering the total of West Sarawak, some 11,200 sq. km., on a detailed
reconnaissance level at a scale 1 : 100,000, selected areas were mapped and studied
in more detail down to a scale of 1 : 10,000.

The results of this mapping phase were compiled and consolidated in Memoir 1, the
Sous of West Sarawak (Andriesse, 1972).

These fieldstudies revealed that a wide spectrum of soils exist in the area, ranging
from locally so-called Humus Podzols to Lateritic soils with all possible intergrades.
During the fieldwork it became abundantly clear that type of parent material is one
of the most important soil forming factors in the area responsible for the differenti-
ation of soil types occurring over comparative short distances.

The Tropical Humus Podzols found widespread in the area on Pleistocene sediments
and Tertiary sandstones (if flat-bedded) formed the subject of two papers respec-
tively dealing with the environmental conditions and characteristics of such soils
(Andriesse, 1969a), and with the development of the Podzol morphology for which
a time-sequence present in a coastal ridge landscape served as an example
(Andriesse, 1970). Another soil group of local importance, namely the Lowland
Peats developed in coastal basins were dealt with in detail in a monograph
(Andriesse, 1974).

The two major groups of soils covering the bulk of the lowlands are not further
discussed in the present study, since they have been adequately covered by men-
tioned articles.
However, the soils occupying the upland areas, in general those areas not influenced
by a groundwater table, have hitherto hardly been studied, at least as far as their
genesis is concerned.

Most of the latter soils have developed on sedimentary rocks of clastic nature,
shales and sandstones being dominant. Relatively smaller areas are covered by soils
developed on acid intrusive and basic extrusive rocks.
In the past, genesis of soils developed over sedimentary rocks, particularly when
occurring in the tropics, has received relatively little attention and the area there-
fore provides an excellent opportunity to gain knowledge on this subject.

Of considerable interest appeared to be the observation that most of the upland

11
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soils showed podzolic features in their morphology and general chemical character-
istics. These are most expressed in soils developed on parent materials having the
highest SiC>2 content and least on parent materials with lowest SiO2 content. A
range of soils covering a spectrum from lateritic to podzolic features was thus found
to be related to type of parent material.

The mentioned podzolic features have been reason why the majority of the upland
soils were initially classified as Red-Yellow Podzolic soils (Soil Survey Staff,
Sarawak, 1966) as has been done by others with much similar soils occurring
widespread throughout South-East Asia (Dudal and Moormann, 1964). They how-
ever appear to be dissimilar from the typical Red-Yellow Podzolic Soils as occurring
in the United States (McCaleb, 1959) in that they have no textural B horizon in the
sence of an argillic horizon which is taken to be diagnostic for ULTISOLS (Soil
Survey Staff, USDA, 1960, 1967, 1970).

The thus-stated observations made during the field investigations, and the tentative
conclusions reached in that stage, provide the theme for the present thesis, which
aims to bring more clarity in and more conclusive evidence for previously made
assumptions and related hypotheses.

The author has been fortunate to be able to personally cover the whole of the
region * by fieldsurveying. This made it possible to bring together a collection of
carefully selected representative profiles which forms the basis of this study. The
sites were selected with the specific purpose to bring out the major trends in soil
formation and since this appeared to be mainly influenced by differences in parent
material, the latter formed the basis for site selection. Because of shifting cultiva-
tion practises which may have influenced some of the inherent characteristics of the
soils to be studied, another important factor playing a role in the final selection of
sites was the condition that they had to be still covered by Primary Forest.

2. Definition of study area
Although this study focusses attention on a small number of representative

profiles it would seem desirable that their localities should be seen in relation to the
total macro environment.
Therefore, in the descriptive part of this thesis an analysis is given of the whole
investigated area.

West Sarawak is the most populated, and geographically and geologically the most
heterogenous part of the State of Sarawak (see Fig. 1), which politically forms part
of the Federation of Malaysia.

throughout the text of this thesis the word 'Region' denotes West Sarawak as indicated on
Fig. 1.

13



The area of interest is roughly situated between 109 35 and 111 50 longitude E,
and between 0 50 and 2 latitude N, and lies in the north-western region of the
island Borneo.

Although the study pertains specifically to this Region, the soil types concerned
occur widespread over the whole of Sarawak and are also found in the Indonesian
part of Borneo, Kalimantan (Driessen, 1974).

14



I. Environmental Conditions

A. Climate

1. Atmospheric climate
1.1. General characteristics

The climate of West Sarawak is characterized by heavy rainfall ranging from
3000-4500 mm annually, a relative uniform temperature ranging from an average of
25°C in the coolest month to an average of 26.5°C in the hottest month, and a high
relative humidity ranging on average from 85% in the morning to 69% at noon.
Seal (1958) recognizes four seasons namely the northeast monsoon from October
to January to February, the mild south east monsoon from April to July/August
and two shorter transitional periods of about 8 weeks each in between.

The climate in general and rainfall in particular is strongly influenced by the move-
ments of the 'Intertropical Front', the zone of contact between air masses moved
by the monsoonwinds and locally present air masses. Along this front cyclonic
movements develop with a strong vertical but weak horizontal component, causing
the moisture-laden air to rise, which results in condensation and precipitation.
During the northeast monsoon period this Front coming from over the South China
sea passes the Region. This is accompanied by heavy rainfall particularly in coastal
areas. During the southeast monsoon, this Front passes once more but now coming
from the south. Most rain has then already precipitated south of the mountain
ranges forming the border with Indonesian Borneo, and the Front therefore causes
less pronounced rainfall in Sarawak. The frequent erratic movements of the 'Inter-
tropical Front' are decisive for the climatic variations which may occur within a
given year, since rainfall and cloudiness have a strong effect on temperature and
humidity. In the World Climate Classification by Koppen (1916) the climate is
classified as a typical type A, Tropical Rainy Climate. The whole Region is further
classified as subtype Af, indicating that there are no definite dry periods.

1.2. Rainfall
A detailed analysis of rainfall characteristics in the Region is to be found in

Andriesse (1972). Only those details which are of importance for soil formation are
dealt with here. The annual distribution as monthly averages is given in Table 1 for
the main rainfall stations in the Region of which the locations can be found in
Fig. 3. It is customary to consider hydrological data over continuous twelve-month
periods in such a way that peak discharges in one season are not split up if tabu-
lated or shown in graphs. For this reason the 'water year' in Sarawak is assumed to
start in June and to end in June (see Table 1). The mean annual rainfall is shown in
Fig. 2.

The monthly rainfall data makes it apparent that precipitation is significantly high-
er during the northeast monsoon (December-February) than during the southeast
monsoon (May-October). The difference during these seasons is however greatest
near the coast and diminishes with increasing distance from the sea. In an attempt
to bring order in this observed phenomenon the author (1972) placed the rainfall

15



Fig. 2 Mean annual rainfall distribution in West Sarawak
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Table 1. Average monthly rainfall of representative rainfall stations

Location 1 2 3 4 5 6 10 11 12 13

aLauuii

Elevation in
meter

Number of
recording years

July
August
Sept.
October
November
December
January
February
March
April
May
lune

uc
hi

ng

30

14

219
197
277
285
313
398
609
567
358
279
271
192

C
hi

na

m

130

31

216
230
283
344
388
599
891
679
445
307
300
204

aa

15

26

183
220
236
304
321
402
580
322
273
284
215
189

ar
at

H

15

14

191
179
255
306
325
350
476
406
327
292
240
153

un
du

j

5

29

138
141
172
108
260
423
595
556
393
181
186
177

el
ok

2

9

194
161
181
287
316
588
847
693
530
178
159
162

ss
am

<

em
on

go
k

C/3

20

9

188
199
198
235
298
456
688
647
401
290
261
189

em
at

an

C/3

5

8

171
141
169
248
311
705

1056
766
435
231
114
108

im
un

ja
n

C/3

2

14

230
221
252
286
336
482
692
459
371
288
298
177

. 
B

ed
up

C/3

15

6

175
249
152
239
250
336
321
358
351
193
258
171

am
ar

ah
an

st
at

e

C/3 W

15

38

187
186
236
374
339
398
513
462
338
303
255
177

'e
ba

ka
ng

H

30

8

201
180
249
322
296
304
405
310
251
277
219
148

im
an

gg
an

g

c/3

30

18

238
273
277
387
433
414
412
336
325
380
300
249

Total 3965 4886 3529 3500 3160 4126 4050 4455 4092 3053 3768 3162 4024



stations into four groups as follows:
Group I -the rainfall in wettest month is less than 2 times that of the driest

month.
Group II -the rainfall in wettest month is 2-3 times that of the driest month.
Group III -the rainfall in wettest month is 3 to 4 times that of the driest month.
Group IV -the rainfall in wettest month is more than 4 times that of the driest

month.

Figure 3 shows that by such a grouping 4 rainfall belts running more or less parallel
to the coast can be distinguished. Local topography, however, may be responsible
for minor differences within each belt.

In order to explain the effect of distance from the coast on precipitation distribu-
tion it must be recognized that 3 types of rainfall are playing a role in this.

Cyclonic rain is of dominant importance during the northeast monsoon and is most
pronounced in the coastal areas. Convection rain which accompanies local thunder-
storms occurs throughout the year but is generally more intensive in the interior.
For this reason during the southeast monsoon the rainfall is higher in the interior
than in the coastal areas causing in the former a more even spreading throughout
the year. This tendency is well illustrated by the location of the four recognized
rainfall belts.

Where isolated mountain massifs occur local orographie rain disturbs the general
pattern. This explains the high rainfall at S. China station which is located at the
slopes of a mountain massif.

Althought the mean monthly figures indicate a perhumid climate throughout the
year over the whole Region, the rainfall distribution over the years shows an erratic
pattern. As already mentioned this is caused by the irregular movements of the
Intertropical Front. This causes not only an impredictable shifting of maximum
rainfall from east to west (see isohyet maps for the years 1967 and 1968; Fig. 2)
but also great variations in intensity. For instance, when the Front becomes station-
ary during the northeast monsoon tremendous amounts of rain are recorded for
particularly coastal stations. So is the maximum recorded rainfall for a 24 hour
period at Kuching station 448 mm which may account for more than 90% of the
total in that month. It is therefore of importance to analyse the rainfall distribution
in more detail. Andriesse (1972) studied 10-days distribution patterns for 8 repre-
sentative stations for the years 1964, 1966, and 1968 separately. These years are
regarded as normal, being not too wet nor too dry.
The outcome of this study indicates that in all stations studied, rain falls in about 8
to 10 rainfall peaks per year, (a peak is considered to be 50 mm more rain than in a
previous decade). Very wet periods may alternate with very dry periods and this is
particularly so during the northeast monsoon period depending on the movements
of the Intertropical Front, as explained. A dry period of one week is then not
uncommon however and even convection rain is absent near the coast. During the
remainder of the year less wet periods of three days during which thunderstorms
are building up alternate with wet periods of three to four days. The frequency and
length of dry periods have been calculated for the main stations. The results have
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shown that drought periods lasting more than one week are more common in the
east than in the remainder of the area. Dry periods of two to three days account for
over 70% of the total of dry periods in the whole Region (Andriesse, 1972).

Summarizing this account on rainfall it is concluded that the total annual precipita-
tion for all stations can vary between 3000 to 4500 mm. The belt of maximum
rainfall may shift from west to east or from east to west in any given year but the
general indication is that the eastern and western portions of the Region are some-
what drier than the middle portion (probably the latter is wettest because of local
mountainous topography). The rain in most stations falls in stages and generally
8-10 maxima per year can be observed. Dry periods lasting longer than one week
account for 7% of the total of dry periods calculated for three representative years.
The difference between the seasons is greatest in the coastal belt and becomes
increasingly less apparent towards the interior.

1.3. Temperature and humidity
Temperature and humidity measurements are rare for the Region. The Central

Agricultural Station Semongok was chosen as being most representative for the
Region, as it is not too close to the sea, sheltered from wind and its elevation is
approximately 30 m. An added advantage was that close to the station a similar
recording station registering temperature and humidity under a canopy of primary
forest has been established so that the influence of the vegetation on both tempera-
ture and humidity could be studied, the station at Semongok being over grass. Figs.
4 and 5 show for both stations the temperature and humidity ranges for a full
compound year. This year runs from Oktober 1965 to September 1966 since reli-
able data for both stations were only obtainable for this period. The daily maxi-
mum and minimum temperatures averaged over 10 days periods learn that the
average maxima reached under a canopy are generally 3.2 C lower than over a grass
vegetation (both at a height of 75 cm above groundlevel) whereas the minima under
a canopy are generally 1.7 C higher than those over grass.
Vegetation therefore has a considerable influence on incoming radiation at the soil
surface and fluctuations which over grass are in order of 5.5 C are strongly dimin-
ished by a forest vegetation.

The humidity ranges show a similar trend in that fluctuations are levelled off but
average humidity values are higher under forest than over a grass vegetation.

Andriesse (1972) showed in a detailed study of the diurnal fluctuations of humidity
and temperature that the seasonal variation which is apparent in the rainfall data is
less apparent in the temperature and humidity data. The diurnal fluctuations are of
much greater significance than the seasonal ones: this is particularly the case over
grassland where daily fluctuations of both humidity and temperature are twice as
high as those under a canopy. Seasonal variation in both temperature and humidity
can therefore be ignored.
Table 2 indicates that for purposes of this study (soil formation under natural
conditions) a temperature range of 32°C (absolute maximum) to 21 C (absolute
minimum) can assumed to be present over most of the Region, the average tempera-
ture being 27°C. The absolute range in humidity under a canopy is 100-53%, the
average is 88%.
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Table 2. Diurnal temperature and humidity ranges over grass and under canopy

Temperature Over grass Under canopy
Highest maximum 35.0°C 32.2°C
Lowest maximum 26.6 C 24.4°C
Highest minimum 25.5°C 31.0°C
Lowest minimum 20.0°C 21.0°C

Humidity
Highest maximum 98% 100%
Lowest maximum 93% 94%
Highest minimum 86% 98%
Lowest minimum 46% 53%

Absolute range temperature 20-35°C 21-32.2°C

Absolute range humidity 46-98% 53-100%

1.4. Evaporation
Evaporation measurements in a Class A pan with a diameter of 120 cm are

available from Kuching and Simanggang Airports, respectively representative for the
wettest and relatively driest parts of the Region. The monthly average values for the
years 1963-1968 are given in Table 3 together with those for Bogor in Indonesia (1
year only) for comparison. It appears that the evaporation throughout the year is
higher in Kuching than in Simanggang except in the month July. This is probably
caused by stronger winds in Kuching (coastal area). The figures for Simanggang
compare well with those of Bogor. In Table 3 a comparison is also made between
the average precipitation and evaporation and if the evaporation from a free water
surface is expressed as a percentage of the rainfall it appears that the evaporation is
not directly related to the amount of rainfall. Thus, during the most rainy season
with less sunshine hours the evaporation can be greater than in the less wet season
with much more sunshine. Mohr and van Baren (1954) commenting on a similar
observation for Bogor, considered that the combined effect of temperature and
wind probably has as great an affect on evaporation as direct exposure to sunlight.
It is hereby remarked that radiation is probably more important than sunshine, and
since incoming radiation can be higher with a cloudcover than with a blue sky it
would seem possible that the season with relative severe cloudiness can also be the
season of greatest evaporation.

As far as the average percentage evaporation over rainfall is concerned Kuching and
Simanggang are comparable but monthly variations can be noticed. For purpose of
this study it can be concluded that throughout the year precipitation exceeds
evaporation as measured from a free water surface (see Table 3).

2. Soil climate
In pedogenetic studies the soil climate and particularly the temperature and

humidity are of more importance than the atmospheric one (Mohr et al, 1972)
because biological and chemical processes operating in the soil are dependent on
micro-environmental conditions.
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Table 3. Evaporation and precipitation in mm

Month

Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
Total

1 year
Bogor
(Indonesia)

141
100
147
141
145
145
135
147
152
151
102
149

1655

Evaporation

mean
5 years
Simanggang

158
135
137
141
142
130
137
136
129
147
138
142

1672

mean
5 years
Kuching

164
136
148
152
163
154
145
153
154
150
171
141

1831

Bogor

527
374
189
575
242
392
261
272
135
375
371
242

3955

Rainfall

mean
5 years
Simanggang

403
255
296
297
259
223
167
197
176
294
299
364

3230

mean
5 years
Kuching

483
683
336
218
194
194
145
204
240
350
307
443

3797

E w

Bogor

27.0
27.0
77.8
24.7
59.9
37.0
51.7
54.0

102.0
24.2
27.5
61.5

av.47.8%

in % of rainfall

Simanggang

39.5
53.0
46.4
47.9
54.8
58.2
82.2
68.8
73.3
50.0
46.2
28.9

av.54.9%

Kuching

34.1
19.9
44.2
22.3
84.1
79.6
94.5
75.0
60.6
42.9
55.6
31.8

av.53.7%

Bogor (Mohr and van Baren, 1953).



2.1. Temperature
There are no soil temperature data from the Region but Wall (1966) collected

such information from 2 localities in the North of Sarawak. Both recording stations
were sited on a grass covered sandy soil. The records indicate that the average
monthly mean soil temperatures at 30 cm depth are generally 2.7 C higher than the
air temperatures is the shade. During the less wet season this may be as much as
4.2°C. The differences between the temperatures at a depth of 30 cm and 120 cm
are not great, and generally are 0.8°C throughout the year. These values agree well
with those reported by Mohr et al (op cit) for Jakarta, Pasaruan and Bogor in
Indonesia where the soil temperatures at 110 cm exceed those of the atmospheric
temperatures by respectively 3.4°C, 3.5°C and 3.33°C. Buursink (1971) reports for
Sudan conditions a difference of 4.4 C whereas Siderius (1973) for Botswana ar-
rives at a value of 4.5-4.9 C. These values are probably higher than those reported
for tropical humid areas because of the arid conditions in both the Sudan and
Botswana. As already suggested by both authors the theoretical value of 1 C adop-
ted in the U.S.A. as being the difference between atmospheric and soil temperature
(7th Approximation, 1960) cannot be accepted for all conditions. The available
evidence would indicate that local climate can have a considerable influence on the
relation soil-air temperature.

The close relationship between the values reached by Wall (1966) and those given
for Java suggests that a value of 3.5 C may be assumed to be also correct for the
Region, that is if the soil is not covered by dense vegetation. Mohr et al (1972)
mention observations that in full shade the mean soil temperature at a depth of
30 cm is almost equivalent to that of the air. Since soil formation in Sarawak takes
place under a dense cover of Primary Forest it seems justified to assume that the
soil temperatures under natural conditions approximate those of the atmospheric
temperatures measured under the forest canopy. For this reason an average temper-
ature of 27 C as reigning under a canopy (see Fig. 4) can be regarded also as the
normal temperature at which soil forming processes under natural conditions of the
Region, take place.

2.2. Humidity
An estimate of soil humidity is in the absence of direct measurements a difficult

and complex exercise. Even when this information would be available, the amount
of excess water which is able to percolate through the soil can only be approxi-
mated by taking a multitude of other factors into account of which the most
important are precipitation, run-off, evaporation and transpiration. These factors
are again interrelated and dependent on type of vegetation, rooting depth, soil
characteristics and conditions of the atmospheric climate other than precipitation.
Numerous attempts have been made to calculate the excess water being available
for leaching by estimating the varous losses through the vegetation either as eva-
poration, transpiration or evapotranspiration. Most notable attempts are those by
Thornthwaite, 1948; Penman, 1948, 1949; Prescott, 1949; and Turc, 1953; but
none of these appear to be valid for humid tropical areas. Papadakis (1961, 1970)
introduced concepts such as the 'leaching index' in which evapotranspiration is
calculated by using various atmospheric climatological data such as saturation va-
pour pressure and atmospheric vapour pressure, 'normal (Ln)' and 'maximum (Lm)
leaching rainfall' respectively being the difference rainfall minus evapotranspiration
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