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ABSTRACT
 

The multiple field, multiple crop, toposequence rice-based model IRRIMOI) was 
tested for sensitivity to its climatic and soil input parameters. The climatic 
parameters are rainfall, solar radiation, pan evaporation, photoperiod, and 
maximlum and minimum air temperatur,>. F.ch JlinIoah parameter e.cept 
rainfall is an average daily value for each week I'lcilatC,'d over 20 yeirs. Twtnlty
one soil parameters descrbe 11he soil and ield Msi tion of each field in the 
toposequenlce.
 

IRRIMCI) was itlch more sensitns it) climatic t)a!aneters than to soil 
parameters. The iodel was moSt SeilitIvc to tl1:1xihiim'1 and lllinillU teln
peratume. Of the soil parimtmetcr,, Imode! ,mol'-t tothe %%; seniSitie hy draulic 

parameters such as soil water-holdit, caMcitv ztsatualtiomi, field capacity, and 
the increase in soil percolation rate under ,hv .Ceded rice. Two paMrameters that 
describe amnmonificatioi rates were also !oipolIant. 

When standard soil and crop paammt2-rs wele uised and :limnatic properties 
were combined to reflect location dil' eren~es, the model predicted a 0,.6', gross 
income increase by moving to a 28) latitude and almost no change tor the 
toposentence by moving to 10 latitude compared to 140 latitude. In the latter 
comparison, all of the fields except one in a toposequcmcc of five f lds shiowed a 
predicted yield and gro,;s income dLcIase. 

When changes in soil pionerties were combined, increased compaction 
caused a predicted yield and gross income decrease. Decreasing compaction 
increased yield and gross income for the upper fields ina t oposequence but 
slightly decreased yield and income for lower fields. By combining soil property 

changes in another way, the model predicted higher yield and gross income for 
increases in both sand and clay content. 

'By F. D. Whisler, visiting senior scientist, Multiple Cropping Department, International 
Rice Research Institute, Los Bafios, Philippines. 
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SENSITIVITY TtSTS OF THE ENVIRONMENTAL VARIABLES IN IRRIMOD 

The multiple field, multiple crop rice-based simulation 
model IRRIMOD was developed by Angus (197)) and 
Angus and Zandstr (1980). It is a toposequence model, 
described by its ant hors as being at the 

"agronoli, level ..... .and is not intenided to 
cover the detailed processes included inflysiolog-
ical models, nur to have the regional scope of 
econo:)iic Models. \n attetIpt has been made to 
try to account fbr the imporltaut variables af-
tecting crop production, and not just the ones 
which arc relalively well undcrstood such as 
photosynthesis, wit le totally ignoring important
but little researched tactors." 

IRRIMOD not only includes plant growth as a function of 
clintatic and soil hydrologic properties but also attempts to 
account tom nitrogen fertility levels and trantsformations. 
These factors are applied equally to rice as a dry seeded, 
wet seeded, transplantied, or ratooned crop and to the dry 
season ci ups ttungbean, ntai/e, or sorghum. 

IRRIMOD is driven by the clintatic parameters of 
daily raintfil, pan evaporation, solar radiation, photo-
period, and iaximtin and minimum air tenperature. 
'Fite soil patameters describe hydraulic properties for 
calculating soil water balance, paraiteteis to describe field 
positions in the landscape, and variables to calculate soil 
nitrogen balance. 

Some validatio:t tests that compare model output 
to independent field data are given it Angus' publica-
tions. However, not every part of tie model has been 
validated. The model's responses to chattges in input 
parameters should also be tested. This is sensitivity testing 
or analyses. The following is a description of systematic 
changes that were made individually and as a coribniation 
of environmental parameters, and a discussion of Some of 
the mliodel's calculated outpits. 

METHOD 

Two versions of the program were prepared. In one, theclimatic variables could be changed independently or in 

,,ontbination and in the other soil relationship parameters 

,ould be changed independently or in combination. All 
other model parameters were lield constant (Whisler 
1983b). In any given test a percentage change of a partic
ular variable or variables was made with all others held 
constant. For example, the amount o rainfall oit any day 
could be changed but Iot the day of the rainfall. By chang
ing the sign of the percentage, the magnit'ide of the variable 
could be either incicased or decreased. 

The crop growing season in the Philippines begins in 
April in the eastern part of the country and progresses 
steadily westward (Zandstra et al 1980). Angus' molel 
begins 1 April and calculates the soil water balance for each 
field inthe loposequence. A ittaximIIUnI of 10 fields are al
lowed bilt 5 ale lsed lele (Fig. I ). When the water balance 
is sufficient, tie first dry seeded crop is planted and 
harvested, and subsequent specified crops are planted and 
harvested. A maximnum of. three crops are grown in one 
season. 

The values of weather variables used in IRRIMOD are 
given in Tables I and 2. Table Igives the weekly average of
daily pan evaporation, solar radiation, inaxinun and 
tininum tetlperattre and phtltoperiod for 20 years from 

records at IRRI or (lte University of thie Philippines at Los 
Bafios (Angus and Manaio 1979). Table 2 is tile dailyactual 
rainfall in 1980, beginning iii April, that was used in these 
sitiulaliorts. Because these are sensitivity tests and not 
validation tests, fle Jantuarv-March data are also for 1980. 

A list of soil vailables and h1eir units is given in Table 
3. The standard values of soil variables for each of five 
fields (Fig. 1) are givei in Table 4. These soil data are from 
toposequence Iields inOton-Tigbauan, Iloilo, Philippines 
(Roxas et al lI,'2). 

The tests were iade as follows: 1)climate variables 
were clhanged by ±10':1and ±50r(. 2) Soil variable!, were 
changed by ±201;. (A ±20(:' value was chosei because it 
wouli normally be large enough to detect for nieasurable 
parameters and would register chtange it the model is at all 
sensitive.) 3) Combinations of climate variables were 
changed to simulate other clinilatic zones or regions to see 
what the model would predict for regions north of or closer 
to the equator than IRRI (140N). 4) Combinations of soil 
variables were changed to simulate soil textural changes 
and soil compaction changes. 

Summit 
ImFe I Ploseoue p pd

J 
/1Ftebd 2 slope Upe 

Rdd 3 pla,n Lowpr 
f Fed 4PIowf5m F ied 5 

00oM 

1.Schernatic diagratm of toposequence used in IRRIMOD. 
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.ESULTS ANDI)DISCUSSION 	 nitrate nitrogen cotntent, planting and harvesting date, and 
total gross income per field. Only a few of these quantities

IRRIMOD calculates several soil ni crop quantities such are discussed here. Because the model is incontpletely 
as total ah',vegI oi)d hioniass, grain weight, crop nitrogen validated, many of the results will be shown as a percent
accumulation, soil water content, soil amonimiul and change from the standard simulation (0W( change in any 

Table I. Values of sonic weather variables at IRRI-UPILB. The values are the average daily values for cacti week of the year beginning I April
(Angus and Manalo 1979). 

1. 7.6 7.8 8.1 7.8 7.6 7.2 6.7 0.3 5.9 5.6 5.3 .1 4.8
4.7 4.6 4.5 4.5 4.5 4.5 4.4 4.3 4.2 4.2 4.1 4.1 4.14.2 4.3 4.3 4.2 4.1 3.9 3.7 3.6 3.5 3.5 3.5 3.6 3.73.9 4.2 4.5 4. 5.1 5.3 5.6 5.8 6.1 6.4 6.7 7.0 7.3 

2. 567 588 579 568 550 529 5I 1 498 483 472 462 452 441
429 418 408 :98 389 382 374 376 379 382 384 385 383380 376 372 362 350 336 322 312 307 302 203 310 320332 351 370 387 408 428 443 467 484 504 521 537 553 

3. 32.7 33.1 33.4 33.7 33.9 34.0 34.0 33.8 33.6 33.3 33.0 32.6 32.432.1 31.9 31.7 31.6 31.5 31.4 31.4 31.4 31.4 31.4 31.4 31.4 31.3
31.2 31.1 3 1.0 30.8 30.6 30.4 30.2 29.9 29.6 29.4 29.2 29.0 28.9
28.8 28.8 28.1) 29.1 29.3 29.6 29.9 30.2 30.7 31.1 31.5 31.9 32.3 

4. 22.1 22.4 22.7 23.0 23.3 23.5 23.6 23.6 23.6 23.5 23.5 23.4 23.423.3 23.4 23.3 23.3 23.3 23.2 23.2 23.1 23.1 23.1 23.1 23.0 22.922.9 22.8 22.8 22.7 22.6 22.6 22.5 22.4 22.3 22.1 22.0 21.8 21.621.4 21.0 20.8 20.6 20.5 20.6 20.7 21.8 21.1 21.1 21.4 21.6 21.8 
5. 12.5 12.6 21.7 12.8 12.8 12.9 13.0 13.0 13.1 13.1 13.2 13.2 13.113.1 13.1 13.0 13.0 12.9 12.9 12.8 12.7 12.6 12.5 12.5 12.4 12.312.2 12.1 12.01 12.1) 1i.9 11.8 11.7 11.7 11.6 11.6 11.5 11.5 11.511.6 11.6 11.6 11.7 11.7 11.8 11.9 12.0 12.0 12.1 12.2 12.3 12.4 

1. Average daily pan evaporation (min d-' ). 2. Average daily radiation (cal t'in d-1 ). 3. Average daily inaxinu n temperature (C). 4. Average
daily minimum temperature (C). 5. Average daily pholoperiod (1i d' . 

Table 2. Rainfall (mni) at IRRI aisrcpnrtcd by the Agroclimatic Service Unit for 1980. 

Rain fall (ram) 

Day Apr May Jn Jl Aug Sep Oct Nov l)ec Jan Feb Mar 

1 1.3 0.2 1.0 0.8 11.2 126.5 11.4 
2 2.8 8.4 52.6 0.8 
3 	 4.3 3.3 1.5 0.2 1.0 4.1 0.2 
4 0.8 10.9 7.4 1.) 
5 0.5 4.1 31.2 3.3 29.0 	 2.5 1.5
6 0.8 1.3 17.3 1.0 1.0 
7 13.2 1.0 0.8 1.3 5.6 1.3 
8 	 5.6 24.4 1.5 13.7 
9 3.6 6.9 1.5 2.0 0.2 39.6 	 4.6 
10 2.0 9.9 9.4 14.2 3.6 1.5 
I1 5.6 26.4 5.8 6.1 3.3 0.2 
12 1.5 3.8 34.0 1.5 15.8 0.8 
13 1.3 34.5 13.2 0.2 23.6 11.9 
14 52.8 4.8 1.5 0.5 17.8 0.5 
15 21.3 0.2 10.4 13.5 0.5 
16 0.2 0.2 0.5
 
17 
 1.0 7.9 10.4 6.1 11.2 
18 134.6 9.6 5.3 30.2 
19 4.3 71.1 27.7 12.4 7.4 2.0 
20 24.6 3.8 7.6 36.6 31.2 16.8 0.2 
21 113.0 10.2 3.3 
22 	 8.9 3.3 1.5 23.9 1.3 0.2 
23 	 8.1 61.5 73.7 0.5 0.5 14.6 
24 1.5 71.4 3.5 3.0 1.3 92.5 
25 18.0 1.1 0.2 194.1 1.0 2.3 
26 0.8 5.1 19.3 46.9 
27 3.8 8.9 2.8 0.2 6.9 
28 20.3 0.2 12.4 1.3 0.5
29 51.3 0.8 6.9 0.2 9.6 (1.2 0.2 
30 4.1 4.1 8.4 11.7 20.6 11.4 1.0 0.8 
31 18.5 14.0 5.1 0.5 
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variable). Table 5 gives some of the results of the standard 

simulation. Tie cropping sequence was dry seeded rice 

(DSR), transplanted rice (TPR), followed by mungbean if 

there was sufficient soil moistu,e. 
Grain yield is a function of the crop hiomass and 

stresses it Ias undergone (Angus 1971. The upper limits 

Table 3. Soil variables used and tested in IRIMOI). 

ariabe --

Variable 

KI leight of tiel above datum level (in) 
2 'erched water when piddled zone is saturated (in) 
3 Percolation rate when puddted zone is saturated 

(rn d-' ) 
4 Seepage rate when puddled zone is saturated 

(tro d-') 
5 )epth of water table at its deepest extent t)in 
6 Soil water in futly saturated profile-excluding perched 

water (tuu) 

7 Soil water in (trained subsoil (tom)

8 Soil water in drained subsoil depleted by upland crop81utri) 

9 Coefficient of uptlow from subsoil to puddled soil 
(D-less) 

10 Saturated lateral conductivity of subsoil (trtt NIi-' ) 
It Maximut amount of' ammonification in ptddtled zone 

in a year (kg N ha-' 
12 Constant of curvature for ammonification in puddled

sodl °C-'13 llalf-lifc of NO in a fhoded soil (days) 

14 Perched water when rice dies in puddled soil (tttt) 
15 First stage soil evaporation Ormi) 
16 Second stage soil evaporation for puddled soil (mit 

d-' to -0.5) 
17 Perched water req uired for iry seeding (ini) 
18 Starting value of perched soil water (tm) 
i9 Starting value for soil water (ram) 
23 "Field capacity" for pddled stil (ttm) 
21 R;; Jo by which percolatioi rate increases with DSR 

Table 4. Standard parameter values for cacti of 5 fields in the topose-

quence.
 

K Field 1 Field 2 tield 3 Field 4 Field 5(sutimmit) (plateau) (side slope) (tipper plain) (lower plain)___________Mungbean 

1 5.0 4.0 3.0 2.0 1.0 

2 150.0 150.0 150.0 150.0 150.0 

3 7.0 1.1 9.0 1.1 1.5 
4 .1 1.1 9.0 1.1 1.5 
5 2.5 2.3 2.2 2.0 1.5 

6 1000.0 1000.0 1000.0 1000.0 1000.0
7 700.0 700.0) 700.0 700.0 700.0
8 500.0 500.0 500.0 500.0 500.0 
9 5.0 5.0 5.0 5.0 5.0 


to 50.0 50.0 50.0 5.0 50.0 

10 25.0 35.0 45.0 45.0 45.0 

12 3.5 35 35 3.0 3.0 
13 3.0 3.0 3.0 3.0 3.0 

14 60.0 60.0 60.0 6(.0 60.0 


15 10.0 10.0 10.0 10.0 10.0 
16 5.0 5.0 5.0 5.0 5.0 
17 85.0 85.0 85.0 85.0 85.0 

18 70.0 70.0 70.0 70.0 70.0 

19 675.0 675.0 675.1 675.0 675.0 

20 110.0 110.0 110.0 110.0 110.0 

21 1.5 1.5 1.5 1.5 1.5 
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for plant bionass are I I t ha-' for rice and 4 t ha- for 

inunghean. 'Tese limits are below [ie IRRI experiment 

station ulaxiniuon, hot aie genierally higher than farmer 

levels (Angus, pets. cotmmtii.). 

Climatic variables 
IRRIMOI) simulates dry g,ain weight as kg ha-' . The 
percent changes in grain weight caused by altering climatic 
variables are given in Table 0 for each field and crop and ill 

Figures 2-4 for each crop in field 5. Small changes in rain

fall (±10'. ) usually p, oduced small changes ill the predicted 

yield ( ±7,; ): latgei ( (50': ) changes generally pioduced 
larger changes it the predicted yields, followintg a mono

tonic pattern. That is, a 50'; increase or decrease in rainfall 
would predict a larger increase r decicase in yield than a 
10'7( change it jinfall (see also Fi. 2). In som e cases, 

changes in predicted yield were more than proportional to 
.the rainfall change. For example, a I 0'7; decrease ill rainfall 
for I)SR ill field 3 (side slope) predic ted a 4.51S decrease in 
yield, while a 501; decrease ill raiifall predicted a 581," 

decrease ill yield. Most changes iii yield were of tie same 
algebraic sign as tie iainfall change. As might be expected 

from their latidscape positions, field I was bentefited more 
by increased rain fall and fields 4 and 5 were more neg:ative
ly influenced by reduced tainfall. 

The nodel was not as sensitive to pan evaporation as 
to rainfall. Predicted changes usu:dly were monotonic but 
opposite ill sign to the chages of pan evaporation (Table 6, 

Table 5. Predicted crop yield for cacti crop on cacti field of the 
toposequence, gross income for each field, planting and harvest 
dates for each crop and each field from IRRIMOD for tte standard 

case. 

Yield (;ross Planting Ilarvest 
-

('rop ( Iieloe1 da-)(yt 

Field IDry seeded ce 1494 1 - 6 23 9189 24 - 9 27 -11 

2241 

Fieli2 
Dry seeded rice 3788 1- 6 21- 9 
Mungbean 185 7- 10 10-12 

4714 
Fiel. 

Dry seeded rice 3387 1 - 6 22- 9 
Mungbean 188 29- 9 2-12 

4326 
Field 4 

Dry seeded rice 3935 1 - 6 21 - 9 
Transplanted rice 2531 1 - 10 31 -12 
Mungbean 228 1- 1 6- 3 

7607 
t.ieH 5 

Dry seeded rice 4030 1 - 6 21 - 9 
Transplanted rice 2530 1 110 31 -12 
Mungbean 235 7- 1 12- 3 

7737 
ao_________ratewas_____________Conversion rate was iP7.38/US$. 
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Table 6. Effect of changing weather variables on simulated crop yield as a 7,change from the standard. 

Simulated crop yiehldas ' change from standard 
% change ...

Variable of variable hjeld I ield 2 I'-ld 3 ]-ldeh 4 Field 5 
)SR IMung l)SR [PR Mona I)SR I IR Mule )SR [PR Mone I)SR 'PR Nung 

Rainfall + 10 2.4 0.0 2.9 2503" 23.4 7.3 0.0 -0 0.6 3.5 01.0 (.0 2.3 - 1.0 0.5-10 - 2.0 - 0.2 - 6.4 0.U 0.0  .4.5 0.( 0.3 - 6.5 - 13.1+50 0.0 - 6.3 0.2 - 1.316.1 0.3 6.1 1.1) --0 21.3(.8 0.0 -- 2.0 7.1 - 2.1 5.1 4.2 - 2.3 4.1- 3-50 (.7 30.5 0.0 .030.6  - 0 -. 57.7 o.0) .3 - 31.0 63.3- -100h - 31.1 - 45.9 -l0ob 
Pan evaporation +10 - 2.5 -- 0.2 -- 4.6 ()(I .0 - 4.3 0.n0 (.3 4.7 - (.2 0.0-(1 3.A 3.1 

- 2.8 0.1 - 1.3(0.0 2246" 23.4 7.7 ((.20. 3.7+50 0. 0.0 2.2 0.0 1.416.0 - 0.8 - 21.7 0.0 0.0 l0.0 0.0 0.3 - 23.1 62.3- -1001) - 22.0 0.1 - 1.9-50 26.1 0.5 6.9 0. -0 .O 20.5 0.0 -- 2.o 7.7 - 3.6 - -100 1I.h 4.3 2.4 

Solar radiation 
 + 10 5.9 8.6 9.2 (.0 9.1 1t(.5 (0.0 8.8 9.8 8.7 8.1 8.79.7 7.7-10 - 7.1 - 9.5 - 1 I. (l  9.8 - 2.3 0(. - 9.6 - 11.7 -- 9.8 - 9. 0 - 11.5 -- 9.8 - 8.7+5(1 20.7 34.5 32.5 H.0 36.8 37.4 0.0 35.3 34.9 33.4 31.2 33.434.3 29.2-51 - 51.3 - 53.2 - 69.0 n.n - 53.Q 70.5- G.00. 53.5 - 7(.2 58.0 - 52.5 . 70.1 - 58.0 - 51.9Maximum tenmp +10 -- 9.7 - 14.7 19.4214" 9.0 - 21.6 (.0 - 14.5 2((.8 - 8.3 -- 11.7 2(0.( 8.3 - 9.3-10 3.8 9.6 10.9 0.0 12.1 12.7 (.0 1.3 11.8 - 6.1 15.4 10.1+50 - 87.0 - 78.7 5.1 11.3- 94.2 729" . 59.3 - 9.. 733" --6.1 - 94.5 - 71.2 - 66.8 -- 94.0 - 71.3 - 61.4-50 - 29.2 3.1 18.4 0.0 5.1 - 16.4 (1. 3.4 -- 18.9 -100' - 14.4 -- 19.4 -1001, 1.2Minimum temt +10 - 6.4 - 1(0.5 - 14.6 2382' 13.M 14.8 I1.0( 1(0.4 - 15.0 - 5.6 - 8.4 - 15.4 5.6-- - 6.1-10 4.1 7.7 0.09.6 7.5 1(0.9 0.(U 8.1 10.3 1.1 10.0+50 - 61.2 1(.2 2.5 6.6- 62.1) - 80.1 1314" 38.4 80.4 112" - - - 48.0 38.1 80.9 - .19.7 80.9 - 48.(0 - 47.2-50 - 15.5 11.7 1-.1 0.(1 15.2 4.3 0l.0 13.1 2.0 .- 67.8 -(1( 1' 1.5 4(0.9 -100'Photosynfletic +101 9.0 - ( 1.6(3.9 0O.0 1.0 16.9 0.0 0.0 15.1 6.9 2.7day length -10 14.8 1.9 0.02.7 o.2 - 6.0 2136" 21.3  5.5 0.0 ((. -. 6.4 - .7 -+50 1.7 - 6.2 - 1.7 0.0-lOO -10o(0--loo, 0.0--]()o( -I 0(o) 10.11-IOW -lo(o) -I(0' --l0)" --l0ot .0o0 -(00"'-50 - 5.1 0.3 - 9.4 246-) a 

20.7 •9.4 0.0 0.0 - (0.0 - 2.0 -- 2.2 - 9.8  2.0 0.0 
aCrop was planted i thistest, hut not in the stantlard ctsc. ('rop was planted but n1ot harvested within the same cr4l) year. 'Crop was not
 
planted in this
test, but was in the standard case. 

Fig. 2). Th' lowet fields were more affected by changes ill jarying radiation were mote svitinetrical about zero thanevaporation than were upper fields. tie rainfall variable (Fig. 2). As with rainfall, the predictedSolar radiation had a slightly greater inlunence on tie ''haiges were usually of(Iho satie algebraic sign as tlenodel predictiits than rainfall, and clhanges poduced by change in the solar radation (Figs. 2-4). Field position in 
the lop)oseqtence had littleeffect, lowevet.
 

Cha .
Change. (T,(I_ ino. ...crp yield . . . . ..... ......i IRRIMOD often is ittorechanges than to changes il any respotisive t( temperatureother variable, and is more 

30 sensitive to daily tiLximuil than (0 iti mperaures 
0- I larger nutmbera 10','ischange was applied to each, and 10': of abecanse 
o-- - lrger thain 10,; of"a smaller number.cause daily average temperature is im portant lo 

Be
aty of 

o0 I i . . . .- i tie model's equations, changing the maxithnutil temperature
-o-

mitnade bigger nunerical changes than changing [lte mininum 

20t tleniperalure. The projected yields often are changeu more-30  ithan change [lie tenperalure (Figs 2, 4) because
tie in 
- ..........
 temperature is important in tie nodel's phasic develop

50 prome ent, growthi 

-60 -60 ncrfose f dcreae (Agus1979). 
iPercentOf rate, and nitrogen transformalion equations 

Ordrea-e The model was moderately sensitive to small (10%)-70 . 0 -50 clianges in photoperiod. Larger (50',) changes often pre
-80- dicted crop failure. The DSR crop was most affected by-90 m changes inlhotoperiod with little variation over landscape 

..-
R afif ll 

v- - . 11. - . -- position.P o n S olar Mq ,oer ,l; m , , m Da y len t h) 
I was grown during the longest photoperiod, 

......... .....
evop,,n ,olen. 
 .
 causing cllatiges in the variable to be of substantial miag. 
Weftwir porormelerf, ni tiude. 

2. Crop yield for dry seeded rice in field a function of'change The effect of changing rainfall (RF)in the weather parameters. 
5 as on predicted bio

mass development and grain weight for DSR and TPR are 
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Change l%) in crop yield 

-t 

-2(j 

-30 -C 

-40.-
7,S. 

-50-
.. 

' Ptero'-i of pororr'tlci 
-70 r- i ncretisc or decreaw.P 

-a- +to [I -to ' 
- ,0 

k le, 2 % ernp l, i p ltfl,,(i th 

e, fmJ-frwt,, 

3. ('rop yie!d for transplan ted rice in field 5 as a functio;t of change 
in the weather parameters. [he " stands for tile tact that a crop was 
either planted and not huvested or not planted in this case, but was 
in the standard. 

Charige rcrp)e ep eld 

40 - Percen of prameer 
rcrease or decrease 

30- U-o 

W + 5o - 10 


20 - +10 -50 

10 r 
-o -01-k

-10 -tDS-10 -

-20 

-3 

-50 2 2 

-.o 

-70--

Rainfall Pon Solar Max temp iPMin tetmp Day*Nth 
epoa on rodiation 

Weather parameters 

4. Crop yield for mungbcan in field 5 as a function of change in the 
weather parameters. The ? stands for the fact that acrop was either 
planted and not harvested or not planted in this case, but was in the 
standard. 

shown in Figures 5-7. Figures 5 and 6 are for DSR on fields 
I and 5, and Figure 7 is for TPR in field 5. Comparing 
Figures 5 and 6 shows growth rates are much faster in field 
5 than in field 1, that is the slopes of the curves are steeper 
in Figure 6 than Figure 5. Comparing Figures 6 and 7 shows 
that despite a lag phase or very flat slope in Figure 6 bio-

'~ rr , I' 
S. .',"s kq' o ,2 k(i ruJ * 

S10 

0-" - -''o' 

° 
20 4C F ," 7' F ,<X-, 'Z 

Bionss accumulation and grain weiht accumultion for dry
 
seeded ice in field I as chand by the'amount t' rainfall (RI.
 

= S days after seedint. 

;. . ' ,, 

/ 

/ /P -a, 
/ /

4/ / ,,, -.,o I - / 
- , 

2 10, 

04-50o
 
0 20 40 60 80 02 1203 H,,
 

05
 

6. liolrnass accumulation and grain dry weight accurutlation for dry 

seeded rice in field 5 as changed by the amouut of rainfall (Ri-. 
=days after seeding. 

Blomcss ikgha , 1:3) 'O r ' 

6 s~o o , - - --

/S'do,do'd 

2 

0 20 40 60 90 . ,0 90 1(20 

Dr 
7. Biomass accumulation and grain weight accumulation for trans
planted rice in field 5 as changed by the amount of rainfall (RF). 
DT = days after transplanting. 

mass for the first 20 days after seeding (DS), the growth rate 
thereafter quickly becomes greater than that of the trans
planted crop. Figure 7 and Table 6 show predicted reduc
tion in grain weight and biomass for ±50Y% changes in rain
fall. The yield and biomass reduction is to be expected for a 
50% decrease in rainfall. The reduction due to a 50% in
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Table 7. Effect of changing weather variables ott estimated planting (P)and harvesting (11)dates as the number of days of difference from the
standard. 

No. of days of difference flort standard 

Variable 	 change lField I 
variable Df Miung I)SRt)SR 

____P I P 11 P' It 

Rainfall 	 +10 0 0 0 0 0 f 1 
-10 0 - 1 1 - 1 0 - 1
+50 +1 + 2 2 + 2 +1 2 
-50 0 --4 4 -4 0 -4 

Pan evaporation +10 0 -1 -1 1 0 0 
-1I0 0 + 1 0 
 + 3 0 0 

+50 0 -- 5 -5 - 5 0 -3 
-50 +1 + 3 + 3 + 3 +1 + 3 


Solar radiation +10 0 0 
 0 0 0 0 

-10 0 0 0 
 0 0 0 

+50 01 0 0 0 0 0 


-5(0 0 0 0 
 0 0 

MaximumtMeop +10 0 + 3
+ 3 + 3 0 + 3 

--10 0 --4 -.4 - 4 0 - 4 
+51 0 + 6 + 6 + 8 0 + 7 
-50 0 65 -65 --77 0 -62 

Minituto temnp +10 0 f 2 + 2 + 2 0 -f2 
-10 ( - 3 - 3 - 3 0 -- 3 
+50 0I -s6 + 6 + 8 0 + 6 
-50 0 -.27 -27 -33 0 --27 

Photosynthetic +11 ) -- 4 -- 4 -- 4 (I - 4 
day length --10 0 + I + I + 1 0 + 1 

+50 a C c 0 a 
-50 0 + 2 + 2 + 2 0 + 2 

aC'rop was planted but not harvested within the satne crop year. hCrop 
In this test, hit was in standard.tilt 


ctease itn raitflall is caused by a 10-17 day planting delay for 

I)SR ait TPR ciops tTahle 7). late planting did not affect 

I)SR yield, hill since TI'R did not 
 ripen ttutil late December 

alltI 111011l1S whicit htavc lOW 0tal attd daily
etly Jattitary, 
ratilall (Table 2), a 50'' taitifall inclease was notterough to 
offset t(otuglht stless, 

The ele ol Chalteii tadiali n level (RI)) oi) mung. 
bean development anod grai) weights is show itnFigures 8 
and 0 lot fields I and 5. As with rice, tle more Ilydraulical
lV favorable atUtlscapt- position also favors the predicted
growth tate in held 5 ais comtpared to field I. 

The predicted changes it planting and harvesling date 
caused byl changing clinmatic variahles ate given in Table 7 
for fields I. 3. and 5. (;reater planting and harvesting
changes are I)reliCeid for rainfall variations on lowland 
(field 5) than on ul and (field I ). This would be ex peCed, 
especially for increases in raitn fall, because tlhe lower field 
is affec ted by seepage and upward flow frotit the water 
table that the ipper field does tiot receive. Changes inpan 
evaporation did not affect platiting and harvesting dates as 
intch as variations in rainfall. atnd solar radiation had no 
effect 

As willt the yield predictions, varying tmlaxitttm and 
in inittin m lleratlure alfec ted thle mnodel inore tlatu 
changing other climate variables. ItnTable 7, as in Table 6, 

1-ictd 3 Field 5
 
[PR Mtg 
 I)SR TPR Mung 

P' It P I1 P' 1 II II P' II 

0 0 - 3 3 4 4 4 4- - - - -1 -1 
0 0 + 2 + 3 0 0 0 0 + 3 + 3 
0 0 -I1 -11 -17 -18 -16 -16 -10 -10 
0 0 '2 +2 0 - 4 -28 -30 -77 a
 
0 0 +2 + 2 0 0 0 0 + 3 + 3 
0 0 -I -- 0
0 0 0 - 3 - 3

0 0 + 2 + 2 0 - 2 -2 - 2 + 4 + 4
 
0 0 -11 -11 -16 -15 -15 
 -15 -20 	 a
 
0 0 0 0 0 0 0 0 0 0
 
0 0 0 0 0 0 0 0 0 0
 
0 0 0
0 	 0 0 0 0
0 0
 
I) 0 0 0 0 0 (0 0 0 0
 
0 0 0 0 0 + 3 + 3 + 6 0 0
 
0 0 (1 
 0 0 - 3 - 3 8 -2 - 4
 
t) h --8 --78 0 + 8 
 + +16 0 + 2 
0 ( --56 -69 0 -2 C C + 1 -12 
0 0 (0 0 0 + .1 + 3 + 5 0 0 
( ( (0 0 0 -- 3 - 3 - 6 0 - 1
" 1) -77 --75 (1 + 7 + 7 +13 0 + 2 
0 0 --21 --27 0 -27 -27 -61 -80 a
 
(1 0 (1 0 
 0 - 4 - 4 - 4 0 0 
0 (0 0 0 0 + 2 + 2 + 3 0 0 
0 0 C C 0 a C C e C 
0 0 0 0 
 0 + 3 + 3 + 4 0 0
 

was planted in this test,but not in the standard. cCrop was not planted 

Inatny exceptions are footnoted, especially in the tempera
lure sections. Many times these are for crops that are plant
ed in the test, such as TPR, and not in the standard situa
tion. In this instance, the higher temperature caused the 
DSR crop to mature earlier, allowing time for the TPR crop 
thaittmdly would not have been planted, and therefore 
affecting later crops in the seqLenlce. For example, in field 
2 a 10% increase in rainfall caused a TPR crop to be plant

H,omss (kg/o x 1o) C 

. .
 . .
 

C 

+50%R, . 1.

./,
 

4lando rd + 50PD 
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2o 40 6O 6'o 30 50 70 O 
0s 

8. Biomass accumulation and grain dry weight accumulation fornmungbean in field I as changed by solar radiation (RD). DS =days
after seeding. 
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9.Bionassaccunullatioand graindry weightaccumulation for 
mungbean in field 5 as changed by solar radiation (RD). DS = days 
afIter seeding. 

ed. This delay put the niungbean crop in a different 
weather pattern with generally higher radiation, which en-
couraged larger yields. Apparently the standard rainfall was 
just below a critical amount necessary for a TPR crop in 
field 2, and a I0(' inctease pushed it past this amount 
(Angus 1979).

The effect of changing day length ot predicted plant-
ing and harvest dates caused other prohlenis (footnotes b 
and c in Table 6, footnotes a and c i, Table 7). Increasing 
day length and spreading the totai radiation over a longer 
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10.Change in gross income for the toposequence as a function of 
change in the weather parameter. For? . ligures 3 and 4. 

period delayed DSR maturity and succeeding crops could 
not be planted. InTable 6, footnote b, the mnngbean crop 
failed because late planting delayed maturity beyond 31 
March, which was the simulation termination date. 

By assigning 1978 commodity prices received by farm. 

Table 8. Effect of changing weather variables on projected gr( income as a % change from the standard. 

Variable 

Rainfall 

Pan evaporation 

Solar radiation 

Maximum temperature 

Minimum temperature 

Photoneriod 

"One or more crops were 

%change of Gross income as ','change from standard Toposequence 
-aial __________ _____ average__variable Field I Field 2 Field 3 Field 4 Field 5 av Mrage(%) 

+10 1.5 60.0 a 5.6 1.8 0.9 12.4 a 

-10 - 1.3 - 5.1 - 3.4 - 7.7 - 3.4 - 4.7
 
+50 10.0 4.7 16.3 3.8 2.0 6.0 
-50 -19.0 -24.5 -45.3 -52.1b -46.5 b 41.5b 

+10 - 1.6 - 3.7 - 3.3 - 2.5 - 1.6 - 2.5 
-10 2.1 54.7a 6.0 1.9 1.4 11.7 
+50 -10.1 -17.4 - 8.2 -47.7 -11.7 -22.2 
-50 16.2 5.4 15.6 4.0 -13.8b 2.1b 

+10 7.0 9.2 10.1 9.2 9.0 9.1 
-10 - 8.0 -10.8 -11.7 -10.7 -10.5 -10.6 
+50 26.0 33.3 36.9 33.9 33.3 33.4 
-50 -52.0 -66.0 -66.8 -63.5 -63.4 -.63.4 

+10 -11.6 35.2a -20.1 -15.3 -14.8 - 6.7 a 

-10 6.0 11.1 12.2 6.4 8.6 8.8 a+50 -83.8 -71.9 -69.7 -82.6 -82.8 -78.8a 
-50 -16.7 -13.8 -12.1 -45.2 -42.6 -31.0 

a+10 - 8.0 41.4a -13.9 -11.2 -10.8 - 2.0
-10 5.5 9.2 10.3 7.2 7.2 7.9 
+50 -61.5 -44.0a -. 45.3a -65.3 -65.3 -57.9a 

-50 - 4.9 4.2 6.2 -36.5b -2 7.8b -17.1 b 

+10 5.2 11.1 13.2 5.9 8.4 8.7 
a 
 a
-10 - 1.6 44.7 - 4.3 - 4.1 - 3.8 4.7

+50 _100b _100b _100b _100b _100b _100b
 
a


-50 - 2.9 48.9a - 7.4 - 6.2 - 5.8 3.7

planted and harvested than in the standard, bOne or more crops were not harvested or planted compared to the standard. 
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ers in Iloilo to each CrlJp in each field ofthe toposequence, Soil variables
Angus (pers. comm.) determtined gross income per field for 
 The predicted percent changes in grain yields as a functionall of tie toposequence year's simulation. hicomes for of change in the soil variables are shown in Table 9, thosestandard and test sittmulations, as percent decrease or ili- fbi field 5 are in Fig. 11. Usually, the model was not ascrease, ae conmpaied in Table 8 and Figure 10. For some sensitive to changes in soil variables as to changes in climateclimatic variables, such as rainfall, all predicted changes vaj iables (compare Figures 2 and II). This also las beenwere 	of the sane 	sign f(r a given percent change in rainfall. ntue Ior other models (Whisler et al 19 79 a, b; Whisler
For other parameters, such as imLximuni temlperature. signs )were 	 diffeTicn (Fig. If). Thus, pImt of" the toposequence Tlhe hydraulic parameters of K = 2, 3, 4, 6, 14, 17, 20,might contribute a positive gross income while otlhrs re- and 21. when changed from the standard amounts allowed aduce income. Ilowever, as shown in Table 5, the lower fields TPR platting in fields 2 and 3 that usually could not haphad 	 higher predicted yields: therefoe, a given percent pen. 	 Table 10 shows that changing soil variables alteredchange in gross income equals a greater income diffeience planting and harvesting time. The TPR crop 	delayed thethan 	for the upper fields in the sequence. mungbean planting, and the munghean yields were generally 

Table 9. Effect of changing soil vaiables on simulated crop yield as %change fronm the standard. 

Crop yield :; ', chanpe fron the standard 

K % change Field I Field 2 1 ield 3 1ild 4of variable 	 Field 5 
)S R Mung )S R Illk Mun, DS R TPR 

. . . ...... .... .MunI 
. 

S 
.
R TI'R Mutig DS R TPR Mung 

I 	 +20 -- 1.2 0.0 0.0 0.0 0.0 0.3 0.0-20 0.1 1.0 0.0 0.0 	
0.0 0.0 0.0 0.0 -0.90.0 ( 0 0.0 0.2 0.(( 0.0 0.02 9.7 	 0.o 0.0 0.0+20 0.2 3.0 251211 23.A 1.5 0.0

-20 	 0.0 3.6 - o.1 -lOot' 1.2 0.0-70.8 -0.2 -13.7 0.0 0.0 	 0.5 
3 +20 3.0 0.0 - 0.0 

--12.4 0.0 0.3 -15.0 -31.3 0.0 -13.4 0.4 -0.9.7 0.0 0.4 0.0 -20 2.1 0.0 a 	
0.2 0.7 - 0.2 0.0 - 1.8 0.0 -0.41.1 25 0 4 23.4 2.9 0.0 0.0 0.04 +20 0.0 0.0 - 0.3 0.0 0.0 1.0 	

2.0 0.0 1.3 0.0 0.00.0 ( 0.2 -- 0.1 0.0 0.0-20 0.0 	 0.7 0.0 -0.40.0 0.3 2212 a1 23.4 0.0 0.0 0.0 0.15 +20 0.0 0.0 0.0 0.0 	
0.0 0.0 - 0.5 0.0 0.50.0 	 - 0.6 0.0 0.3 0.0 0.0 0.0 0.0-20 0.0 0.0 	 0.0 -1.30.0 0.0 0.0 0.0 0.0 	 - 0.06 +20 - 0.4 0.0 	

0.2 0.0 0.0 0.0 0.0 0.50.0 0.0 0.0 - 0.0.7 0.3 0.0 0.0 0.00.0 0.0-20 2.8 0.0 0.0 2212 a 
2.4 6.8 	 0.5

0.0 0.07 	 +20 - 0.3 0.0 0.0 0.0 0.0 - 0.1 0.0 
0.0 - 12.8 0.0 0.0 -7.0 

-20 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 - 1.1 0.0 0.0 -0.9

0.0 4.4 0.20.0 0.0 0.0 0.0 0.6 0.08 +20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 	
0.5 

-20 0.0 ) 0.0 	
0.0 0.0 0.0 0.0 0.0 0.0 0.00.0 0.0 0.0 0.0 0.0 0.0 0.0 0.09 +20 - 0.2 0.0 	 0.0 0.0 0.00.0 0.0 0.0 - 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0-20 	 0.00.2 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.010 +20 - 0.2 0.0 0.0 	 0.0 0.00.0 0.0 - (.1 0.0 0.3 0.0-20 (. 1 0.0 0.0 0.0 0.0 	

0.0 0.0 0.0 0.0 -0.9
0.0 0.0 - 0.2 0.0 0.011 +20 1 .0 3.1 	 0.0 0.0 0.0 0.50.0 0.0 0.0 2.2 0.0 0.0 2.6 0.4 0.0 2.8-20 -11.8 0.0 - 3.7 0.0 	 0.4 0.00.0 2.9 0.0 0.0 - 3.6 0.4-12 +20 5.6 	 0.0 - 3.7 -0.4 0.00.0 1.0 0.0 0.0 0.9 0.0 0.0 0.6 -20 - 7.2 0.0 - 1.6 0.0 	

0.7 0.0 0.7 -0.7 0.00.0 - 1.4 0.0 0.0 13 +20 - ().1 0.0 0.0 0.0 0).0 0.0 0.0 0 
1.4 0.9 0.0 - 1.5 0.9 0.0

.0 	 0.0 0.0 0.0-20 	 0.0 0.00.1 0.0 0.0 1.0 	 0.00.0 0.0 0.0 0.0 0.0 0.014 +20 - 2.2 	 0.0 0.0 0.0 0.0-0.2 0.1 2213a 23.4 1.2 0.0 0.0 0.1 0.1-20 2.2 0.0 0.1 	
- 0.6 - 0.4 -0.8 0.00.0 0.0 ().1) 0.0 0.0 0.4 0.0 0.0 - 0.215 +20 - 0.3 -0.2 - 0.6 0.0 0.0 - 0.5 0.0 	

0.0 0.0
0.0 0.6 0.0 0.0 - 0.5 0.0-20 0.5 0.0 	 0.00.4 0.0 0.0 0.1 0.00.0 0.416 	 0.0 0.0 0.6 0.0+20 - 1.1 0.0 - 0.1 0.0 0.0 0.0 0.0 	

0.0 
0.0 0.0 0.0 0.0 - 0.1-2(1 0.4 0.0 	 0.0 0.0- 0.1 0.0 0.0 -- 0.1 0.0 0.0 0.117 +20) 0.3 -0.2 0.0 0.0 0.0 0.0 0.0 0.0 

-

0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.00.0 0.0 

18 
-20 - 3.8 1.0 1.8 2565a 15.8 - 2.1 2585a 14.7 2.0 2.4 6.1+20 0.1 0.0 0.5 	 - 1.8 2.6 0.00.0 0.0 0.2 0.0 0.0 0.5 0.0 0.0-20 	 0.0 0.00.0 0.0 (1.1 0.0 0.0 0.0 	 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.019 +20 0.8 0.0 0.1 0.0 0.0 7.6 0.0-20 - 0.4 0.0 	
0.0 0.2 0.0 0.0 1.5 0.0 0.00.0 0.0 0.0 -0.3 0.0 0.3 0.0 0.020 +20 -22.0 0.0 -- 9.0 0.0 	

0.0 0.0 0.0 0.00.0 - 6.8 0.1) (1.3 - 9.0-20 a 	 1 0.0 0.0 - 6.9 0.38.1 -1.7 4.01 2 20 8 23.4 4.7 0.0 	
0.0

0.0 4.2 - 0.021 +20 - 3.1 (10 .1 - 0.7 0.0 	
0.1 2.9 0.1 -0.4

0.0 	 - 0.4 0.0 0.2 -- 0.7 - 0.2 0.0 - 1.8 0.0 0.0-20 2.1 0.0 1.1 221 Ia 23.4 2.9 0.0 0.0 2.0 0.0 1.30.0 0.0aCrop was planted in this test, but not in the standard. hCrop was 
0.0 

not planted in this test, but was in the standard. 
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Table 10. Effect of changing soil variables on estimated planting (P)and harvesting (tl)dates as the number of days of difference from the standard. 

No. of days of difference front standard 

%change Field 1 Field 3 	 lield 5
of variable 

DSR Mung DSR [PR Mung I)SR Tl R Mung 

) 11 P P 1II 	 P1 P P1 II P II P I1 

1 	 +20 0 0 0 0 0 0 0 1 + 2 + 2 0 0 0 U +2 +2 
-20 0 0 0 0 0 0 0 0 -1 -- 1 0 0 0 0 0 0 

2 +20 0 + 1 +1 +1 0 0 0 0 0 0 0 -1 -1 
-20 0 - 1 -1 -1 - 3 - 4 0 0 + 2 + 2 0 - I - 1 - 1 +2 +2 

3 +20 0 0 0 0 0 0 0 0 + 1 + 1 0 0 0 0 +1 +1 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 +20 0 0 0 0 0 0 0 0 + 1 + 1 0 0 0 0 +1 +1 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 -1 

5 +20 0 0 0 0 0 0 0 0 + 2 + 2 0 0 0 0 +3 +3 
-20 0 0 0 0 0 0 0 0 - I - 1 0 0 0 0 -1 -1 

6 +20 0 0 0 0 0 0 0 0 + 2 + 2 0 0 0 0 -1 -1 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +3 +3 

7 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +2 +2 
-20 0 0 0 0 0 + 1 0 0 + 1 + 1 0 0 0 0 -I -1 

8 +20 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

9 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 +20 0 0 0 0 0 0 0 0 + 2 + 2 0 0 0 0 +2 +2 
-20 0 0 0 0 0 0 0 0 - I - 1 0 0 0 0 -1 -.1 

11 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

12 +20 0 0 0 (1 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

14 +20 +1 - I -1 -1 + 1 0 0 0 0 0 -3 -3 -3 - 3 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

15 +20 0 - 1 -1 -1 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 r 0 0 

16 +20 0 3 0 0 G 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

17 +20 -1 - I -1 -1 0 0 0 0 0 0 0 0 0 0 0 0 
-20 +1 +12 +7 +7 +11 +11 b b -84 -84 +11 +11 +11 +11 0 0 

18 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

19 +20 0 0 0 0 0 + 1 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 + 2 + 2 0 0 0 0 0 0 

20 +20 0 0 0 0 0 + 1 0 0 + 2 + 2 0 0 0 0 0 0 
-20 -I - 4 -4 -4 0 - 2 0 0 0 0 0 + 1 + 1 + 1 +1 +1 

21 +20 0 0 0 0 0 0 0 0 + 1 + 1 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

aCrop was not planted in this test but was in fie standard. bCrop was planted in tis test but not in the standard. 
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Table 	I 
Effectof chnting soilvariables 
on projeced gross in- increased ........... .... 	 because of higher radiation at tilelater
. ..... 	 dates............ 
 These 	rcsults indicate tihe soil and weather parameters had a 

K1 change of (;ross inc.me as chali('e from standard Topo- combined effec. The model generally is most sensitive toVariable F 	 attence chtan5ges ill hydatillic palamctcs, especially 2,held I 	 I 31 4 20, and 21Among tle litfogen tiansforiniiioin parameters, I I and 12
1 +20 - 0. t 0.0 0.1t ).0 - (.1 0.0 produced the biggest model changes.-20 0.tI. 0.0 - t (U) . 1.)) The effect, of, 	chailging soil parameters on predicted2 + 2 o 6.0 60.3 11 1.2 1.') 0.7 12.1"-20 --43.4 --11.0 -9 '.7 -33.2 
3 +20 - 1.8 0.5 - 0.2 -- 0.5 	

- 7.0 -18.9' 1r0.; incoie aoe showv in Table 11 and ligte 1_. As with -- .O -- 0.7 the weather parameters, chancting the soil parameter somne-20 1.3 58.1, 2.3 .7tO 	 1 .311 tim es caused a Illonotolnic change it, all fields, that is, all4 +20 0.0 - 0.3 0.8 -0. 0.3(0 (.1-20 0.0 51.8"1 (),0 	 O5 420 0 0(10 0.4 
0. 0.2 9.0 fields showed cithe 1 positive negat0ive change such as- 0.0 - 0.2 - (1.1 101 K = 2. 11 oheil cases. such aIsft K .4, the predicted(..0 0.0-20 0.0 (1.1) (ixed 0.1 	 Changes h)ad signs.6 +20 - 1.2 0.0 - 0.5 0.0 0.1 - 0.1

-20 1.7 46.4" 5.3 -- 1.9 - 1.10 8.3 SomIe soil variablcs did nt alfect IRRIMOD7 +2 - 02 1 - 0.1 	 predic.- 0.2 - 0. - 0.1 tions in these tests, since these were conducted for a spe-20 01) 	 ( 11)3.5 0.0 0.4 (.7 cific data set of climatic, crop, and nianagement variables.8 +20 0.0 0.0 0.0 0.) 0.0 0.0)--20 (.0 0.1) 0.(1 0.0 0.0 At other levels, 	 the model might be s,,ensitive to these soil9 20 - 1.1 0.02 - 0.1 0.0 ().11 0.0 variables..\ moie igroms test would be to conduct a few-20 I(1 	 0.0 (.2 0.1 .0 011 well-clhose, validation tests of all the model subroutines1O 	 +20 - 1.1 0.0 0.0 1.11 - 0.1 0.)--20 (.1 	 0.l 0.( o. ).0t 	 befu'e11 +20 6.8 	
any variables could he labeled ineffective and2.5 1.7 1.5 1.6 2.2 	 dropped f,10n the model. They all are I:;edillthe model as-20 - 7.2 -	 3.0 2.2 - 2.) - 2.1 - 2.7 a ?ero value, for each variable was tested.12 	 +20 3.4 8 0.7 ().1 0.2 o.j


-20 - 4.4 - 1.3 1.1 
 0.4 - 0.5 - 1.1
+20 0.0 0.o (.1 0.11.0
13 	 1.1 Alternative interpretations-20 (.1 	 0.o. ) 	 In(.1) 1).1 addition to being a sensitivitv test for IRRIMOD the14 	 +20 - 1.4 51.01 0.9 0.) 0.5 9.0a--20 1.3 	 ().1 0.4 (2 - .115 	 +20 --0.3 - 0.5 -- 0.4 
0.2 resitlls that have been descrihed are useful to meteorologists- 0.3 0.3 - 0.3 and soil physicists. They .'an hell answer questions such as:-20) 0.3 .I0.3 0.2 
 0.3 0.3 "What difference does it tale if mn instrumi'l'nt or )rce16 20 - 0.7 0.0 .() 0.) - 0. I -	 0.1-20 0.2 -	 0.1 0. .t 


17 	 -2 ( LI 
- 1. M 0.0 dr,: is off by ±1 ('?9 ::20" etc.?' This am, vsis shows that0.0 0.(1.1) 0.1 0.0 tn iinstrument that always measures high in miniml tem-20 2.0 58.9" 61.3 a 0.9 1.8 20.8 a peratme would geierlly cause the model to Underestimate18 	 +20 0.1 0.1 0.2 0,3 (.0 0.2-20 o ) 	 () () (.() 0.0 0..0 

+20 
.o yield. Likewise, a pricedue that 	gives too small19 	 a value in0.5 ().1 6.0 1.t 0.8 1.3 percolation rate (K=3) could cause 	 the model to overesti-2 - ((.3 O m - 0.2 (.) ( .) - 13.I
20 +20 --13.5 - 7.3 - 5.2 --8.4 


-20 4.7 	
- 3.5 - 6.7 

a 
nate yield by a ioticeable magnitude. Therefore, this sen54.7 a 3.7 	 2.1 1.5 1.7 sitivity exercise is of both academic and practical interest.21 	 +20 - (.8 - 0.5 - 0.2 -- 0.5 - 0.9 - 0.7-20 1.3 52.4a 2.3 1.0 0.7 10.2" Conibinations of changes 

aCrop was buiplanted in tis test not in 	 the standard. h'Crop 'xas As different climatic patterns exained,are the variables 
not planted in this test hut was in the standard, change simultaneously and iot individually. Several coin-

Change inome 
12. Change in gross income for the

20 	 1toposequence as a function of
 
change in the soil parameter.


15 

-5 
Pprcent of paramele

-10 	 ,increase or deceae
 
jj+20 -2
 

-15 -____ 

-20 I 1I JA 	 I I I I IK 1 2 3 	 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Soil parameters 



binations were examined to see what simulation differences 

would be generated by keeping the sate raint'all data. A 
more northern latitude was simuulated by increasing pau 
evanoration 6'/, radiation IV';, maximtum temperature 4

SChanMT') 


m i.i1n1nt1 tem perature 1,;,and day length 5,;. A mole----
southern latitude was simulated by decreasiny pan evapora-
tion 14%, radiation 13'j, and MnaXitnut tenperature 8%: 
increasing minimum temperature , and decleasing day 
length 5%. These changes were based on log-teon weathler 
record comparisons of ('abalatuan., hiliplpites ( 140N) 

(similar to IRRI) with Parwanipur in Nepal (28 N) and 
Singapore (I ON ). The resutIs are given in Table 12 iinterms 
of'percentage clhange trom the standard simulations. 

IRRIMO1) predicted that moving these soils and crops 
to a more northern latitude would generally increase all 
yields, even though rainfidl is ;lot cliangeul. Pledictions in-
dicated some rice ciops would have delayed maturity and 
some ntngbean cr,.ps would be planted and harvested 
earlier. l1-a.h field (t the toposequence was predicted to 

give a higher gloss im,.otlie, based ott higher yields. 
Predictions for moving to a more equatolial climate 

Were 110t as 111i"01111. Most rice aid Hngbe' crops would 

have decreased vicid and some would have delayed natur-
ity. In field 2, however, a predlcted TPR rice crop increased 

overall yield and income, which caused inloverall slight in-

crease itt gross income for the ertire toposequence to be 

Table 12. Effects of changing latitudes on model predictions, 

%change front standard simulations 
Latitude Field C(rop
 

Yield (' Ploting larvesting Gross 

change) (days) days) income
 

-
Higher 1 I)SR 5.2 0 -1 3.9 


Mung 1.9 1 -1
 
2 DSR 7.0 0 -1 6.2 


Muntg 3.0 ) 0 

3 DSR 8.0 0 -1 6.8 


mung 2.5 2 +2
 
4 	 I)SR 6.2 ( 0 7.2 

TPR 9.7 0 [t 
Mung 4.8 0 05 	 DSR 6.5 0 0 7.1 
TPR 9.6 0 0 
Mung 3.5 + 2 +2 

Overall 
 6.6 

Lower I DSR - 5.7 0 0 - 6.4 


Mung - 7.5 0 0
 
2 DSR - 9.4 0 0 43.1 


TPR 2238a a a 

Mung 16.2 -88 -90 


3 	 IDSR - 6.1 0 0 -6.7Mung - 8.6 - 3 -3 

4 	 DSR - 9.6 0 0 - 9.4 
TPR -10.6 0 -2 
Mung - 5.9 - 2 -3 

5 	 DSP, -11.0 - 3 -3 -10.2 
TPR -11.3 - 3 -5 
Mung - 4.8 - 3 -4 

Overall 0.3 

aCrop planted in this test but not in the standard. 
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Table 13. lFftets of soil compactio onlmodel predictions. 

challge flrot standard simulation 
Soil HVih Crop 

Ccompaction Yicid C; Planting Ilarcsting, Gross 
Wdays) I (h v S) inlcomle 

---.......................... .. ..........
. 
Increased I )SR' '90 -96.8 

2 Mung - 91.9 -30 --35 
2 )S -- 20.3 + 6 1t 41.1 b 

T1PR1 ' 2489 1, 

Munt, 23.4 -86 -87 
a


3 	 I)SI -Io - - -98.7a 
Muin, 	 - 93.8 -93 -94

4 	 1)SRa -10) - - -88.3a 

TPR" - 11() - - -

Mu,Ill 22.0 +55 +56
5 DSR - 10.3 +10 +10 - 3.4 

.TIt3.4 +10 + 1( 
Mung 5.3 -14 -14 

Overall -43.5 
Decreased 1 DSR 155.4 -19 -19 93.3 

Mung 4.9 15--	 -152 	 I)SR 8.9 (I 0 7.5
2 	 bDSt 8.)' 	 01Mln 0.0 0 0 

3 )SR 36.7 - 19 --19 27.9 
Mung 4.1 -23 -23 c
4 	 I)SR 7.4 ) -t-18.TPR *- 2(1.5 --28 -31 0 

Mung -100 C -74 
5 )SR 0.7 0 0 - 0.1 

T1 It 0.4 +Nilng 	 - 1.9 + 4 + .1 
Ovea 	 9.2 

test but wasaCrop not planted in this in tie standard. bCrop planted 

in this test but not in the standard. CCrop planted in the test but not 
harvested. 

predicted. All the other Fields had lower yield and de

creased gross income. 
As soil aggregation increases, total porosity, saturated 

water content, and slope of the moisture characteristic 
curve may increase as well as permeability (Hillel 1980). 
The reverse occurs witl compaction or decreased aggrega

tion. Compaction also slows thte nitrogen transformation 
rates (Whisler et at 1 05). Increased aggregation (decreased 
compactior) was simulated by increasing K=2, 6, 11. 12, 
and 17 by 20,%' and K=3, 4, 9, 15, and 21 by 0%, and de
creasing K=13, 14, and 20 by 2(Y;. Reverse algebraic signs 
were used to indicate decicased aggregation (increased com
paction). Results are shown itt Table 13. 

In general, increasing compaction reduced predicted 
yields and gross income. Field 2 was an exception because 
the TPR crop that could be planted increased total yicld 
and gross income. Rice crops were not predicted to be 

planted infields 1, 3, and 4, and that severely reduced gross 
income generation for the tlhree fields and for the overall 

toposequence. When compaction was decreased below the 
standard, the overal effect was to predict higher yields and 
gross income. There were, however, notable exceptions for 
ntiungbean and in field 4 TPR. These effects generally were 

due to 	predicted delayed planting because of the higher 
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Table 14. Effects of soil texureon model prdicions. 

Soilchanve from standard 
oil I i.of.op .	 . .


ttYechange)dw. dan,",;,ilkt's 

SIncreased sand I DSR 90.4 +I1 + 10 55.7 
Munig 1.0 47 7 

2 DS R - 0O+ 54.4 
'I 'R' 2410 , 
Miun, 1.4 76-- -76 

3 	 DSR 17.9 +11 4'12 14.1 
Muni 03 2 + 2 

4 l)SR - 0.8 +I1 +11 -1.5 
TPR .7 11 I0)) 

NIintoif - 5.6 1 + * 1i5 )SR 3.3 + 1 +11 1.4 
Ti'R 2.6 411 + I1 
Mung 7.4 f+14 +15 

Overall 16.9 
Increased clay I )SR 161.0 11 0 96.8 

Ntenrf 0.3 + 2 + 2 
2 )SR 9.9 0 + 1 64.6 

'IPR" 2522 a 4 
MIlng 16.4 -85 -86 

3 	 I)SR 24.9 0 + 1 19.5 
Mtiuig - 0.1 --59 --59

4 I)SR 9.0 (1 + 1 4.6 
ITl 0.0 + + I 

Mung - 0.6 + I + 1
5 I)SR 6.2 0 + 1 3.3 

TITR 0.0 + I + I 
Mu t ,II 0.5 - I - I 

Overall 25.7 
aCrop planted inthis test but nt inthe standard. 

permeability and waler shoatge requirements. This last
example would seem to point to increased tillage of the 
upper landscape and reduced tillage of tie lower, 
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