?M N2 -~

- Q%S
IRRI RESEARCH PAPER SERIES
Number 104 February 1985

~ F ARIUR: A
COMPUTER-ASSISTED
INST O MODEL

LOWLAND RICE

RUE. HUKE

The lntematnonal Rice Research Institute
; PO. Box 933, Manila, Philippines



FARIDPUR A COMPUTER ASSISTED INSTRUCTION MODEL
: FOR RAINFED LOWLAND RICE =

FARIDPUR is an interactive program in computer-assisted
instruction (CAI) designed as an educational too] for a vari-
ety of disciplines. In using the program the operator or
student assumes the role of a farmer at Faridpur, Bangla-
desh (Fig. 1) (6) who produces an annual aman (main rainy
season crop) rice crop, which is transplanted and rainfed. A
selection of the decisions the real-iife farmer must make is
presented to the student for a decision. Each decision influ-
ences the rice yield obtained at the end of the program.

Each farmer decision is interactive with other decisions.
Therefore, a farmer who pays wages lower than the pre-
vailing rate in the region finds that his laborers do not work
at full efficiency and that in certain seasons it is difficult to
get the work done. Such a decision negatively influences
yields,

The natural environment, as well as farmer’s decisions,
affects the crop. The program simulates weekly rainfall,
evapotranspiration, soil moisture, and runoff and these
factors interact vigorously with input decisions made by the
farmer. Although farmer decisions often are strongly influ-
enced by past weather and by expectations for the week
ahead, the weather model is inflexible to human action.

THE WEATHER MODEL

Operating the program requires no prior knowledge of the
computer nor advanced knowledge of rice production. To
achieve a high yield, however, the operator must under-
stand weather clements and know a great deal about rice
production,

The program is highly site specific. Rainfall and evapo-
transpiration (ET) are those expected at Faridpur. The

various production functicns which drive the yield compo--

nent of the model also approximate farm conditions in
Faridpur District.

The program is sufficiently documented that a change
in a single, casily identified line is required to change a pro-
duction function. A small change in one function may af-
fect production in a major way because all inputs are linked
symbiotically. Changing the site to a different environment
requires a new 52 x 11 matrix that indicates frequency and
amount of precipitation by class by week at the new loca-
tion and a new weekly table of normal ET. Changes can be
made by an operator with only modest programming skiil.
Such changes can transform the program to simulate condi-
tions in strikingly different environments.

The historic rainfall, temperature, and ET patterns at
FARIDPUR follow a typical and pronounced northern
hemisphere monsoon rhythm (Fig. 2). The program simul-
ates a statistically valid weather regime. No 2 yr are precise-
ly alike and no year is identical to any year in the historic
period.

The model utilizes a Monte Cario method to simulate
weekly rainfall based on a 52 x .11 matrix of frequency of
occurrence of rainfall by class by week. Daily rainfall data
are from 1947-80 and includ~ 29 yr for which full records
are available (1).

The frequency table is the base for the rainfall simula-
tion. The weekly ET was developed using the 29-yr preci-
pitation and temperature means, ET is used as specified by
the Thornthwaite (12, 13) formula. In the model, the com-
puted ET adjusts inversely with the relationship between
the simulated rainfall for the week and the long-term aver-
age for that weck (from which the ET was determined).
The resulting simulated ET agrees with the model devel-
oped by Yoshida (14). Where FARIDPUR and Yoshida do
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1, Location of Faridpur District and Faridpur Town,
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not agree, FARIDPUR (and thus Thornthwaite) has a
slightly higher ET.

Data accompanying the FAO-UNESCO soil map of the
world (5) indicate that saturated soils around Faridpur can
hold roughly 100 mm of water usable by rice. Soils in the
model parallel that characteristic and are assumed to be
saturated when they have accumulated 100 mm of water,
In the Bolton (2) model a 30-cm root zone is used, but soil
moijsture content at saturation is 150 or 175 mm, consi-
derably higher than the figure used for Faridpur. The
Thornthwaite (12) model uses between 50 and 150 mm
accumulated water, depending on soil character,

In the model, rainfall, minus soil-moisture seepage, per-
colation, and ET, is allowed to accumulate to a maximum
of 200 mm. Beyond 200 mm, water runs off, carying with
it a significant portion of any recently applied N fertilizer.
Excessive rainfall during the 8 wk after transplanting causes
submersion damage and depresses yield.

The farmer is given a weekly report on precipitation, ET,
and soil moisture at week’s end. Soil moisture may range
from -100 mm to 200 mm. - 100 mm represents the driest
condition, where soil moisture tension is 15 bars and per-
manent wilting occurs. This situation is simulated frequent-
ly at Faridpur between 7 and 18 wk, and occasionally as
late as 23 wk.

Zero represents saturated soil with no standing water. In
this condition, a field may have some puddles of water, but

such accumulations are more the result of insufficient
leveling than of heavy precipitation,

A 200-mm accumulation indicates saturated soil condi-
tions with an average 200 mm standing water. No more
water can be held on the ficlds. Additional precipitation
runs off, with special notice to the operator. Unfortunately
the only water control options open to the operator are the
same options available to the real-world farmer — none. The
farmer can only watch in dismay as the value of recently
added chemical inputs, especially N, is carried away by
floodwater; or hope that plant submersion will not be long
enough to cause permanent damage. Perhaps the farmer will
learr: not tu waste more fertilizer by applying it uncer such
conditions,

Flooding and submersion occur because the topography
in Bangladesh in general and at Faridpur in particular is flat
and water levels in the major rivers, including the Padma,
are high during the monsoon rains. When heavy regional
precipitation occurs, water that overflows the dikes has
little chance of draining away rapidly and often accumul-
ates to considerable depth,

When the soil moisture sinks below saturation after rice
has been transplanted, the model warns the operator that
there is cither a modest or serious water deficit, depending
on the soil moisture tension. The farmer has the option of
using a two-person swing-basket to partially irrigate the
fields. Using the basket requires employing 2 persons for a
10-h work day. In 10 I 2 experienced operators can lift
about 100,000 liters of water to about 40 cm, which cquals
2.5 cm of water added to 0.4 ha. Three crews can lift 2.5
em of water to a full hectare in a slightly shorter work day.

Unfortunately, irrigation often is done on hot, sunny
days when ET is especially high. Much of the water moved
may be lost by splashing, by not completely emptying the
basket, by some dike leakage at the overtopping, and
because soil seepage tends to increase as soil moisture drops
below saturation. Thus, for every 2.5 cm of water moved by
the basket the net moisture gain is only 1.9 cm. The swing-
basket option may be used only 1 d each week, so the
impact of a serious rainfall shortage may be reduced but
not eliminated.

FARIDPUR accounts for water loss by seepage and per-
colation at 2 mm/d, almost exactly the rate measured by
Yoshida (14) for similar losses from rice fields in wet season
and is within the 1-3 mm range described by Zandstra et al

(15).

RUNNING THE PROGRAM

The novice user of FARIDPUR is introduced to the general
operating procedure and then asked to indicate the week
for which he would like to start viewing the data. The pro-
gram totals rainfall and ET for the part of the year before
that week and shows the data on the screen. The rainfall
data is followed by a full report for the <hosen week and
the question, *“Do you wish to start land preparation at this
time?”



The answer normally is based on the soil moisture condi-
tion for the weck and the operator’s evaluation of likely
soil moisture conditions in coming wecks. An appropriate
decision demands coasiderable knewledge of rainfall pro-
babilities in a monsoon environment. Snccess also requires
good fortune. Figure 3 illustrates the monthly rainfall
distribution in a dry yecar and a wet year as simulated by
FARIDPUR. Table 1 gives annual rainfall totals for 10
successive years of the historic record and for 10 simulated
years,

The logic flow for the program as a whole and in detail
for six decisions is showa in Appendix 1.

The data from Figure 3 and some experience with
medium-duration varieiies such as :ose grown in FARID-
PUR provide a general guide to appropriate timing. Start-
ing the crop year as carly as week 20 often results in
periodic noisture stress during early crop growth an.' in
frequent rains during harvest and threshing. Delaying soil
preparation and transplanting beyond week 28 or 79, the
last half of July, can expose the crop to serious drought in
low-rainfall years or when the monsoon ends early. The
most reliable precipitation period for moderr or traditional
varietics could be determined by extensive eaperimentation,
but appears to begin between weeks 24 and 27,

Rainfall (cm)
80

[ Total rainfall:

— M Wet year ~2634 mm
70 [ 3 Dry year - 14980 mm

3. Simulated rainfall estimate for FARIDPUR,
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Table 1. Examples of successive rainfall totals by year for
Faridpur, Bangladesh.

Rainfall (mm)

Historic Simulated
Year mm Year mm
1957 1516 1 2456
19587 1318 2 1712
19597 2962 3 1892
1960 1687 4 1389
1961 1892 5 23556
1962 1615 6 2283
1963 1676 7 1518
1964 2045 8 2804
1965 2007 9 1816
1966 1519 10 2062

4These are the maximum and minimum years of the 28 yr record.

Upon deciding when to start, the operator becomes the
farmer and begins to draw on prior knowledge of regional
weather patterns. A dialogue has begun between man and
nature. A NO response to the land preparation question is
followed by a weather report for the succecding week and
the land preparation question is repeated. A YES elicits a
series of questions as indicated in the program flow diagram
and the diagram for subroutines 1 and 2. For most of the
questions a window of favorable response is allowed. For
answers below the acceptable threshold, the operator is
chastised and in some cases yield declines. For answers
higher than defined by the window, there is a different
response and yield may again suffer,

The first question is about farm size. The window evalu-
ates the response in terms of actual farm sizes at Faridpur.
The answer to the size question doces not atfect yield, but
it does cause the program to pause and allows time for dis-
cussion among the players,

The decision concerning wages the operator is willing to
pay hired labor has a marked impact on final production.
If the response is higher than the current Faridpur wage,
the operator will be told thai the wages are high and that
there is a serious quastion of affordability. Low wages also
are noted, but it is only after harvest that the operator
learns that either only very lazy workers were able to be
hired or no hired labor was available at the wages offered.
In both cases yicld suffers.

Next, the operator must choose between a well-known
local traditional variety and a modern improved varicty re-
Jeased and named by the Bangladesh Rice Rescarch Insti
tute. Depending on the seed selected, the program supplies
data for the base yield without fertilizer and provides para-
meters for the N response function,

Those data are not viewed by the operator. However, a
few trial runs are sufficient to show that N strongly influ-
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ences final yield although, as in real life, the precise influ-
eace is difficult to quantify. Figure 4 shows the theoretical
yield response function curves used in the program and as
they would appear if all other influences could be elim-
inated.

What price is the operator willing to pay for seed? A
window is set up based on cuirent real prices. Most farmers
avoid buying seed at prices significandy above normal
market. The few sced dealers who offer such superior seed
have a difficult time selling their stock. Therefore, that
sced almost always has lost some of its vitality after being
stored under poor conditions for a year or more. The
student is informed of this immediately after the decision
to spend heavily. Cheap seed germinates poorly and slightly
decreases yield. Again the operator is informed, but is not
told how much yicld decreases. That can be learned only by
extensive experimentation,

The next decisioiis are to use or not to use systemic
pesticides o' integrated pest management (IPM). YES to
cither methud not only incieases yield but also reduces
inscct attacks later in the production cycle. The overall
cffect on yield of systemic pesticides or IPM is equal. Both
control methods have a symbiotic relationship with any
sprayed insecticide that may be used later (9).

Now the nperator must decide how much urea to apply
over the full crop cycle. If the choice is tc use fertilizer,
then P, S, and Zn supplements appropriate to Faridpur soil
needs also will be used. If 45 kg urea/ha or more is applied,
the farmer can zpply it as a single dose or in 2 or 3 equal
splits. The farmer is given the option to apply fertilizer
several times during crop frowth until the amount specified
in tne original decision is consumed,
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4, Yield response of rice to N assuming optimal human and envi-
ronmental inputs,

If the farmer applies fertilizer during land preparation, it
may be topdressed or incorporated with the final harrowing,
At other times the fertilizer must be topdressed. Using the
farmer’s split and incorporating the first application during
land preparation produce results similar to those suggested
by De Datta (4) and Craswell and De Datta (3:sce Fig. 4).

The final decision befure the crop year gets under way is
to use oxen or a tractor, either owned or hired, for land
preparation, A tractor is faster and more thorough. Better
soil preparation equals better weed removal and less weed
problems during carly growth, which modestly increases
yield (11).

Once the basic decisions are made, the program continues
through the calendar year providing a weekly report on
rainfall, ET, and soil moisture. Two weeks after land pre-
paration begins the ficlds are ready to be transplanted with
24-d-old scedlings that were grown in a different sctting.
Weekly weather reports continue and the option to start
transplanting may be accepted or rejected. Transplanting
may be random or in straight rows. When transplanting
begins there is no turning back. Transplanting decisions are
diagramed as Subroutine 3 in Appendix 1.

Each weck following transplanting, the program gives a
weather report, the number of days since transplanting
(DT). and the crop’s cumulative drought stress, if any.
Wecks with enough rainfall to overflow the 20-cm-high
dikes are flagged and totalled weekly. Submersion damage
and subsequent yicld loss are cumulative and partially a
function of the age of the rice. For a more detailed analysis
of the impact of drought and flood, sec McMennamy and
O'Toole (10).

One month after transplanting some portion of the
original hills have died. The operator can decide on a
second transplanting of those empty hills.

During each of the 7 wk after transplanting, weeding is
optional. If the operator chooses to weed, it can be hand
weeding, rotary hand weeding, or by postemergence spray.
Three weedings are possible. The greatest yield response is
with spray, if the water level was appropriate. Operators
who choose random transplanting should not attempt to
use the rotary weeder or the program will scold.

Weeding options and the resulting yield increments are
discussed in IRRI (8), which provided background for the
progium, but the simple FARIDPUR formulation is the
author’s.

Six weeks after transplanting, rice is tillering well despite
carlier rainfall patterns. The operator is asked to estimate
the number of tillers per hill and, if there is fertilizer left,
is asked if it should be applied.

The following week the operator is again in the fields,
this time with an extension agent. Together they identify
sonie discasc problems. As the alert operator gains more
expericiice with the program, it becomes apparent that
planting an improved varicty will reduce the degree of
disease damage and will cause a different mix of diseases
than planting a traditional variety.



At week 10, panicle initiation is imminent. At this point
the operator has the last opportunity to apply unused ferti-
lizer. The operator who reserved fertilizer for panicle ini-
tiation benefits from improved yield and is commended for
prudence. The following week the operator is asked to
estimate the number of developing panicles per hill.

This, like the estimate of tiller number, is to stimulate
discussion and learning among the players. The answers to
those questions do not affect yield.

The rice farmer’s work is never done. At week 12 rat
control must start if the harvest 15 to be protected. The
operator may choose to set out poison bait.

On week 13, panicles are developing nicely but stem
borers and rice hispa are attacking the grain. Severity of
the infestation is given on a 1-10 scale. An effective spray
insecticide may be applied. A perceptive farmer will learn
that applying systemics or using IPM ecarly in the season
considerably reduces late insect attack.

At week 15, panicles are filling and hang heavy on the
stalks. Birds can become a problem. The farmer does not
poison or kill the birds, but may choose to send children to
the fields with flags and slingshots to protect the crop.
Birds always get something but never more than 6%, usually
only 1 or 2%.

In week 16 the soil should be drying if grain is to ripen
well and the harvest is to procecd unhampered. If water is
still standing in the field the operator is notified and asked
what to do. If the field is drying well, the farmer can offer
a prayer for continucd good fortune,

In week 17 rats attack, but nothing can be done. Earlier
preventive measures pay good dividends in this season.
Grain lost to rats varies greatly but averages 9% with no
preventive measures and about 4.5% with control.

Harvest is by hand, with as many hired laborers or
family members as necessary. Here, as at several other
times, the program teaches by suggesting the number of
labor days necessary 10 harvest cach hectare farmed. The
program also asks for the wages to be offered for harvesting.
The wage rate does not affect yield, but is to stimulate dis-
cussion. Harvest begins 126 DT 24-d-old scedlings (7) and
takes 2 wk. During harvest, considerable grain is stacked on
the threshing floor. Rainfall during harvest damages the
product,

After harvest the crop must be threshed, either by hand
or with oxen and a threshing floor. It takes many vears of
experience to realize that hand threshing, although slower,
causes less grain loss than threshing with oxen. Even now,
the environment may work against operators. A sudden
rain may catch the grain on the floor and cau- some
spoilage.

At last, harvest and threshing are finished. The prograni
gives weather reports for the remaining weeks of the calen-
dar ycar, a weather summary, and yield data. The operator
is told hew many poor farming judgments were made. A
poor judgment is one that produces less than optimum
results for maximizing yield. The model does not consider
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economics and profitability. These can be considered
separate from the model by completing the form in Appen-
dix 2. The operator also learns how many weather aberra-
tions affected the crop and in how many ways pest damage
lowered output,

The program attempts to be user friendly. It calls the
operator by name and requests appropriate answers where
inappropriate answers weire offered. At the end of the
program the operator can express probable frustration by
answering the question: “*What do you think of all that?”

Although the answer does not affect program results,
the user-friendly approach attempts to give responsive inter-
action similar to farmer-to-farmer or farmer-to-extension
agent communication.

TESTING THE MODEL

The pregram was tested in a series of runs in which human
inputs remained constant. Constants included tractor land
preparation, applying systemic pesticides, herbicides and
100 kg urea/ha, and other yield-maximizing farming pro-
cedures. At those input levels, yield was about 4.4 t/ha.

Thirty successive years of simulated rainfall will consis-
tently yield annual means oi between 1900 and 1960 mim,
This is very close to the historic mean of 1910 mm over 29
yr. During this period the simulated extremes ranged from a
high of 2870 mm to a low of 1257 nun compared to the
historic range from 2962 mm to 1318 mm. Over a series
of 100 yr of simulated rainfall the highest weekly total was
378 mm, compared to the historic record of 472 mm,

USING THE MODEL

FARIDPUR can provide social and biological scientists the
counterpart of the physical scientist’s laboratory. By
repeated runs of the program, experiments can be repli-
cated with great savings of time and effort and in a mode
that encourages :apid lcarning. FARIDPUR can he]p
students learn about the vagaries of weather and the range
of conditions that face real farmers each year.

The importance of monthly average rainfall data and
mean ET is abundantly clear, as is the significance of the
variable arrival of the monsoon rains and the frequency of
unexpected late rains that damage grain at harvest. Timing
and frequency of drought and flood can be investigated
using many planting dates.

FARIDPUR also can be used to train students of various
disciplines in the agronomic techniques that produce high
yields. For example, a student in agricultural cconomics
might be asked to investigate the effect of N on the yield of
BR4 und to develop a formula to best describe the yield
response function curve, This could be done just as it might
be attempted by a farmer in the field. Several crops would
be grown sequentially with constant inputs except N, which
would be varied systematically. The results could then be
analyzed for the effect of N. Computer study closely simul-
ates the technique a farmer might use for a similar analysis
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but is much more difficult, and thus less accurate than the
plea an economist or agronornist might use in the field.

The trained academic would use many replicated tests in
a small area in 1 yr. All would be affected by the same
weather constraints. The farmer, however, would try dif-
ferent application rates in successive years, and only a por-
tion of the farm. His results would be affected by different
weather each year and would be far more difficult to inter-
pret than those of the academic.

The model can be adjusted to give the same weather
sequence year after year by removing or replacing line 130,
With this simple change, the random number sequence, and
thus the weather, will be identical for each run of the pro-
gram. By using this technique one can simulate any number
of replicated tests for a given weather pattern. Unfortunate-
ly the realism of the unknown future also is lost.

One of the strongest lessons to be learned from FARID-
PUR concerns the harsh realities facing the peasant rice
farmer who does not profit from the advantages of assured
irrigation but is subject to annual vagaries of weather. The
plight of farmers in flood- and drought-prone shallow rain-
fed fowland environments is not happy. Many of the pro-
blems are illustrated by successive crops raised through
FARIDPUR.

PROGRAM DETAILS AND AVAILABILITY

FARIDPUR is written in MODEL II BASIC and designed
to operate on Radio Shack’s TRS-80 computer utilizing the
TRSDOS operating system. It operates within the 64K
memery limit of that machine, but the addition of any
more material will cause the program to exceed the 64K
capacity. A slightly modified version, written in Micro-
soft BASIC, is available for the-Kaypro 4 computer that
was used for much of the development and testing of the
program.

In its original form, for use in Bangladesh, FARIDPUR
was programmed to report in the English measurement
sysiem. The version discussed in this paper has been trans-
formed to the metric system by a few easily accomplished
changes in the program. The program is 960 lines long.

A second generation of the program deals with succes-
sive aus and aman crops. This program, named TWOCROP,
is based on the same weather simulation used in the original,
and incorporates and displays basic information on oper-
ating costs and income from the sale of the aggregate grain
yield,

TWOCROP, like FARIDPUR, is designed to be used in
much the same way a pliysical scientist uses the research
laboratory. Experimental crops may be raised under par-
tially controlled conditions to study the impact of changes
in individual inputs. As with the farmer in the village, the
problem of impact analysis is imprecise because several of
nature’s parameters are beyond the individual’s control.

A complete listing of FARIDPUR and TWOCROP may
be obtained from the Department of Agricultural Econ-

omics, International Rice Research Institute, P. O. Box 933,
Manila, Philippines, or from Professor Robert E. Huke,
Department of Geography, Dartmouth College, Hanover,
NH 03755, USA.
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~ Appendix 1, Gencralized chart 'sljoWln'g ki'ou"(‘ines followed in FARIDPUR rice production simulation.
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weather data (by week) - ; no
(rain, LT, soil moist.) > |-
\
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( STOP or REPEAT )
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Appendix 2. Income and expense account.

The following form has been designed to allow the operator
of FARIDPUR to keep a record of the costs and potential
profit from using a given level of farming inputs. He or she
may also experiment with various production techniques.
By recording expenses and value of production over a
number of successive crops while following a constant
farming strategy, an operator may determine a likely range
of profit (or loss) for a given set of inputs. Varying the level
of a single input over several crops will allow the influence
of that input to be studied in isolation. .

In this manner the program may be used to estimate the
likely economic results of a whole range of possible changes
in farming technique. Rationalization of events occurring
“paturally” is not possible with this program. Rainfall,
flood, drought, plant disease, insect attack, and rats vary as
they do in real life and, although their impact on yield may
be dampened by appropriate human response, they are
beyond full control. The primary aim of the model is to
allow the development of agronomic strategies to maximize
yield in the face of natural constraints, By recording
economic results the experimentor may also analyze strate-
gies to maximize profit range.
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> Faridpur, Bangladesh
+Income and Expense Account

Sced varjety:
Farm size:
Total yield:

I. OPERATING COSTS:
A. Material Inputs:
Seed cost
Systemic pesticide P,
Fertilizer ———
Insecticide (spray) ——
Herbicide ————m
Rat poison sy
B, Scedbed preparation: (for labor days usc 2 or farm size X 2
— whichever is larger)
Labor days X labor cost/day
Animal power (total labor expense above X .5)

|

- Total ————
C. Land preparation: :
Labor days (acres X 5 X labor cost)
Power source: (usc onc only)
a. Oxen, owned (farm size 0 to 7 acres) = Tk, 90
b. Oxen, hired (acres X 2.5 X labor cost) i ———
c. Tractor: (acres X labor cost X 10) e
Total -
D. Other costs: ‘
Swing basket (labor rate X 2 X no. of times) ) —_——
Transplanting (labor rate X acres X 7) :
Retransplanting (labor rate X acres X 2) —_—
Fertilizer application (1.5 X labor rate X acres)

Weeding:
Hand (3.5 X labor rate X acres X no. of weedings)
Rotary (1 X labor rate X acres X no. of weedings)
Depreciation on weeder (Tk: 30) —_—
Spray (1 X labor rate X acres X no. of weedings) —_—
Depreciation on sprayer (Tk. 40) : ) —_—

Insecticide application: :
Labor (1 X labor rate X acres) - -
Depreciation on sprayer (Tk. 40) c —_—
Bird protection (4 X labor rate X acres) )

Field drainage (2 X labor rate X acres) P,
Harvest (Ibs, of unhusked yield + 560) X (wage rate) —_—
Grain drying (harvest cost + §)
Threshing:
by hand (lbs, of unhusked yicld + 450) X (wage rate)
by oxen: labor (Ibs. of unhusked yield + 900) X (wage rate) -
Cost for oxen (labor cost + 2)

IL FIXED COSTS:
A. Land tax or rent

I1I. INCOMI::
Total production, lbs. of RICE
Valued at Tk, per Ib,
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SUMMARY:
Total Income , N S
Less Total Costs ‘ ' :

NET PROFIT or (LOSS)
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