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SENSITIVITY TESTS OF THE ENVIRONMENTAL VARIABLES IN iRRIMOD!

ABSTRACT

The multiple field, multiple crop, toposequence rice-basced model IRRIMOD was
tested for sensitivity to its climatic and soil input parameters. The climatic
parameters are rainfall, solar radiation, pan evaporation, photoperiod, and
maximum and  minimum air temperature. Fach climatic parameter except
rainfall is an average daily value for cach week calculated over 20 years, Twenty-
one soil parameters describe the soil and field position of cach field m the
toposequence.,

IRRIMCD was much more sensitive to climatic parameters than 1o soil
parameters. The model was most seisitive to maximum and minimum temn-
perature. Of the soil parameters, the mode! was most sensitive 1o hvdraulic
parameters such as soil water-holding canacity ot saturation, ficld capacitv, and
the increase in soil percolation rate under dryv secded rice. Two parameters that
describe ammonification rates were also imporiant.

When standard soil and crop paramerzrs were used and climatic properties
were combined to reflect focation difterences, the model predicted a 0.6%: gross
income increase by moving to a 287 latitude and almost no change for the
toposeauence by moving to 17 latitude compared to 14° latitude. In the latter
companson, all of the fields except one in a toposequence of tive fields showed a
predicted yield and gross income deciease.

When changes in soil proverties were combined, increased compaction
caused a predicted yield and gross income decrease. Decreasing compaction
increased yield and gross income for the upper fields in a toposequence but
slightly decreased yield and income for lower fields. By combining suil property
changes in another way, the model predicted higher yield and gross income for
increases in both sand and clay content,

IBy F. D. Whisler, visiting senior scientist, Multiple Cropping Department, International
Rice Research Institute, Los Bafios, Philippines,



IRPS No, 94, September 1983 3

SENSITIVITY TESTS OF THE ENVIRONMENTAL VARIABLES IN IRRIMOD

The multiple tieid, multiple crop rice-based simulation
model IRRIMOD was developed by Angus (1979) and
Angus and Zandstra (1980). Tt is a teposequence model,
described by its authors as being at the

“agronomic level . ... and is not intended to

cover the detailed processes included in physiolog-

ical models, ner to have the regionat scope of

cconomic models. An attempt has been made to

try to account for the important variables af-

fecting crop production, and not just the ones

which uare relatively  well understood such as
photosynthesis, wnile totally ignoring important

but little researched factors.”

IRRIMOD not only includes plant growth as a function of
climatic and soil hydrologic propertics but also attempts to
account for nitrogen fertility fevels and transformations.
These factors are applied equally to rice as a dry seeded,
wet seeded, transplanted, or ratooned crop and to the dry
season crops mungbean, maize, or sorghum.

IRRIMOD is driven by the climatic parameters of
daily rainfall, pan evaporation, solar radiation, photo-
period, and maximum and minimum air temperature.
The soil parameters describe hydraulic properties for
calculating soil water balance, parameters to describe field
positions in the landscape, and variables to calculate soil
nitrogen balance.

Some validation tests that compare model output
to independent field data are given in Angus’ publica-
tions. However, not every part of the model has heen
validated.  The model’s responses to changes 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 combination
of environmental parameters, and a discussion of some of
the model’s calculated outputs.

METHOD

Two versions of the program were prepared. In one, the
climatic variables could be changed independently or in
combination and in the other soil relationship parameters
could be changed independently or in combination. All
other model parameters were held 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 of rainfall on any day
could be changed but not the day of the rainfall. By chang-
ing the sign of the percentage, the magnitade of the variable
could be cither 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’ model
begins 1 April and calculates the soii water balance for each
field in the toposequence. A maximum of 10 fields are al-
lowed but S are used here (Fig. 1). When the water balance
is sufficient, the first dry seeded crop is planted and
harvested, and subsequent specitied crops are planted and
harvested. A maximum of -three crops are grown in one
season,

The values of weather varisbles used in IRRIMOD are
given i Tables | and 2. Table 1 gives the weekly average of
daily pan evaporstion, solar radixtion, maximum and
minimum temperature and photoperiod for 20 years from
records at IRRI or the University of the Philippines at Los
Banos (Angus and Manalo 1979), Table 2 is the actual daily
rainfall in 1930, beginning in April, that was used in these
simulations, Because these are sensitivity tests and not
validation tests, the January-March data are atso for 1980.

A list of soil variables and their units is given in Table
3. The standard values ol soil variables for cach of five
ficlds (Fig. 1) are given in Table 4. These soil data are from
toposequence ficlds in Oton-Tigbauan, Hoilo, Philippines
(Roxas et al 19&2).

The teste were made as follows: 1) climate variables
were changed by 1077 and #50¢7. 2) Soil variables. were
changed by £2000. (A £20%7 value was chosen because it
would normally be large enough to detect for measurable
parameters and would register change it the model is at all
sensitive.) 3) Combinations of climate variables were
changed to simulate other climatic zones or regions to sce
what the model would predict for regions north of or closer
to the equator than IRRI (14°N). 4) Combinations of soil
variables were changed to simulate soil textural changes
and soil compaction changes.

Summit
Fielg 1 Plateou Side
Frelg 2 slope Upper
Feld 3 piain Lower
Felgd 4 plarn
]m Fied 5
— 1COm ~—

1. Schematic diagram of toposequence used in IRRIMOD.,
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RESULTS AND DISCUSSION

IRRIMOD caleulates several soil and crop quantities such
as total aboveground biomass, grain weight, crop nitrogen

accumulation, soil water content, soil mmmonium  and

Table 1. Values of some weather variables at IRRI-UPLB. The values are

(Angus and Manalo 1979).

nitrate nitrogen content, planting and harvesting date, and
total gross income per field. Only a few of these quantities
are discussed here. Because the model is incompletely
validated, many of the results will be shown as a percent
change from the standard simulation (0% change in any

the average daily values for cach week of the year beginning 1 April

1. 7.6 7.8 8.1 7.8 7.6 7.2
4.7 4.6 4.5 4.5 4.5 4.5
4.2 4.3 4.3 4.2 4.1 39
3.9 4.2 4.5 4.0 5.1 5.3
2. 567 588 579 568 5§50 529
429 418 408 J98 389 382
380 376 K 362 350 336
332 351 370 387 408 428
3 327 331 334 237 33.9 34.0
321 31.9 317 31.6 315 314
312 311 e 10.8 0.6 304
28.8 28.8 28.9 294 29.3 29.6
4 22.1 224 227 23.0 23.3 235
233 234 233 2313 23.3 23.2
229 228 22.8 N7 22.6 226
214 21.0 20.8 20,6 20.5 206
5. 12.5 12.6 21.7 12.8 12.8 12.9
13.1 13.1 13.0 13.0 12.9 12.9
12.2 12.1 12.0 12.0 1.9 11.8
11.6 11.6 11.6 11.7

11.7 1.8

6.7 6.3 5.9 5.6 5. 5.1 4.8
4.4 4.3 4.2 4.2 4.1 4.1 4.1
3.7 1.6 35 3.5 3.5 3.6 37
5.6 5.8 6.1 6.4 6.7 7.0 7.3
11 438 483 472 462 452 441
74 376 379 382 384 385 383
22 312 307 302 203 310 320
43 467 484 504 521 537 553
34.0 338 136 333 33.0 326 324
314 314 314 314 il4 3t > 313
30.2 299 296 294 29.2 29.0 28.9
29.9 30.2 30.7 311 315 319 323
23.6 236 236 235 23.5 234 234
232 231 23.1 23.1 23.1 23.0 22,9
225 224 223 221 22.0 21.8 21.6
20.7 20.8 21.1 211 21.4 216 21.8
13.0 13.0 13.1 13.1 13.2 13.2 13.1
12.8 12.7 12.6 12.5 1.5 12.4 12.3
11.7 11.7 11.6 11.6 11.5 11.5 11.5
11.9 12.0 12.0 12.1 12.2 12.3 12.4

1. Average daily pan evaporation (mm d="). 2. Average daily radiation (cal cm=? d=1). 3. Average daily maximum temperature (°C). 4. Average
daily minimum temperature (°C). 5, Average daily photoperiod (h d' ).

Tabic 2. Rainfall (mm) at [RRI as reported by the Agroclimatic Service Unit for 1980,

Day

Apr May lun Jul Aug

1 1.2 0.2 L0

2

3 4.3 3.3 1.5
4 0.8 10.9 7.4

S 0.5 4.1 30.2 33

6 0.8 1.3

7 13.2 1.0 0.8

8 5.6 244

9 3.6 6.9 0.5
10 2.0 9.9
11 5.6 26.4
12 LS 3.8
13 1.3 345
14 52.8 4.8
15 213 0.2
16 0.2
17 1.0 7.9
18 134.6 9.6 S§.3
19 43 71.1 277 124
20 24,6 3.8 7.6 36.6
21 113.0 10.2 3.3
22 8.9 33 1.5
23 81 615 737
24 1.5 714 3.5
25 18.0 1.0
26 0.8 5.1 19.3
27 3.8
28 20.3 0.2
29 51.3 0.8 6.9
30 4.1 4.1 84 11.7
31 18.5 14.0

Rainfall (mm)

Sep

0.8
2.8
0.2

~
Nl
=

— — )
L2 N0 — —
BO N DWW

—

(]
(o8]

0.5
0.2

8.9

Oct Nov Dec Jan  Jleb  Mar
1.2 1265 114
8.4 52,6 0.8
1.0 4.1 0.2
2.5 1.5
17.3 1.0 1.0
5.6 1.3
13.7
0.2 39.6 4.6
14.2 3.6 1.5
6.1 33 0.2
1.5 15.8 0.8
0.2 23.6 11.9
0.5 17.8 0.5
13.5 0.5
0.5
6.1 11.2
30.2
7.4 2.0
16.8 0.2
23.9 1.3 0.2
0.5 14.6
3.0 1.3 92.5
194.1 1.0 2.3
46.9
28 0.2 6.9
12.4 1.3 0.5
9.6 0.2 0.2
20.6 11.4 1.0 0.8
S.1 0.5




variable). Table 5 gives some of the results of the standard
simulation. The cropping sequence was dry sceded rice
(DSR), iransplanted rice (TPR), followed by mungbean if
there was sufficient soil moisture.

Grain yield is a function of the crop biomass and
stresses it has undergone (Angus 1979). The upper limits

Table 3, Soil variablcs used and tested in IRRIMOD.

Variable

Kl Height of tield above datum level (m)
2 Perched water when puddled zone is saturated (mm)
3 Percolation rate when puddled zone is saturated
(mm d=')
4 Seepage rate when puddled zone is saturated
(mm d—")
5 Depth of water table at its deepest extent (m)
6 Soil water in fully saturated profile-excluding perched
water (mm)
7 Soil water in drained subsoil {(mm)
8 Soil water in drained subsoil depleted by upland crop
(mm)
9 Coetticient of uptlow trom subsoil to puddled soil
(D-less)
10 Saturated lateral conductivity of subsoil (mm M in—")
11 Maximum amount of annmonification in puddled zone
ina year (kg N ha~')
12 Constant of curvature tor ammonification in puddled
soil °C—!
13 Half-life of NO, in a flooded soil (days)
14 Perched water when rice dies in puddied soil (mm)
15 First stage soil evaporaticn (mm)
16 Second stage soil evaporation for puddled soil (mm
d-' to -0.5)
17 Perched water required for ary seeding (mm)
18 Starting value of perched soil water (mm)
19 Starting value for soil water (imm)
29 “Field capacity™ for puddled soil (mm)
21 Ri io by which percolatinn rate increases with DSR

Table 4. Standard parameter values tor each of 5 fields in the topose—
quence.

, Fietd 1 Field 2 Field 3 Field 4 Iield S
K (summit) (plateau) (side slope) (upper plain) (lower plain)
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
10 50.0 50.0 50.0 50.0 50.0
li 25.0 35.0 45.0 45.0 45.0
12 3.5 3.5 3.5 35 3.5
13 3.0 3.0 3.0 3.0 3.0
14 60.0 60.0 60.0 60.0 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
19 675.0 675.0 675.0 675.0 675.0
20 110.0 110.0 110.0 110.0 110.0
21 1.5 1.5 i. 1.5 1.5
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for plant biomass are 11 t ha=' for rice and 4 t ha—' for
mungbean. These limits are below the IRRI experiment
station maximum, but are generally higher than farmer
levels (Angus, pers. comm.),

Climatic varjables
IRRIMOD simulates dry grain weight as kg ha='. The
percent changes in grain weight caused by altering climatic
variables are given in Table 6 for each field and crop and in
Figures 2-4 tor each crop in tield 5. Small changes in rain-
fall (£10%) usually produced small changes in the predicted
yield (£797). larger (45077) changes generally produced
larger changes in the predicted yields, following a mono-
tonic pattern. That is, a 307 increase or decrease in rainfall
would predict a larger increase or decrease in yield than a
10% change in rainfull (see also Fig. 2). In some cases,
changes in predicted vield were more than proportional to
-the rainfall change. For example, a 104 decrease in rainfail
for DSR in field 3 (side slope) predicted a 4.5% decrease in
yield, while a 50% decrease in rainfall predicted a 58%
decrease in yield. Most changes in vield were of the same
alpebraic sipn as the rainfall change. As might be expected
from their fandscape positions, ficld T was benetited more
by increased rainfall and fields 4 and 5 were more negative-
ly influenced by reduced rainfall,

The model was not as sensitive to pan evaporation as
to rainfall. Predicted changes usually were monotonic but
opposite in sign to the changes ot pan evaporation (Table 6,

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

Crop Yicldl 1r(1:r((>:11 Planting  Harvest
(kg ha=") (B ha=' ) (day-mo) (day-mo)
Field 1
Dry seeded rice 1494 1- 6 23-9
Mungbean 1R9 24- 9 27-11
2241
Field 2
Dry seeded rice 3788 1- 6 21-9
Mungbean 185 7-10 10-12
4714
Field 3
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
Field 5
Dry seeded rice 4030 1- 6 21-9
Transplanted rice 2530 1-10 31-12
Mungbean 235 7- 1 12-3
77317

aConversion rate was #7.38/USS.
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Table 6, Effect of

changing weather variables on simulated Crof

7 T " :
"¢ change .
k Field 2

Variable of variable ‘htl_‘“ S o
DSR - Mung  DSR  TPR  Mung
Rainfall +10 2.4 0.0 2.9 25034 234
-10 - 20 - 02 - 64 0.0 0.0
+50 16.1 0.3 6.1 0.0 - 08
=50 - 30,6 -~ 0.7 ~ 305 (.0 0.0
Pan evaporation +10 - 25 - 02 - 40 0.0 0.0
~10 34 0.0 3122404 234
+50 - 160 - 0.8 - 217 0.0 0.0
~-50 26.1 0.5 6.9 vy - 1.0
Solar radiation  +10 5.9 8.6 9.2 0.0 9.1
-10 - 71 - 95 - 1lLo 0 - 98
+50 207 345 325 0.0 36.8
-50 - SLY - 532 ~- 69,0 0.0 - 539
Maximum temp  +10 - 9.7 - 1407 —- 194 2314« 9.0
-10 1.8 9.6 10.9 0.0 12.1
+50 = 87.0 — 787 - 942 7294 5§93
~50 -~ 29.2 31 - 184 0.0 5.1
Minimum temp  +10 = 64 - 105 - [4.6 21824 13.0
-10 4.1 7.7 9.6 0.0 7.5

+50 - 612 - 62.0 -~ 80.1 13144 - 384 -
=50 - 15.5 L7 - 1 0.0 15.2
Photosynthetic  +10 9.0 - 0.6 13.9 0.0 0.0
day length ~10 - 2.7 0.2 - 6.0 21364 213
500 =1008 ~100¢ —100 0.0 -100¢

~50 0.3 24694 207 -

- 5.0 - 94

Crop was planted in this test, but not in the standard case, bCrop was planted but not

planted in this test, but was in the standard case.

Fig. 2). The lower fields were more affected by changes in
evaporation than were upper fields.

Solar radiation had a slighily greater influence on the
model predictions than rainfall, and changes produced by

Change (%) in crop yeld

a0[" B
30 -
20 }-
10 -
0 kg
_]() -
.20,-
S30 |-
-40 |-
-50 - Percent of parometer
Cregse of decregse
6O w50 (] -0
-70 K+ 0 -50
.80 -
-90 - 4
e B e [ S TP B
“100 - Ramfall Pan Solar Mar temp Rnotemn Doy length
evapurahon  radighon e

Weather porameters,

2, Crop yield for dry seeded rice in field 5 as a function of change
in the weather parameters.

Simulated crop yield as 7 change from scandard

DSR

oty
[ I S RO Y
~ e w2 s

1.6
20).5

10.5
12.3
374
70.5

21.6
127
94.0
16.4

14.8
10,9
80.4

4.3

16.9

5.5
~1u0b
9.4

p yield as a % change from the standard,

Field 3 Field 4 Field 5

TPR - Mung DSR TPR Mung  DSR TPR Mung
GO - 0.6 3.5 0.0 0.0 23 - 1 0.5
o 0.3 - 6.5 -~ 131 0.0 - 6.3 0.2 - 1.3
00 - 2.0 7.0 - 2 5.1 4.2 - 25 4.1
0.0 0.3 = 310 - 633 <1000~ 31.) - 459 ~100b
0.0 0.3 - 47 - 02 0.0 - 28 0.1 - 1.3
o - 0.2 3.7 0.0 0.0 2.2 0.0 1.4
0o 0.3 = 231 - 623 1000 ~ 220 0.1 - 19
DO - 20 7.7 - la 3.6 43 - 24 ~1000
0.0 8.8 9.8 8.7 8.1 9.7 8.7 7.7
0.0 9.6 117 = 98 - 90 -« 115 —~ 98 ~ 8.7
0o 3531 349 334 3.2 343 334 290
i~ 535 = 70.2 - 380 - 525 - 0.1 —~ 58.0 - 51.9
0.0 = 145 - 208 - 83 - 117 - 2006 - 83 - 93
00 103 118 - 6.1 154 101 5.1 11.3

TAM - 00 - 945 - TL2 - 668 ~ 946 — 713 - 674
0.0 34 - 189 ~100¢ - 144 ~ 194 ~j00¢ 1.2
0.0 - 104 - 156 - 56 - 84 — 154 - 356 ~ 6.1
0.0 8.1 10.3 1.1 10,0 10.2 25 6.6

HI2T = 384 < 809 ~ 48.0 = 49.7 - 809 = 480 - 472
0.0 131 2.0 - 67.8 <1007 1.5 — 40.9 <100
0.0 0.0 15.1 6.9 27 148 1.9 0.0
0.0 0o - 64 - 1.7 - 17 ~ 6.2 - 1.7 0.0
(LO =100¢ —1005  -100¢ -100¢ 1000 1000 —100b
0.0 0.0 - 100 - 2.0 - 22 - 938§ 0.0

- 0

harvested within the same crop yezr. “Crop was not

varying radiation were more symmetrical about zero than
the rainfall variable (Fig. 2). As with rainiall. the predicted
changes were usually of the same algebraic sign as the
change in the solar radiation (Figs. 2-4). Field position in
the toposequence had little effect, however,

IRRIMOD often is more responsive to temperature
changes than to changes in any other variable, and is more
sensitive to daily maximum than to minimum temperatures
because a 1057 change was appiied to each, and 10% of a
farger number is larger than 1077 of a smaller number. Be-
cause daily average temperature is important to many of
the model’s equations, changing the maximum temperature
made bigger numerical changes than changing the minimum
temperature. The projected vields often are changea more
than the change in the temperature (Figs. 2, 4) because
temperature is important in the model’s phasic develop-
ment, growth rate, and nitrogen transformation cquations
{Angus 1979),

The model was moderately sensitive to small (10%)
changes in photoperiod. Larger (50%) changes often pre-
dicted crop failure. The DSR crop was most affected by
changes in photoperiod with littic variation over landscape
position. 1t was grown during the longest photoperiod,
causing changes in the variable to be of substantial mag-
nitude,

The effect of changing rainfall (RF) on predicted bio-
mass development and grain weight for DSR and TPR are



Change (%} 1n crop yeld
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Xl

Percm of parameter |

ncreuse or decrease
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;| +10 -50 |

60 = [
|
|

b g e e L A
Fan iyt Max ternp Mintemp  Day kength
~oporgton rendigtion

— e

framfaii

Aesther fAarGmeters
3. Crop yield for transplanted rice in ficld § as a function of change
in the weather parameters. The ? stands for the fact that a crop was
cither planted and not harvested or not planted in this case, but was
in the standard.

Change (%) in crop yeld

Percent of parometer
inCregse or decrease

a0

301 B 450 (-1
20} w0 50
10~

-90 4~

100 1~

TR J
1

e I 1t i} -+ b b |
Max temp Mintemp  Day ength

Rainfall Pon Solar
evaporation  radigtion

Weather paramelers

4, Crop yicld for mungbean in field 5 as a function of change in the
weather parameters, The ? stands for the fact that a crop 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
1 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, thatis 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-
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Gram Qry w
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Bromass (kg ra w107
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5. Biomass accumulation and grain weight accumulation for dry
seeded rice in field 1 as changed by the amount of raintall (RE).
DS = days after seeding.
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-
|
10 -
8 b- L
€ 1— -
Standard -
+ b0V WF
4 - .
2 f—
-
0 T l i : L ! n : L
0 20 a0 0 8e 00120 "
DS [

6. Biomass accumulation and grain dry weight accumulation for dry
seeded rice in field § as changed by the amount of rainfall (RF).
DS = days after sceding.

Srun dry wt
Biomcss (kg haa 103 kg P I

8

Standgrd und
.+ SO%RF

~

—
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" " L L
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T

7. Biomass accumulation and grain weight accumulzation for trans-
planted rice in field 5 as changed by the amount of rainfall (R).
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 £50% changes in rain-
fall. The yicld 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 on estimated planting (P
standard,

Field 1

- % change
Variable of variable o LT o
DSR Mung DSR
— i
Rainfall +10 \] 0 0 0 0 t ]
-10 0 1 -1 -1 0 -1
+50 +] 2 + 2 + 2 4] + 2
~-50 0 -4 -4 -4 0 -4
Pan evaporation  +10 0] -1 -1 -1 0 0
-10 0 + 1 0 + 3 0 0
+50 0 -5 -5 -5 0 -3
=50 +1 +3 + 3 + 3 +] + 3
Solar radiation  +10 0 0 0 0 0 0
-10 0 0 0 0 0 0
+50 0 0 0 0 0 0
~-50 0 0 0 0 0 0
Maximum temp  +10 0 +3 + 3 + 3 0 + 3
~10 0 - 4 -4 -4 0 -4
+50 0 + 6 + 6 + 8 0 + 7
-50 0 ~-65 -65 =77 0 ~02
Minimum wmp  +10 0 + 2 + 2 + 2 0 + 2
~-10 0 -3 -3 -3 0 3
+50 0 + 6 + 6 + 8 0 + 6
-50 0 =27 =27 -33 0 -27
Photosynthetic  +10 §] -4 - 4 -~ 4 0 -4
day length -10 0 + 1 + 1 + 1 0 + 1
+50 0 4 ¢ 0 4
=50 0 + 2 + 2 + 2 0 + 2

9Crop was planted but not h
in this test, but was in the standard.

crease in rainfall is caused by a 16-17 day planting delay for
DSR and TPR crops (Table 7). Late planting did not affect
DSR yield, but since TPR did not ripen until late December
and early January, months which have Tow fotal and daily
rainfall (Tuable 2y, a 5077 1aintall increase was not crough to
offset drought stress.

The ettect of changing radiation level {RD) on mung-
bean development and grain weights is shown n Figures 8
and 9 for fields 1 and 3. As with rice, the more hydraulical-
ly favorable landscape position also favors the predicted
growth rate in field 5 us compured to field 1.

The predicted changes i planting and harvesting date
caused by changing climatic variables are given in Table 7
for fields 1. 3, and 5. Greater planting and harvesting
changes are predicted for rainfall variations on lowland
(field 5) than on upland (field 1). This would be expected,
especially for increases in rainfall, because the lower field
is affected by seepage and upward flow from the water
table that the upper field does not receive, Changes in pan
evaporation did not affect planting and harvesting dates as
much as variations in raintall, and solar radiation had no
effect.

As with the yield predictions, varying maximum and
minimum temperature aftected the model more than
changing other climate variables. In Table 7, as in Table 6,

) and harvesting (H) dates as the number of days of difference from the

Field §

Field 3
TPR Mung DSR TPR Mung

bow e M P u P WP 0
0 0 -3 3 -4 -4 -4 -4 -1 -
0 0 + 2 + 3 0 0 0 0 +3 +3
0 0 11 -1t -17 -18 -16  ~16 -10 -10
0 0 +2 + 2 0 -4 =28 -3¢0 =17 a
0 0 +2 + 2 0 0 0 0 +3 +3
0 0 -1 -] 0 0 0 0 -3 -3
0 0 +2 + 2 0 -2 -2 =2 +4 +4
0 0 -1 -11 -6 -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
0 0 0 0 0 0 4] 0 0 0
[\ 0 0 0 0 +3 +3 +6 0 0
0 0 0 0 0 -3 -3 -8 -2 -4
b b8 78 0 +8 +8 +16 0 +2
0 0 -56 ~-69 0 62 ¢ ¢ +1 -~12
0 0 0 0 0 + 3 +3 +5 0 0
0 0 0 0 0 -3 -3 -6 0 -1
» b7 a5 0 +7 +7 +13 0 +2
8] 0 =21 -27 0 =27 =27 -61 ~80 a
0 0 0 0 0 -4 -4 -4 0 0
0 0 ] 0 0 +2 +2 +3 0 0
0 0 C C 0 a C « (o c
0 0 0 0 0 +3 +3 +4 0 0

arvested within the same crop year. #Crop was planted in this test, but not in the standard. ¢Crop was not planted

many exceptions are footnoted, especially in the tempera-
ture 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
that normally would not have been planted, and therefore
affecting later crops in the sequence. For example, in field
2 a 10% increase in rainfall caused a TPR crop to be plant-

5 Gram dry m?
thomass (kg/ho x 107) (kg noa 100}

d
~—==- Standard o
- | +50 /"_QD Standard
N~ '
S
2 - - »” 7
-~ B0 RN S SPLRD

Obe o] "

¢} 20 aC 60 (LG o] 50 70 [l9]

DS 0s

8. Biomass accumulation and grain dry weight accumulation for
mungbean in ficld 1 as changed by solar radiation (RD), DS = days
after seeding.
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—
//
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9. Biomass accumulation and grain dry weight accumulation for
mungbean in ficld § as changed by solar radiation (RD), DS = days
after seeding.

ed. This delay put the mungbean 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 10% inciease pushed it past this amount
(Angus 1979).

The effect of changing day length on predicted plant-
ing and harvest dates caused other problems (footnotes b
and ¢ in Table 6, footnotes a and ¢ in Table 7). Increasing
day length and spreading the totai radiation over a longer
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Weather parometers
10. Change in gross income for the toposequence as a function of
change in the weather parameter. For ? 0+ Figures 3 and 4.

period delayed DSR maturity and succeeding crops could
not be planted. In Table 6, footnote b, the mungbean 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 gross income as a % change from the standard.

Gross income as 7 change from standard

Variable % change of Toposequence
variable Field 1 Field 2 Field 3 Field 4 Field 5 e
Rainfall +10 1.5 60.04 5.6 1.8 0.9 12.44
-10 - 13 - 5.1 - 34 - 1.1 - 34 - 4.7
+50 10.0 4.7 16.3 3.8 2.0 6.0
-50 -19.0 ~24.5 ~45.3 -52.1b -46,5b —41.5b
Pan evaporation +10 - 16 - 37 - 3.3 - 25 - 1.6 - 25
-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 54 15.6 4.0 -13.8b 2,16
Solar radiation +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 26.0 333 36.9 33.9 333 334
-50 -52.0 -66.0 —66.8 ~63.5 —63.4 —63.4
Maximum temperature +10 -11.6 35.24 -20.1 -15.3 -14.8 ~ 6.79
-10 6.0 11.1 12.2 6.4 8.6 8.8
+50 -83.8 -71.9 -69.74 -82.6 ~-82.8 ~78.84
-50 -16.7 -13.8 ~-12.1 —45.2 —42.6 -31.0
Minimum temperature +10 - 8.0 41.44 -13.9 -11.2 -10.8 - 2.09
~10 5.5 9.2 10.3 7.2 7.2 7.9
+50 -61.5 —44.0a ~45.34 -65.3 -65.3 ~57.94
-50 - 49 4.2 6.2 -36.5b ~27.8b ~-17.10
Photoneriod +10 5.2 11.1 13.2 5.9 8.4 8.7
-10 - 16 44,74 - 4.3 - 4.1 - 3.8 4,74
+50 ~-100b -100b -1000 -100? -100b -100%
-50 - 29 48.94 - 74 - 6.2 - 58 3.7¢

90ne or more crops were planted and harvested than in the standard. ®One or more crops were not harvested or planted compared to the standard.
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ers in loilo to each crop in each field of the toposequence,
Angus (pers. conun.) determined gross income per field for
all of the toposequence year's simulation. Incomes for
standard and test simulations, as percent decrease or in-
crease, are compared in Table 8 and Figure 10. For some
climatic variables, such as rainfull, all predicted changes
were of the same sign for a given percent change in rainfall,
For other parameters, such as maximum temperature, signs
were different (Fig. 10). Thus, part of the toposequence
might contribute a positive gross income while others re-
duce income. However, as shown in Table 5, the lower fields
had higher predicted yields: therefore, a given percent
change in gross income equals a greater income difference
than for the upper fields in the sequcenee,

Soil variables

The predicted percent changes in grain yields as a function
of change in the soil variables are shown in Table 9, those
for field 5 are in Fig. 11]. Usually, the model was not as
sensitive to changes in soil variables as to changes in climate
vintables (compare Figures 2 and 11). This also has been
true: for other models (Whisler et al 19794, b: Whisler
1983q).

The hydraulic parameters of K = 2, 3, 4,6, 14, 17, 20,
and 21 when changed from the standard amounts allowed a
TPR planting in fields 2 and 3 that usually could not hap-
pen. Table 10 shows that changing soil variables altered
planting and harvesting time. The TPR crop delayed the
mungbean planting, and the mungbean yiclds were generally

Table 9. Effect of changing soil variables on simulated crop yield as % change from the standard,

Crop vield as % chanpe from the standard
) ¢

Field 3

g % change Field 1 Field 2 Field 4 Field §
of variable — S E— B ek e e e
DSR  Mung DSR TPR Mung  DSR TPR Mung  DSR TPR Mung DSR TPR  Mung

1 +20 ~ .2 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 -0.9
-20 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
2 +20 9.7 0.2 3.0 25124 234 1.5 0.0 0.0 3.6 - 0.1 -100° 1.2 00 0.5
=20 -70.8 -0.2  -13.7 0.0 0.0 -124 0.0 0.3 -15.0 -31.3 0.0 -13.4 04 -0.9
3 +20 3.0 0.0 - 0.7 0.0 0.0 - 04 0.0 0.2 - 0.7 - 0.2 0.0 - 1.8 00 -04
-20 2.1 0.0 1.1 25044 23.4 29 0.0 0.0 2.0 0.0 0.0 1.3 0.0 0.0
4 +20 0.0 00 -03 0.0 0.0 1.0 0.0 0.2 - 01 0.0 0.0 0.7 0.0 -04
-20 0.0 0.0 0.3 2212¢ 234 0.0 0.0 0.0 - 0.1 0.0 0.0 - 035 0.0 05
5 +20 0.0 0.0 0.0 0.0 0.0 - 0.6 0.0 0.3 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 -~ 0.2 0.0 0.0 0.0 0.0 00 0.5
6 +20 - 0.4 0.0 0.0 0.0 0.0 - 0.7 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.5
=20 2.8 0.0 0.0 2212¢ - 24 6.8 0.0 0.0 0.0 0.0 - 128 0.0 0.0 -7.0
7 20 - 0.3 0.0 0.0 0.0 0.0 - 0. 0.0 0.0 0.0 0.0 - 1.1 0.0 0.0 -0.9
-20 0.0 0.0 0.0 0.0 0.0 4.4 0.0 0.2 0.0 0.0 0.0 0.6 0.0 0.5
8 +20 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
-20 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
9 +20 - 0.2 0.0 0.0 0.0 0.0 - 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-20 0.2 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
10 +20 -~ 0.2 0.0 0.0 0.0 0.0 - 0.1 0.0 0.3 0.0 0.0 0.0 0.uv 0.0 -0.9
~20 0.1 0.0 0.0 0.0 0.0 0.0 00 -~ 0.2 0.0 0.0 0.0 0.0 00 05
11 +20 110 0.0 3.1 0.0 0.0 22 0.0 0.0 2.6 0.4 0.0 2.8 04 0.0
=20 ~11.8 0.0 - 3.7 0.0 00 - 29 0.0 0.0 - 26 - 04 0.0 - 3.7 -04 0.0
12 +20 5.6 0.0 1.0 0.0 0.0 0.9 0.0 0.0 0.6 - 0.7 0.0 0.7 -0.7 0.0
-20 - 1.2 00 -16 0.0 0.0 - 14 0.0 00 - 14 0.9 00 ~-15 09 0.0
13 +20 - 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o0
-20 0.1 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
14 +20 - 22 -0.2 0.1 22134 23.4 1.2 0.0 0.0 0.1 0.1 - 06 - 04 -0.8 0.0
-20 2.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 -0.2 0.0 00
15 +20 - 03 =0.2 - 06 0.0 0.0 - 0.5 0.0 0.0 - 0.6 0.0 0.0 - 0.s 0.0 0.0
-20 0.5 0.0 0.4 0.0 0.0 0.1 0.0 0.0 0.4 0.0 0.0 0.6 0.0 0.0
16 +20 - Il 0.0 - 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.1 0.0 0.0
~20 0.4 0.0 - 0.1 0.0 0.0 0.1 0.0 0.0 - 0. 0.0 0.0 0.0 0.0 0.0
17 +20 0.3 -0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.c 0.0 0.0
=20 - 3.8 1.0 1.8 25657 158 - 2.1 258579 14.7 2.0 24 -~ 6.1 1.8 26 0.0
18 +20 0.1 0.0 0.5 0.0 0.0 0.2 0.0 0.0 0.5 0.0 0.0 0.0 00 0.0
=20 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 +20 0.8 0.0 0.1 0.0 0.0 1.6 0.0 0.0 0.2 0.0 0.0 1.5 0.0 0.0
=20 - 04 0.0 0.0 0.0 0.0 - 03 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
20 +20 -22.0 0.0  --9.0 0.0 0.0 -6.8 0.0 03 =90 0.0 0.0 -69 03 0.0
-20 8.1 -0.7 4.0 2208 234 4.7 0.0 0.0 4.2 - 0.1 0.0 2.9 0.1 -04
21 +20 - 3.0 0.0  -0.7 0.0 0.0 - 04 0.0 0.2 -~ 0.7 - 0.2 00 - 1.8 0.0 0.0
=20 2.1 0.0 1.1 22117 23.4 2.9 0.0 0.0 2.0 0.0 0.0 1.3 0.0 0.0

9Crop was planted in this test, but not in the standard. #Crop was 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 (H)dates as the number of days of difference from the standard,

No. of days of difference from standard

% change IField 1 Field 3 Field 5

of variabe i —-——oo—— 0o — . e
DSR Mung DSR TPR Mung DSR TPR Mung
P H P H p H P H p H P H p H P H
1 +20 0 0 0 0 0 0 0 0 + 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 0 0 0 ~1 -1
-20 0 -1 -1 -1 -3 -4 0 0 + 2 + 2 0 -1 -1 -1 +2 42
3 +20 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 + 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 -1 -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 6 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 -1 -1
8 +20 0 0 ) 0 0 0 0 0 0 0 0 0 0 0 0 0
-20 0 0 J 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 -1 -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 6 0 0 0 0 0 0 0 0 0 0 0
12 +20 0 0 0 G 0 0 0 0 0 0 0 0 0 0 0 0
-20 J 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 -1 -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 r e 0
16 +20 0 ) 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 -1 -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 -1 -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 O 0 0 0
=20 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0

ACrop was not planted in this test but was in the standard. #Crop was planted in this test but not in the standard,
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Table 1. Effect of changing soil variables on projected gross in-
conie as a % change from the standard,

o SGross inceme as 7 change from standard Topu-
K change of
— B - sequence

VDI e L Field 2 Field 3 Field 4 Field § o age (1)
I #2000 <00 00 01 00 - 01 0.0
20 01 00 —01 00 oo 0.0
2 420 6.0 603 12 j9 g7 12.14
=200 434 <10~ 97 3300 70 _1g9b
3 +20 - 18 - 05 ~02 ~05 <10 ~- 0.7
-20 L3 S8e¢ 23 J0 07 q) e
4 420 00 =03 08 - 01 03 0.1
-20 00 SLAC 00 0u - 00 9.0
s 420 0.0 00 04 00 02 -1
-20 0.0 0.0 0.0 0.0 0.1 0.0
6 420 -~ G2 00 - 05 00 01 -01
-20 L] 4644 53— 19 - | 8.3
74200 - 02 00 01 -02 -01  -01
-0 0.0 00 35S 00 04 0.7
B +20 0000 00 00 00 0.0
-20 0.0 00 00 00 00 0.0
9 €20 - 00 00 =01 00 00 0.0
~20 0L 00 02 00 00 0.0
10 4200 - 01 00 00 00 - 01 0.0
20 00 00 00 00 01 0.0
11 +20 68 25 17 15 16 2.2
“200 ~ 72 - 30 - 22 —24 -21 -7
12 +20 308 07 01 02 0.6
=200 =44~ 13 L] 04 -05 - 11
13 420 0.0 00 00 00 0.0 0.0
-20 01 00 00 vo 0.0 0.0
14 420 <14 S1ed 09 00 - 05 9.0
-20 1301 04 02 -0 0.2
15 4200 =03 - 05 04 -03 -03 03
-20 03 03 0l 02 03 0.3
16 #2000 - 07 00 00 00 -01 -0l
~20 02 - 01 00 -01 00 0.0
17 420 0100 00 00 00 0.0
S0 - 200 SEME G134 09 18 20,80
18 +20 0104 02 03 00 0.2
-20 00 00 w6 00 00 0.0
19 420 05 0l 6H 01 08 1.3
=200~ 03 00 - 02 00 00 - 01
20 4200 <135 - 73 - 82 - 84 - 1S - 67
-20 4.7 sS4 37 201 s 11.7a
21 4200 - 48 - 0S5 - 02 -05 -09 - 07
-20 L3 5240 23 L0 07 10.24

9Crop was planted in this test but not in the standard. #Crop as
not planted in this test but was in the standard,

Change {%) in income

increased because of higher radiation at the later dates,
These results indicate the soil and weather parameters had a
combined effect. The model generally is most sensitive to
changes in hydraulic parameters, especially 2, 20, and 21,
Among the nitrogen transtormation parameters, 11 and 12
produced the biggest model changes.

The effects of changing soil parameters on predicted
gross income are shown in Table 11 and Figure 12, As with
the weather parameters, changing the soil parameter some-
times cuused @ monotonic change i all fields, that is, all
fields showed either o positive or nepative change such as
for K = 2 In other cases. such as for K = 4, the predicted
changes had mixed signs.

Some soil veriables did not atfect IRRIMOD predic-
tions in these tests, since these were conducted for a spe-
cific data set of dlimatic, crop, and management variables,
At other levels, the madel might be sensitive to these soil
variables. A more rigoroas test would be to conduct 4 few
well-chosere vahdation tests of all the model subroutines
before any labeled ineffective and
dropped from the model. They all are used in the model as

variables could be

a zero value, for each variable was tested.

Alternative interpretations

In addition 10 being a sensitivity test for IRRIMOD the
results that have been described are useful to meteorologists
and soil physicists. They ~an help answer questions such as:
“"What difference does it make it my instrupent or nroce-
dure is of f by 21007 220077 e1e.?” This anw.ysis shows that
aninstrument that always measures high in minimum tem-
perature would generally cause the model 1o underestimate
yield. Likewise, a procedure that gives too small 4 value in
percolation rate (K=3) could cause the model to overesti-
mate yield by a noticeable magnitude. Therefore, this sen-
sitivity exercise is of both academic and practical interest.

Combinatinns of changes

As different climatic patterns are examined, the variables
change simultaneously and not individually, Several com-

12, Change in gross income for the

20

toposequence as a function of
change in the soil parameter.
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binations were examined to see what simulation differences
would be generated by keeping the same rainfall data. A
more northern latitude was simulated by increasing pan
evaparation 6%, radiation 119, maximum temperature 4%,
minimum temperature 197, and day length 5%, A more
southern latitude was simulated by decreasing pan evapora-
tion 14%, radiation 137, and maximum temperature 85,
increasing minimum temperature 49, and decreasing day
length 5%. These changes were based on fong-term weather
record comparisons of Cabanatuan, Philippines (14°N)
(similar to IRRI) with Parwanipur in Nepal (28°N) and
Singapore (1°N). The results are given in Table 12 in terms
of percentage change from the standard simulations.
IRRIMOD predicted that moving these soils and crops
to a more northern latitude would generally increase all
yields, even though rainfal is not changed. Predictions in-
dicated some rice crops would have delayed maturity and
some mungbean crops would be planted and harvested
carlier. Each field of the toposequence was predicted to
give a higher gross income, based on higher yields.
Predictions for moving to a more equatorial climate
were not as uniform. Most rice and mungbean crops would
have decreased yield and some would have delayed matur-
ity. In field 2, however, a predicted TPR rice crop increased
overall yield and income, which caused an overall slight in-
crease in gross income for the entire toposequence to be

Table 12, Effects of changing latitudes on model predictions.

o change from standard simulations

Latitude Field Crop — R
Vield (7 Planting Harvesting .(:ross
change) (days) (days) incomne
Higher 1 DSR 5.2 0 ~1 3.9
Mung 1.9 -1 -1

2 DSR 7.0 0 ~1 6.2
Mung 3.0 0 0

3 DSR 8.0 0 -1 6.5
Mung 2.5 -2 +2

4 DSR 6.2 0 0 7.2
TPR 9.7 0 0
Mung 4.8 0 0

N DSR 6.5 0 0 7.1
TPR 9.6 0 0
Mung 3.5 + 2 +2

Overall 6.6

Lower 1 DSR - 5.7 0 0 - 64
Mung - 7.5 0 0

2 DSR -~ 9.4 0 0 43.1
TPR 22384 a a
Mung 16.2 ~-88 -90

3 DSR -~ 6.1 0 0 - 6.7
Mung - 8.6 -3 -3

4 DSR -~ 9.6 0 0 ~ 94
TPR  -10.6 0 -2
Mung -~ 5.9 -2 -3

5 DSR  -11.0 -3 -3 -10.2
TPR  ~I11.3 -3 -5
Mung -~ 4.8 -3 -4

Overall 0.3

Table 13, Effects of soil compaction on model predictions,

9Crop planted in this test but not in the standard.
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¢ change from standard simulation

Soil . . e e
ot Ficeld Crop . - . .

compaction Yield ¢7 Planting Harvesting Gross

cliange)  (davs) tdiuys)  income
Increased 1 DSRe 190 -0 8¢
Mung - 919 -36 -3
2 DS~ 203 + 0 0 41.10
TPRP 2489 b b
Mung 234 ~-86 -87
3 DSRe -100 - - -98.74
Mung - 93.8 -93 -94
4 DSR4 -100 - - -88.34
TPRY  _100 - - -
Mung - 220 +55 +56
N DSR - 10.3 +10 +10 - 3.4
TPR 3.4 +10 +10
Munyg 5.3 -14 ~14
Overall -43.5
Decreased 1 DSR 155.4 -19 -19 933
Mung - 4.9 -15 -15
2 DSR 89 0 0 1.5
Mung 0.0 0 0
3 DSR 36.7 -19 -19 21.9
Mung - 4.1 =23 =23
4 DSR 7.4 0 0 ~18.0¢
TPR - 20.5 -28 -3
Mung  -100¢ ~-74 ¢
N DSR 0.7 0 0 - 0.1
TPR 0.4 0 0
Mung - 1.9 + 4 + 4
Overall 9.2

9Crop not planted in this test but was in the standard. Crop planted
in this test but not in the standard. €Crop 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 with compaction or decreased aggrega-
tion. Compaction also slows the nitrogen transformation
rates (Whisler et al 1965). Increased aggregation (decreased
compaction} was simulated by increasing K=2, 6, 11. 12,
and 17 by 20% and K=3, 4, 9, 15, and 21 by S0%, and de-
creasing K=13, 14, and 20 by 207, Reverse algebraic signs
were used to indicate decreased aggregation (increased com-
paction). Results are shown in Table 3.

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 te be
planted in fields 1, 3, and 4, and that severely reduced gross
income generation for the three fields and for the overall
toposequence. When compaction was decreased below the
standard, the overall effect was to predict higher yields and
gross income. There were, however, notable exceptions for
mungbean and in field 4 TPR. These effects generally were
duc to predicted delayed planting because of the higher



14 IRPS No. 94, September 1983

Tabl: M. Effects of soil tex ture on model predictions,

Y change from standard
Planting Harvesting Gross
€ change)  tdavs) tdave)

Soil

texture Field Crop Yield

Increased sand | DSR 0.4 +11 +10 557

Mung Lo +7 + 7

2 DSR - 0.1 +11 110 S54.4
TPRe 2416 a d
Mung 6.4 -76 -76

3 DSR 17.9 4]} +12 4.1
Munyg 0.3+ 2 + 2

4 DSR - 0.8 411 +11 -1.5
TPR - 07+l +10
Mung -~ 56 +10 +11

5 DSR 3.3 411 +11 1.4
TPR 26 +11 +11
Mung - 74  +14 +15

Overall 16.9

Increased clay 1 DSR 161.0 0 0 96.8
Mung 03 + 2 + 2

2 DSR 9.9 0 + 1 64.6
TPRa 2522 a 4
Mung 16.4 -85 -86

3 DSR 249 0 + 1 19.5
Mung - 0.1 -39 -59

4 DSR 9.0 0 + 1 4.6
TPR 0.0 + 1 + 1
Mung -~ 0.6 + 1 + 1

S DSR 6.2 0 + 1 33
TPR 0.0 + 1 + 1
Muny 05 -1 -1

Overall 25.7

meoine

Crop planted in this test but noi in the standard,

permeability and water storage requirements. This Jast
example would seemn to point to increased tillage of the
upper landscape and reduced tillage of e lower,
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