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Approval for Project Implementation for "Design of Cropping
 
Patterns for Asian Small Farms" 

Problem: The attached unsolicited proposal Wras submitted by Dr. Warren
 
Vincent of Michigan State University. Authorization for project
 
implementation and funding is needed.
 

Discussion: This project has been developed by Dr. WLrren Vincent
 
as an outgrowth of the IRRI "Cropping Systems Program" which has
 
developed higher producing cropping patterns through the application
 
of high levels of scientific skills and judgements of he and his
 
fellow researchers. The work has now developed to where the earlier
 
modules of the researchers' synthetic design systems simulation can
 
now be refined to improve the simpler routines. The analysis of
 
the labor and power component of the cropping system this proposal
 
covers is the first and pilot undertaking. Properly developed it
 
will lead to the refinement of the other four modules and make a
 
better interpretation of the data thr:ugh a step wise field research
 
methodology. This simulation methodology allows the assembly and
 
analysis of information on what labor and power is needed for 
sequential and contemporaneous crop combinations that fit changing
 
economic and physical conditions for maximizing the returns to a
 
farm system. The best combinations can be used in field and farm
 
trials.
 

Objectives: The primary objective of thi Troposal is to expand and
 
develop the labor and power component of~preliminary whole cropping
 
system model that has been developed. It will (a) attempt to determine
 
what factors cause the long delays in planting second crops when
 
early maturirg rice is growm; (b) specify and analyze the labor and
 
power requirements that limit the farmers" choices in making timely
 
operations; (c) determine the labor and power requirements to make
 
cropping systems compatible with the risk, market, credit and invest
ment components; and (d) provide a professional development opportunity
 
for international rice researchers to increase their cooperative
 

efforts.
 

ABuy U.S. Savings Bonds Regularly on the PayrollSavings Plan 
010-108 
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The results will be useful in designing cropping systems which produce
 
more output from the 
same land and labor inputs to improve human nutrition.
 
It wi.ll have application for many of the rice producing regions of the
 
world.
 

Capabilities of Investigators: Dr. Warren Vincent, Professor of
 
Agricultural Economics at Michigan State University, is widely recognized
 
as a leader in the development of simulation type research. Co-leader
 
Price has worked with Dr. Vincent in the development of the earlier
 
modules. They are very capable of successfully leading the graduate
 
candidate through the project to its successful conclusion.
 

Reviews of the Proposed Project: This unsolicited small research
 
project has been reviewed by the Asia Bureau, two members of DSB/AGR
 
and DS/RES. Aiu have made cormnents on specific parts of the project
 
but recommended its approval.
 

The proporal has ben reviewed by DSB/ESP/AGR and meets the requirements
 
of an unsoliciteO ,roposai contained under AID PR 7-4.5301 (3). There
fore, it is recommended that a contract be awarded to Michigan State
 
University without consideration of other sources.
 

Results: The research results will be published arid an a-reed number 
of copies furnished to AID.
 

Project Costs: The current estimate of cost on page 9 of the proposal
 
do not reilect any itflationary increase over 1977 prices and wages.

A conversation with Dr. Vincent indicated that the graduate student
 
stipend at least should be increased to account for inflation.
 

Timing: Because this research project will be used for a graduate thesis,

timing is very important; the student M:Lchigan State has in mind needs
 
to begin work in January if he is to be able to follow through. If
 
approval is forth coming, it i. hoped the 
project would be initiated 
by mid-January, 1978.
 

Recommendation: That the project be approved, with the inflation
 
factor included, under the Small Research Project Program.
 

Approved:))i. p. f/ 

Disapproved:
 

Date: 16 / . -

Clearances:
 

DS/AGR:WMerrill " Date I/ '
 
ASIA/TR:CMart!.n ADate / 1 .
 
DS/PPU:RSimpson  - Date -_______ 
DS/RES:,JErickson , Date / 
DS/RES:MRichcigl -, Date , 
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RICE-BASED CROPPING PATTERN DESIGN FOR SMALL FARMS IN ASIA
 

I. Background, Problem Setting and Need
 

The objective of the Cropping Systems Program of the International Rice
 

Research Institute is to develop more intensive rice-based cropping patterns
 

that produce more than farmers' present patterns and that are likely to be 

adopted by farmers.
 

Through a stepwise field research methodology inwhich prospective
 

rice-based intensive cropping patterns are first hypothesized (the Design 

Phase), then tested against agronomic and economics criteria (the Testing
 

Phase), a number of promising patterns have been introduced through pilot
 

projects (the Extension Phase) with the initiatives and support of national
 

agencies of the Philippines with which the IRRI research program has close ties. 

The success of the cropDing systems program to date in developing higher
 

producing cropping patterns and projecting their adoptability to specific 

sites has been achieved through the application of high levels of scientific
 

skills and judgement of well-trained researchers from a wide range of dis

ciplines in the scientific co,,rnunity. Likewise, the program has called for 

the application of a wide range of analytical approaches to the solution to
 

complex inter-disciolinary problems in cropping systems research. 

The need is recognized now to augment previous research efforts with
 

synthetic analyses that assemble sequential and contemporaneous crop com

binations hypothesized to fit new combinations of physical and economic 

conditions in new or expanded regions where crop intensification is desired.
 

Recen~t advances in developing micro-level computer simulation programs at 

IRRI and their potential for further development are Dffered as a timely 

and effective response to this need.
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The problem of synthetic design through systems simulation is presented
 

as do integrated, yet segmented, process. Each segment (module) of the
 

process can be researched and mathematically simulated to yield useful 

intermediate results either independently of or in association with other
 

system modules. The modular approach serves to coordinate research con

ducted in the several subject-matter areas and helps set priorities for the
 

total research agenda. Components of the needed synthetic design process
 

as currently conceptualized to include the following economic components;
 

(1) the labor and power component, (2) the risk simulator, (3) the mar

ket and pricing simulator, (4) the credit and cash flow simulator and, (5)
 

the income and investment simulator. Each of these components represent
 

research areas for investigation by individual investigators each contributing
 

to a comprehensive, integrated analytical system.
 

As a sti'dy, each of these components repres(nt a refinement of a rudi

mentary comprehensive simulatior of a typical Philippine farm (Appendix A)
 

which was completed inApril, 1976. As each refined component is completed
 

it may be used in place of the simple routines contained in the original
 

farm simulation. Therefore, each study may contain an analysis of both the
 

intermediate results of the refined component, as well their impact on the
as 


whole farm, the latter using the comorehensive rudimentary model. 

The comprehensive model was constructed at IRRI arid Michigan State 

University (MSU) by Tirso Paris, under the advisorship of Warren Vincent,
 

Department of Agricultural Economics, MSU. Dr. Paris is now Assistant
 

Professor of Agricultural Economics at the University of the Philippines,
 

Los Banos. Maintenance and further applications of the comprehensive model
 

are being conducted by Paris and Price in the joint UPLB - IRRI project
 

described in Appendix B.
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a Further applications of the comprehensive model and an exploration 

of possible directions for its further development were presented by Warren
 

Vincent, at the IRRI Cropping Systems Symposium held in September 1976. A
 

part of the overall plan to refine the simulation components is in this pro

posal for new collaboration between MSU and IRRI. This proposal represents
 

but a part of the large problem of cropping pattern design. Construction of
 

comprehensive simulation model for pattern design requires the efforts of
 

specialists in several disciplines including engineers, soil scientists,
 

agronomists, entomologists, weed scientists, economists and possibly others.
 

There is concensus among cropping systems and other researchers at IRRI that
 

a comprehensive model is useful as a goal if it provides a 
method of assuring
 

that individual studies are complementary -- that variable definitions are 

standard, that overlap is sough in terms of the input and output variables 

considered, and that redundance in creative effort is 
to some extent avoided.
 

It is satisfactory if the fruits of a comprehensive approach are limited to
 

these achievements, and linkages between component studies remain judgemental.
 

Of much greater concern is that component studies individually orovide methods
 

of systematically assembling cropping patterns suited to well-defined subsets
 

of physical and economic determinants of pattern perforrance.
 

In addition to the five economic studies identified above, certain com

ponents for the comprehensive effort will be developed by other researchers.
 

The rainfall simulator from the original model is being re-estimated for new
 

locations. A water balance niodel is being developed by staff of the IRRI
 

Multiple Cropping Department (Appendix C). Improvement of the production
 

component is a major task which is being undertaken as several independent
 

studies of specific crops or crop sequences, for example a study of direct

seeded rice (Appendix D).
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Af present, all studies are based on experimental and farm level research
 

data obtained in the Philippines. Long range plans call for adoptation of
 

the 	synthetic systems design efforts to other Asian countries included in
 

the 	network of nations involved in IRRI research.
 

This proposal and request for financial support is but a small part of
 

the 	needed and projected "global" endeavor.
 

II. 	Objectives
 

In keeping with the above expressed need, the primary objective of this
 

proposal is to develop the labor and power resources component of the com

prehensive economic systems simulation model. Specific objectives include the
 

following:
 

1. To specify'and analyze a class of physical and economic relationships
 

in the labor and power resources sub-system that affect farmers'
 

choice and execution of rice-based cropping patterns.
 

2. 	To develop simulations of the labor and power resources component
 

mutually compatible with other system components and which contri

bute operationally to the development of the comprehensive farm level
 

simulator undergoing continuous development in the IRRI Cropping
 

Systems Research Program.
 

3. 	To provide the opportunity for on-going interaction between and
 

mutual professional development for members of both the Agricultural
 

Economics Department at Michigan State University and the International
 

Rice Research Institute who are actively involved in the project.
 

The first two objectives indicate explicitly that, of the several needed
 

studies-in the comprehensive research program, the labor and power component
 

is of immediate concern. 
Although the farm power base is recognized as a
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pri;:cipal determinant of existing and potential cropping systems, little re

search on the problem has been conducted within the IRRI cropping systems
 

program. The need for irformation here is increasingly apparent. For example,
 

the long delays in planting second crops which have recently been observed
 

following the new early-maturing and direct-seeded rice crops have been
 

attributed to power deficiency. The viability of new multiple cropping
 

patterns is, it now seems clear, partly dependent upon the sizc and type of
 

farm power base.
 

The problem is complex because of rainfall and topographic variability
 

and the related difficulty of concentrating water in a manner timely for land
 

preparation and planting. 
 A simulation of farmers' alternatives and selection
 

of crop combinations may be based on a weekly evaluation of expected returns
 

from planting a large number of alternative crop sequences on the various
 

plots lying on different parts of the landscape of a typical farm, given
 

rainfall to date and expected future rainfall. Preparing land and planting
 

a specific plot would be chosen during a given week if expected net return
 

from this action exceeded expected net return from all alternatives. With a
 

given power and labor base, the choice of preparing land and planting a
 

specific plot would constrain planting dates on other plots because work on
 

the chosen plot would occupy the power and labor base until the act 4vity is
 

completed.
 

Changes in the labor and power base of the farm would alter prospective
 

planting dates on other plots. 
 The effect of different configurations of the
 

labor and power base on cropping intensity and farm income will be examined
 

in repeated simulations.
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C. Research Assistance.
 

The researcher may obtain assistance for language translation,
 

data collection, and retrieval, computation, and programming from the
 

Cropping Systems staff of the Economics Department at IRRI, whose time
 

shall be allocated to the study in the following equivalents:
 

Research Assistant or Aide 3 months
 

Statistical Clerk 3 months
 

Secretary 2 weeks
 

Following field experience in the Philippines the researcher will have
 

programming services provided to convert data and program tapes to an
 

operational condition 'or use on the computer of his own university. He/she
 

will be provided typing services for preparation of the final report of
 

the project (thesis) with copies made available to the cooperating insti

tution. The number of copies will be mutually agreed upon by IRRI and MSU.
 

D. Researcher Living Allowances.
 

The researcher, if unaccompanied by immediate family to the Philippines,
 

shall reside at IRRI dormitories and take meals at the IRRI cafeteria.
 

If accompanied by immediate family, a living and housing allowance will
 

be provided which, when compared with other graduate researchers at IRRI,
 

is not preferential. Additional living allowance needs are a part of
 

this request.
 

After conducting research in the Philippines, the researcher shall
 

be provided a one-half time graduate assistantship for six months with
 

associated privileges and responsibilities of graduate assistants at
 

his/her home University.
 



E. 	Research Supplies and Facilities.
 

The researcher shall be provided work space at IRRI during his/her
 

field research and receive study supplies through the Economics Department,
 

use the Agricultural Resources Center (Computer), and otherwise avail
 

of IRRI research facilities as an IRRI M.S. scholar or Post-M.S. fellow.
 

Likewise, work space and supplies will be supplied at his/her home
 

university commensurate with other graduate students. However, supplies
 

for computer use and preparation of the final report are included in the
 

budget below.
 

F. 	Travel.
 

International Travel:
 

Co-leader Vincent shall make a supervisory visit to the researcher
 

during the conduct oF his/her field research at IRRI Los Banos, and/or
 

other Philippine sites.
 

The researcher will make one round-trip from his home university
 

to IRRI, Los Banos.
 

In-country Travel:
 

Co-leader Price shall make supervisory visits as needed to each
 

primary researcher at Philippine sites away from Los Banos.
 

With approval of Co-leader Price, the researcher shall make such
 

study trips within the Philippines as needed for execution of the
 

study. As most data and facilities required for the study are located
 

*inLos Banos, the same shall be considered the location of the study.
 

V. 	Budget
 

The budget below represents the amount requested for financial support.
 

It excludes the mcietary contribution of IRRI to the project which includes
 

research assistance, living and housing allowance, supplies and facilities and
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in~country travel as described above. All funds requested below would be
 

utilized in the final six months of the project except for those items
 

associated with international travel of the project co-leadir, those associated
 

with one way international travel of the researcher and his/her family (if
 

applicable) and the supplementary allowances for the researcher during the
 

period of work in the Philippines.
 

Salaries:
 

1. MSU Project Leader
 
International 1 week 743
 
Domestic 1 month 2,700
 

2. Computer Programmer (MSU) 1 month 800
 
3. Graduate Researcn Assistant (Researcher)
 

Overseas 12 months 
MSU 6 months 

4. Typing services 
5. Salary overhead 
6. Fringe benefits 

Sub-total 

2,460 
2,970 

200 
2,650 

800 
13,323 

Travel and Per diem: 

1. MSU Project Leader 
1 RT East Lansing-
Per diem 

2. Graduate Student 
1 RT East Lansing-M
Minimal family tra

Manila 

anila 
nsport allowance 
Sub-total 

1,510 
200 

1,510 
2,000 
5,-220 

Other: 

1. Pre-departure expenses 
overseas personnel 

2. Communications 
3. Computer use 
4. Supplies 

for 

Sub-total 

650 
800 
600 
407 

2,457 

TOTAL: 21,000 



APPENDIX A 

IRRI Saturday Seminar
 
I:pril 3, 1976
 

A COIUTER SII'MIATION IfODEL OF UPIAi!D RICE-,ASED .iULTIPLE CROPPING SYSTEiiS 

Tirso B. Paris and Edwin C. Price1 /
 

INTRODUCTIOL! 

liultiple cropping is an ancient practice but thedevelopment scientificof cropping systems which are appropriatelocality has been to a givenextremely slow. This requires intensive researchvarious croppi-ng rnixes andon careful evaluation of its performance
biologically and econoi.:icallyi.
 

Rice, being the m.iost important crop in the Philippinesrest of Southeast and the 
in 

Asia:n countries, has been considered the Main crop
most multiple cropping 
 experients at 1PRI. Because of dominanceof rice, most, of the cropping systeris considered in this study are
rice based.
 

The main approach of the s-tudyof farm level rice-Lascd 
is systems analysis and simulationnultiplu cropping systems. This approachfound many applications both hasin industry and agriculture.conceived of as a The farm issyste., composed of several components which arerelated interto one another. Systems analysis implies lookingas a hole, not only at the farmthe discrete couponeuts and their interrelationshipsbut also the effect of external influunces both environmental and economic.If these interrelationships and influences

in quantitative can be nodeled and expressedterij;, the effects of alternativethe part courses of actions onof the fari'ier, as well as the
and effects of changin- anvironmntaleconomic inflaenccs on the performance

evaluated. Technically, 

of the far system, can be
this is te4ied simulation; it is nothingthan trying to duplicate the conditions 
more 

that exist in theSimulation can be real world.done by simple pen and paper calculations.the However,more complex the system is, it becomes increasingly difficultfollow the tovarious interrelationships of te ";,st:Lm. Thu-,of computers in siuzulation the useis almAost a necessity in complex syste
simulation.
 

I/ Post L*SAFellow and graduate student, 1lichigan State University,and Economist, Imm, 



The main objectives of this study are:
 

(1) 	To develop a system modcl for simulating; of upland rice-based
 
nultiple croppin. systems.
 

(2) 	To evaluate by means of a computer simulation model the effects of

envirornental aad economic influenccs, 
as well as alternative
 
cropping mixes and cultural practices on the performance of
 
the system.
 

PROBLEIi SETTING 

The simulation model developed in thi study has been designed forupland areas. Eight upland crops are included, namely, palay, corn,

sorghum, munghcan, cowpea, peanut, soybean, and 6weet potato. 
The data
used 	 in this study were oLtained nostly fror. the weekly economic surveysin Cale, Tanauan, Latanga.', from tol .73 date conducted by the Cropping
Systems, Economics Section at 
IRRI. in addition, agronomic experiments
conducted in Cale ai-d other Datan.;as barrios were utilized. Climatic
data, especially raitifall, 
 vere obtained from the Ambulong Weather

Station in AmbulcnV,, Tanauan, Batangas, which is about 
5 kilometers
 
from Cale.
 

The ter. multiple cropping usdas in this study refers to thegrowing of two or 
.iore 	crops in different areas at one time and/or thegrowing of two or more crops on the saic area in sequcnce. As this
 
implies, intercroppin 
and relay cropping are not included.
 

STRUCTURE OF THE 1ODEL 

Figure I shows the main components of a farm systems model. It
can be seen that 
 ;.tany 	compon nts fnterplay in the perforrmance of the farmsystem. Performance may be measured in 
termt of production, farm and nonfar., income, total income, consumption, farm labor use, 	etc. The main
components that seem to be ir.portant are the resource endo e.cnts of thefar.; 
(land, labor, and capital availability), i.:arkot influences on 
the
farr. 	through product rices and input prices, the technology employed,
and environmental influences as 
they affect yield of each crop.

that many variables affect 

Pote
 
each 	of the above compoaent:s and that their

interrelationships are co.iplex. It is then obvious that takinLgvariables into con;ideration is an unranagcable tasl 	
all 

and perhaps imprac
tical for the purpose aL hand.
 

In this study it was necessary to take a subset of all the components in Figurc I. iAfter a nur.iber of revisions on the i.iodel structure
consistent with the data availability and our ouwn capabilitics, a muchsimpler model was arrived at and this is shown in Figure 2. The major

components of the revised and sii.pler version of tarn systxo are: 

1. Crop cnvironment
 
2. Land allocation 
3. Laoor utilization
 
4. Product aad input markets 
5. Production component 
6. Income component
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These components are not independent of one another nor are they necessarilyidentifiable or conceptually discrete. Rather. the subdivisions are for
the sake of convenience ia dealing with the 
whole far,. 

Crop Environment 

In an upland setting, rainfall is considered to be the most 
important environmental factor affecting crop yields, 
 T'his fact has been
cmphasized by many researchers (e.g. Yoshida, 1975), Since rainfall
is the only source of soil moisture for the plants, the simulation of
rainfall is of prime importance in order to be able to determine thedegree of drought stress to which the crops are subjected. 

Other environmental influenLces such as solar radiation, temperature
and relative humidity, while also important, were not included because
of the lack of data base for deriving their relationship with yield.
 

Land Allocation 

The land allocation co,-iponent has the function of allocatinglimited land over time to various crop eiiterprises. It not only determines how much land is planted to a given crop in a given year but it alsodetermines what crop occupies a g ivctn portion of land at a particular
time. In this study, two alternative m.ethods of land all )cation wereemployed: (1) a linear programzi model which maximizeu total net returnssubject to bi-weekly land, labor, and operating capital availability; and(2) an approach wherein an experimcnter allocates land by specifying acropping pattern, as well as the area and planting dates of each crop.Since it was difficult to physically link the simulation model and theoptimizing linear progra:innin, model, the second approach was mainly used

in specifying the land area 
planted to each crop. 

Product and Input arkets 

In the product and input market:, prices of each crop and costs ofproduction inputs are deter:nied. Prices and costs play important rolesin determining the relative profitability of each crop. 
 In this study,
an effort was made to sli,,uzae the pricc movement of each crop. This wasachieved by allowin. price to vary botii seaso,-,ally an.d randomly around
its nean. Price could also 
 be made tu vary secularly by iacorporatin:.

iato the model trend lines of eit'ier linear or e:poncntial form. In
this study, prices are u::o eious to the farm. That is, a farm by itself,
cannot influence produc- and iupat prices.
 

Productiot Component 

The purpose of the production component is to determine theyield of various crops given the enviroruent under which the crops aregrown, the managemenlt practices, and input levels. The yield of a crop 
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is the end result of the interaction of many biological, physiological

and physical processes. The factors affecting these processes are 
nunmrous and it would be impossible to include each of them in a 
yield prediction model. 

In this study, the factors which were considered to affect 
yield are (1) rainfall, through its effect on available soil moisture;

(2) level of nitrogenous fertilizer; (3) level of weeding labor;

(4) degree of insect control; and (5) variety of crop. The ethod for 
determining yield of a crop iven the above factors is by the so-called 
reduction rates approach which is ei:plained below. 

Labor Component
 

In the present model, the labor component merely accounts for

the use of labor in the production process. Labor requirements by

operation and by time distribution are provided exogenously to the model. 
Thus, given the areas and the planting dates of each crop planted, the 
weekly labor utilization pattern is obtained for the entire simulated 
year.
 

Harvest and post-harvest labor are determined eLdogenously in the
model. That is, they depend on the actual production. Likewise, ferti

was to onlizing labor made depend ttie actual amount of fertilizer 
applied. Weeding labor is pre-deteriained as a policy variable. 

Labor availability was based on the assumption of 2.5 man
equivalents available hours day days week, or8 a and six a appro
ximately 120 manhours per week. This assumption compared favorably
with actual observations in Cale, jatangas. 

Labor is hired in tlt model when either of the following 
conditions are met: 
(1) if required labor is greater than available 
labor, or (2) when the operation is planting or harvesting or some 
other user-specified operation aid the area planted is greater than 
0.3 hectare and production is greater than a pre-specified level (500
kilograms in the model). The latter condition was enterd because it
has been observed that farmer:i in Cale, jatangas, hire most of their 
harvest aid post-harvest labor, despite the availability of substantial
 
family labor.
 

Income Component
 

The income component is really an accounting coiponent, the 
function of which to track farm andis keep of all income expenses.
It.determines the total production, value of production, .cost of 
production, aad net returns of each crop planted and for the whole 
farm. 



THE COIPUTER Sl:ULATION ODEL 

The computer model, iiritten in FORTRAN langC;age,I is composed

of an executive routine (MAIN pro3rain) 
and eight major sub-programs.

In addition, there are 
six .;-inor sub-programs which service the major

sub-prograns as needed. 
 Figure 3 showe the flow chart of the main-progr.l of the simulation model. lote that it carries out 3 functions,
namely, job initialization, run initialization and simulation. 
'Most

of the job initialization is actually carried out in the compilation

phase of the program through the BLOCK DATA sub-program which contains
most of the exogenous data. However, when the 
 sub-routine CONTRL iscalled, it reads in the number of siriulation runs desired, the title
of the job, and other data uhich are not possible to include 
 in the
 
BLOCI DATA.
 

lefore the first simulation run is executed, the 
run is initialized

first. Sub-routiue CONTRI reads the mode and optio.is desired in a
particular run while subrouti neCONTR2 initializes the policy variables,

namely, the area, plantin: date, fertilizer application lave], weeding

labor input and insect control expenditure level. 
 These are either
read from cards or set within the rodel dependin, on th,2 node of run. 

There are 
four modes Ly which the simulation model could be run:
 

:ode I - Areas, planting dates, and input levels are specified by 
the user. The rainfall option is also set by the user.
 

!,ode 2 - A desired input is vried internally in the model withincrements specified by the user. 
The other inputs arc held fixed
intern.lly either at zero, low, mediur.i, or high levels or some other

levels desired by the user. The rainfall pattern caa either 
 be fixed 
or allowed to vary between runs. 

'iode 3 - Plantiv- dates are variQd betweean rUns (read fro cards)whilu inpuL levels are held fi,:ecI. ,';in, the rainfall pattern can
eithcr be held fixed or allowced to vary in between runs. 

Ziodc 4 - Rainfall is varied in each sit:,ulatioi run while holding

input 
 levels and planting dates constant. 

With these different modcs of running the model, various kindsof experimentation can be done with the simulation model. 17or example,
yield response experilents can boe done by using :jode 2 while the evaluation of the economic stabiiitv of a cropping pattern with respect
to rainfall variability can Lo done using Miode 4. So1e illustrative 
runs will be discussed below. Before doing so, however, the rainfall 

I/ Several simulation languages have been developed recentlynotably DYNAMO, GPSS, SII[SCRiPT and GaSP. See Charlton (1971). 

http:optio.is


Cenerator (subroutine RNGEN) and its various options, the yield
 
predictor (subroutine PROD), and the pricc generator arc first 
elucidated.
 

Rainfall Generator (RNGEN) 

The purpose of the rainfall gencrator is to provide to the
 
model the rainfall pattern for the simulated year. The gcncrated 
rainfall data will have 
some bearing on actual planting dates and
 
yields of crops.
 

In the simulation model, there are five options available in
 
gencratin- rainfall: (1) generate rainfall based on the paraietcrs 
of an incomplete gar.ma distribution for each week syathesized 
fro-m actual data; (2) randonly select a year between 1949 and l175 
and to use the historical rainfall data of the Ambulong Weather 
Station for that year as 
the rainfall pattern for the simulation
 
run; (3) use the historical rainfall data of a pru-deterined year; 
(4) rando:.Ay slcect a high, r.ediut.i, or low rainfall year on the basis
 
of annual total rainfall and to use the historical data of selected
 
year in the ziulation run; and (5) use the average wcezly rainfall
 
of the Ambulo , Ucathur Station fro.i 1949-75 as rainfall pattern for
 
the si. ulation run.
 

Of the above five options, only the first does not use histo
rical data.!! Rather, it -jcnerates weekly rainfall synthetically
given the para.,etcrs of inco.r plctc a.m,.ia function. The latter was 
used instead of certain other probability density functions such as 
normal and lo -nor..,al functions bCcausC it gives a better fit to 
actual ddta than the other functions. This fact was verified from 
goodness of fit Chi-squarc tests. This finding also ajrcc with the
observation by other authors abovt the shape of the rainfall distri
butio i. 

In order to verify the acceptability of the synthetic rainfall 
generator, si.ulated ra LEfall data ';as coi.,pared with actual data. 
Tai les 1-4 show a conparison of characteristics between 5 sir.ulatcd 
rainfall fiL;ure and rainfall data from five randomly selected years.
 
Note that they have rl;',,ost siriilar characteristics in terms of total 
rainfall, avcrage rainfall 'w, quarter, number of dry wecks, and number 
of ct 1.ceks. 

Another test performed was to compare the weekly sums and standard 
deviations of 30 ,cars of sir.ulated rainfall data against the 27 years 
of actual data, as shown in Table 5. In terms of mcan annual rainfall 

1/ The use of historical data Eor sir.nitlatiou punPnc han ho=n 
criticized by Phillips (1971).
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totals and average rainfall per week, Tables 6 and 7 show that
simulated and actual data have fairly similar characteristics.
 

In addition to the function of generating weekly rainfall,
the subroutine RNGEN re-schedules the planting date of each crop
if necessary, depending on the rainfall patter-n. 
The rules adopted

were: 
(1) if soil moisture is deficient during the week prior
to the expected date of planting then expected planting is delayed
by a week; 
(2) if soil moistue'is deficient during tiq.expected

planting'week, then expected planting is delayed by another week;
and 
(3) if the planting of wet season crops are delayed, the dry
season crops that foliow are also delayed if the harvest period

of former'equals 
or exceeds the planting dates of the latter.
 

The subroutine RNGEN also determines the weekly available soil

moisture-based on a crude water balance model
 

-
-:: 

ASM 
t - ASM t - :.RAIN .LET .RO t 

where ASM is average the available soil moisture, RAIN is the rainfall,
ET is an estimate of evapo-transpiration and RO is the run-off. 
The
use of a water balance model was deemed better than simply conaidering
rainfall in a given week since a low rainfall or rainless weeic can becompensated by some carrycver moisture in the previous week.
 

.
 Finally, the subroutine R1dGEN determines the number of drought
stress weeks in each stage of crop growth based on 
the weekly available soil moisture-and planl~ing weeks. 
 In most of the simulation
 runs done so 
far, drought xias considered to have occurred in week t
if ASM t is less than 0.5 of an inch, The user can, however, specify

another drought level desired. 
 The number of drought weeks are then
 
passed on to the production component.
 

Production component (PRODN)
 

The main function of subroutine PRODN is to determine the yield
of each crop based on 
(1) fertilizer level, (2) weed.control level,
(3) insect control level, and (4)"number of drought stress weeks in
 
each stage of crop growth.
 

Figure 4 shows the flow chart of the production component used
in the simulation model. 
 The main approach used in the prediction

of yield is the reduction rates approach. The approach suggests
the use of, potential yield as a starting point and then a series of
reduction factors 
are applied to the potential yield to account for
input levels and environmental influences which depart from optimum.
Optimum levels of inputs and environmental factors are here defined
 as those levels which result in maximum yield. It is not to be
confused with the economically optimum level which maximizes net 
econom ic returns or profit.
 

Several studies have employed the reduction rates approach of
yield adjustment such as those of Lon-wrth (1969) and Denmead andShaw (1960). 
 The latter applied the recluction rates 
on the effect
of moisture stress on yields during various physiological stages
of crop growth. Gomez 
(1975) also used a similar yield prediction

framework in his model on optimizing returns in small farms.
 



The yield equation may be expressed as
 

Y a Yo (1 - rl) (I  r2) (1 - r3) ... (1 - rn) 

where Yo is the maximum yield and
corresponding to given level of inpat Xi
.
 
r. is the yield reduction rate
 

is a function of variety and 
Here, tile maximum yieldsoil type. Onreduction rates are a function 

the other hand, theof actual and optimal input levels.When the level of input Xi is not equal to the optimum level Xs,there is a reduction in 
 yield so 
 the reducti,n rate ri
positive.
 

The potential or maximum yield Yo may best be obtained from
yield trials in experiment stations. 
Yield trials 
are usually
done under the best crop environm~ent such as complete weed control,hi-h fertilizer levels, irrigation, and maximum insect and pestcontrol. 

The estimates on yield reduction rates can
various sources. be obtained from 
either 

The main source would be agronomic experimentin experiment stations or in the field which used suboptimal input
surveys as welllevels. Other important sources of data are economic
as agrononic experiments done in various locations
and seasons. Finally, w.hen
to sub-optimal in)put levels arc 
no data on reduction in yields due
aailable, a priori quantitativeestimatcs or informed judgdnents trord technical experts can 
be
substituted.
 

Table 3 illustrates how the reduction rates of fertilizer is
obtained. 
Given the fertilizer response function
 

Y c 1500 + 25N - .0417N2 

the resulting yield for various levels of nitrogen are as shown.Note that the optimum level of nitrogen is 120 kilograms per hectare,resulting in a maximuin yield of 3000 kg. 
 The reduction rates of other
levels of nitrogen are 
then computed by
 

r (xi) 1 - Yi/3000
 

where Yi is the yield coirespondin 
to x. level of nitrogen.
 
1 

Price Generator 
(PRGEN)
 

The purpose of 
 the price generatorof a crop at any is to determine the price
given week of the year. 
The basic assumption is
that an. individual farm's production, supply, and demand
r small part of levels arethe total
It is 

market. Therefore, farmers are pricethen sufficient takers.to deal only with the total market rather than
relating individual farm production with price level.
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Since price determination based on derand and supply functions
 
is a complicated matter, no attempt is made to build a demand and
 
supply r.odel. Instead a relatively simple i-.ethod 
is employed wherein
 
price is estimatcd by i.'eans of seasonal price indices and base prices.

The base price is 
the expected annual average price which is determined
 
by an equation derived by fitting a trend line on 
past annual data.
 
Parameters of both linear and exponential trend lines have been
 
estimated and the i.iodcl can 
be conveniently revised to reflect
 
either assumption for any crop. 
 Based on tests of go.dness of fit,

prices of most crops in the model arc presently assumcd to vary

exponentially according to 
the rates 
that have been estimated.
 

Annual Lase prices which have been projected by using trend
 
cquations are 
then adjusted for seasonal variation. The price

for a given crop is varied ronthly depending upon the actual seasonal
 
variations that occurred in 1lanila iiarkets, (which heavily influence
 
markets in Cale, !atan'as) froii 1'94,. through 1974. 
 The resulting
prices thus reflect loth trend and seasonal factors.
 

Two options are available for further adjusting prices: the
 
randon and non-rando!, options. 
 For rando price generation, standard
deviations (PSDEV) co,:-puted pricesI:wrc for fro;! which trend, cyclicaland seasonal factor . haV bee retoved. Then the seasonal, trend price
for a given month, K, is adjusted for irregular variation by the 
following steps: 

(1) Generate a rando. number between 0 and 1,

(2) Determine the standardized norr.mal deviate, Z, corresponding 

to the rando:.i numiber Erat,- step (1) above, 
(3) Conputc expectcd price as P - X :-(PSDEV) (Z), where PSDEV 

is the standard deviation as dcscribed above . 

Under the non-random option, the expected price is siriply the

seasoal, trend price. The rando; or 
non-randon price i-; theII

used to compute 
 , ro.--, returis fromi the crops and patterns Which 
arc si-.ulatcd. 

SO:ME ILLUSTRATIVE SEU LATION RUNS 

Several simulation runs weru do::e u.sing the various .iodcs
and options of the -modl. At this :ta,;e, it muSt 1c cmphasized
that the modcl is i., no way final. Part of tWe data particularly 
the reduction rates tused wore contrived rather than based on 
actual data. ijorcover, :o-,c lortion of the rodel are workingnot 
exactly as intendcd. 'Thereforc, the si:mulation ruti.; described
below arc meant to be illustrative ratler than the final word. 
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. 'ield response to fertilizer h i h vs. zero eedi a and i ns ct 

-control 1-z~ l- Szeolgda n 

This run was done usin_ i odein steps of 20 hilorar, 2 where fertjlizer was incremenced
17ere held 

per hectare. lleediar, labor 'andfixed at two levels: insect controlzero and high levels.pattern The rainfallin 1973 was used throughout.
 

Tables 
 9 and 10 show the sinulatedof zero and yield reSPO.e tohi-h levels fertilizer
both cases, 

of other inputs, respeccively. Note that 
in
hibher levels of fertilizer resultedeach crop. e3oth tab-, in ii:,her yieldsalso , shox. the fact ofbcan, cowpea, peanut that leguues suchand soybean as mui.are relc-tively unresponsive to highlevels of nitroen ,.
 
It is significant 


crop are 
to note, however, that yieldconsidera:ly levels of eachhig;her

Control levels 
in the ease of higiiweedin' andthan those at insectzerofertilizer levels. Fig:ureresponse curve 5 shows thatof uplaad palay is the 

and inisect control levels than 
higher for ;iigh weedingat zero level.
 

Since 
 these results reflectporated the assumptioiisin the production that w,'ere incorcomponent,
e:pected. Lhe outcOi,!e is ,,orHowever, Ltie eatirely unmUltiplicativefertilizer, interaction.,;and insect ol rair.fall,and ,',Ld cootrol :ave not been foreseentherefore andare new inlormation. 

2. Yield response .oweedin- abor, ii-Iand vs. lowfertilierinsect control
 

Tables 
 11 and 12 were obtainedraianiall. also by-iowever, L.is usin:' ;;ode 2 andtiie 1973fertilizerwere ;,old fi:.ed wi.ile varyin 
and insect controi levelsthe anount of weedin ';yield levels werc hi;her at abo-. As e::pe'-'tedhih ferti.liethan at low levels. anc insect controlri, Ire 6 -hoi-s thc levels -,rapos of zi.luLatedresponse yieldof upland rice to weedia.. labor. 

3. Comparison oyields beieen faorable and ufavorableconditions.
 

The objective 
 o; Lilis E-1,Iences 1.'as to deteri..iwcof each crop subjected the yield diflerto e::tremelyfavoraole urfavora;,Lcgrowin 'o.,Litions. au:i e.:tremelyUnfavoraLlcby using- zero cornditionsfertilieor, 'e'o:, simulatedweed contrul,low rai:fall years. ,,Id insect control levelsOtn andthe othersimulated 'y high mana'.einent 
hand, lavorable conc:jtion,, werelevels alon,, withUnfortunately, the desired rainfall option 

hii.i' rainfall years.
random rainfall (Cpticn 4) did not uork soand averageu rainfall were used for the unfavorableand favorable conditions, respectively. 
It should be noted that
 



Tai.ic 13 showL the -means of fivc runs of te r.zulting yieldsof each crop under both conditions. It cal bc seendifferences are considerable. 
that the yield

Yield differencen arc particularlylargL for cereals coi:np-rcd to legur.ies owin to the fact that in themodel the fori.cor are nore fertilizer resp'onsive than the latter.11hile the differences in yield could be actrib,.'tcd to the largegap in mana-eeit levels, the use of randoi.i rainfall versus
average rainfail also lihely contriLutac to the in
diffcrcnceyields. lleekl average rainfall figurcs tend to ' th lar cfluctuatioas fa rainfall froi week to we!:. 

Ta" le 14 furt ,er show th. corsidera',le differncus in grossand net returns as well as in lafior utilization of eacl crop su)jected to extr>. i:anagci.!ent level, and conditions. 

4. Co.pacison L-etween inten;ive and non-intcnsive croppinpatterns
 

The objectivx of ttils run 
was to co::iparc the gross returns,crop costs, net returns, and laLor ujiliation betwoen a non-intensiveand an intensive croppin patter i. The uon-iatcnive croppii; patternconsisted of onu 'hectare of pala. in the wet scas;on followed by onehectare of corn i. thic dry sezson. The it-tcnsiv., croppin, patternconsisted of 0.6 hic2tarc of pala, and 0.4 hcectare of corn in thewet season and C.5, 0.3, ).I, and 0.1 hectare of corn, sorg;hur.i,iun.-, and cowpcn respectivc,y, in the dry sva:;on. Loth croppingpatterns wore saC jectud to oth low and hi,-h i.,anai,;ceent levels..line replication: or runs were done on each treatment.
 

Table 
 15 shows the rer!ults of the simulation runs. Itapparent isthat in ''oth croppi,.! patterns high lvels conlvanaeeevtsistently resulted in higher LrQs.; returns, crop costs, nct returnsand labor utilization than lotw :.iana.er.ent lev.,2L;. i*owcvcr, it i.siaterestin* to note '..at at 1o\% input levels, all econoriic ueasuresarc higher for the inensi.ze croppin, pattern. Thi:. can Le attrihuted to severae factors -;uch as crop prices, yi id level!, aztdlaLor req icjtt difftrenccs. Und1er h;h input levels :;ross and,let returns were h-i,-hcr With the hon-.iatensivc, croppin-, patt.-ra. Thiccan ;e attriLh'ted to the fact that the yield reduction rates of palayand corn in thie ;-odel are .such that they arc roro responsive toli-h ianagcrie;-t levCis e- ,pciall, to f,-rtillzcr. 

5. Co-pariso. of lantiw dates and ieldsusi.w two .,trace--iesfor choice of olanti- datc.
 

Two strate i'; for ciooin,., planting dates; 
 tzcrc exa:.iineddeterr..ine tothL.ir CEUC'c: on the £ea3i.i.ity of a tkir%.e-crop-, sequc;ce,aad the yields of the cropo i. tic seq:.c-. Tie siill-tLed patcerNwas rice, follocd Ly corn, iol 1owLd I.- coiwpci. On! stratc, wa'; toprepare the lan:d durin, the earliest wcc!: after -arch I wlhen 0.5inch of rain falL , and then to , [ant dt'i the s tdseoqncet ce!-:when ra.Lifall is .5 inch. The second strategy was si:ti Iar,::ay I to 7 sciected Lut I.i,as the earliest plantin,; week. Too raiofall optionused was to randorily select an actual year of rainf-lii froin 19/:0 to 1974. 

http:inensi.ze


Nine runs: were perforried uinder eac' planting strategy, onerice crop w-.as planted durin- tlio wel arch 5tins dates - l;' all other planwere rmuch later and closely comparable to thc rice plantin' date under the second rate-Y. An avera-e difference of only
 
10 days, that is 
 a p an t in , lay.., fro. .t..-fror--ay-3to13 -renu '....
...
folThwi'n- the differcjt traecres Anlncrcase in paly yield of
.1 ton resulted fran tai (iIt fe
dcla. rtilizcr, insecticide, orwiedin- labor applicvotions ar a uich-d.) SiulatedY yiefd of the oneearly-1iarchplantid crop wa 1.27 t/-m coh' pared to a hi of 1.59tha harvested fro.i the . crops.la h ver 

The tond"icy hof Oland ar.-fcrst plant at aout ter sane ti~edench year ia. ',eon :iocd previously Ly .resLtcccwrl the area,and this has been cauaLl; 'attributedrLo cust(. novcr,il is apparunthere thai thot pyi) ic.I cnvironut, coind wit the ioisotivationplant earl:., alr.-ioct tofully,, e::plai'~s thc '.enLdenc-. In fact, if the one

carly liarch pil rtiin dtc s

stratej-y doctcod; 

JreIt W frSowltei undcr the early plantingodis thv:n thec av;c 1,:c: dat: u:; Of the two stra
t:eoes differ n eonly ^ days. 

in 
. . Corn vyi s weta farly: .niforr.ic under oth stratecias,twea r*is, ai fact corn aroundthe that crops ere usually plantedin te irliotlee ritce hrv (i.e. no, delayswaitinL; for ra-iin) ,iiidic,,tc that ,oii i.oisturo is usually ample*duriing AU'ut 

The yield reductions cstigfro. arly pala y planting, would benor _ than-offoct in an i:vora-:o yna-, by better covpea yields. In 2 outOI,f --he yearsB wlhc~ ati uarly rice planting; stratc!,-y as followed, acowpea crop, w7ao feasiilu and the avera Ie yield was .64 C/hia (over 9yoars) . :j conpariconl,
t:ic 9 

coirpea -crop was posai;_1c in only 4 out ofyears iMen a late-planting straecty was followed, with anavernge yield of .32 L/ha (over 9 years). 

A]thozi7 a:, average 10 day dlny .inlplantinL; the rice crop
*m.:all, -t Is wverthele:1, cri-icpl to feasiility ol planti g: a 
is
third
crop.1 Thic zoicluci.on is horne out: by Ihe 
 results of pattern trialscarried out in inLatangas 1974-75. Third crop cowpea ranked with
5orhu.: ratoon, aLso a l,.ird lowest
variali lo c&t Grr.-,C'i crop, as 

95 
Iiving returns over 

tq
B, a t e :. 1 7 ) 

' '._ .,. ' -. i ', h ...... 
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Table 3. i'Iumber of dry wetks, simulated vs. randonly sel.cted 
years 

Randomly seleced yurs vs. Simulated years 

_ u3_ter 

Year 

tcr Quarter1 2 3 4 Year 
 1 2 3 4 

1953 12 5 2 7 
 1 13 U 2 10 

195G 13 8 5 10 2 13 9 5 8 

1961 13 6 3 r 3 13 U 7 5 
1968 13 
 7 3 10 
 4 13 10 2 3
 

1970 13 9 5 4 
 5 13 3 5 9 

Total 64 
 35 18' 39 
 Total 65 
 43 18 
 40
 

Table 4. :uriLer of wet oecks, sirulatcd vs. randomly selected 
years 

Randomly selucted years vs Simulated years
Ouartr 

Year Quarter
1 2 3 
 4 
 Year 
 1 2 
 3 4
 

1'53 ID 0 0 0 1 0 0 1 0 

1950 0 1 1 0 2 0 0 0 0 

1961. 0 
 1 0 0 
 3 0 0 
 0 1
 

1968 6 
 0 0 0 
 4 
 0 0 0 
 0
 

1970 0 
 0 1 0 
 5 
 0 0 
 2 0
 

Total 
 0 
 2 2 
 0 Total 0 0 3
 



Table 5. Comparison of :et':ly rainfall .ieans and standard deviations, 30 years of simulated rainfall based
 
on ,a.a parameters vs. actual d ata, A..iL)lon,, Tana laa, _atan;a- (Lnc:.es) 

3 i.ula ed . ta iS LU lated .'c ualI 

J.ee lc.i a. Std . Dev . -.c z, Std . D v . l~ee: ..can 3td . Dev . .ae 'n Std . D v , 

1 .17 .22 .30 .57 27 I.S3 1.09 i.1-3 1.4C 
2 .10 .10 .1; .2G 22 2.67 2.50 2.5 2.29 
3 0 07 .11 2 3.42 j.6. ..:i 4.25 
: 
5 

.97 

.06 
.0 
.07 

.10 

.i0 
. 
23 

39 
31 

;.32 
2.4 

12,0 
2.7? 

2.27 
2.3 

2.15 
2.11 

6 .10 0r .0 .11 32 2.22 2.01. 3.15 2.43 
7 .04 _25 .11 .2 33 2 .2 2 .42 2.3 2.15 

.07 .0 13 3 1.67 

10 .07 
. 

.10 
.1231 
.2G 

,31 
.:3 

35 
36 

3.34 
4.0" 

2.65 
3.02 

2.00 
:'.37 

2.38 
4.58 

11 .03 .14 .21 .40 37 1.3 . 1.72 1.03 
12 .02 .04 .12 .34 33 2.37 .2 2..'.2 1.74 
13 .05 .07 .11 .3 1.73 1.35 1.55 1.37 
14 .02 .04 .06 .17 40 2.23 1.,6 2.33 2.21 
15 .13 .20 .23 .52 41 2.7C 2.15 2.42 2.45 
13 .07 .15 .35 .56 42 1.1 2 1.. 2.25 2.56 
17 .42 .51 .62 .Sc 43 .7 1.12 i.24 - 1.43 
13 .80 1.07 .,6 1.3- 44 .% 1.33 1.45 2.53 
1. .46 71 1.02 1.23 5 1.5G 1.5S 1.22 1.11 
20 1.68 1.74 1.35 1.75 4c' 1.6U_ 1.96 1.32 1.4i 
21 1.63 2.03 1.44 17 1 1.'5 2.3 
22 2.31 2.75 1.67 2.35 41- 1. 74' 2.20 1i. 3 .,32 
23 
24 

2.03 
1.28 

2.37 
1.21 

1.62 
1.45 

1.. 7 
1.53 

4-
50 

.37 

.10 
1.25 
. I.16 

. 1.61 
1.23 

25 1.62 1.32 1.2 1.43 51 .56 .73 .'0 1.43 
26 3.11 2.0.2 2.31 3.27 52 .30 .29 1.13 1.71 



------ ------

Table 6. Annual totals and avcragesrainfall based on gamarc 
per week of 30 years of simulatedparametrs computed from Ambulong, Tanauan,Batanas (inches) 

Year 

1 

2 

3 

4 

5 

6 


7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

10 


19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 


30 


Average 

Sun 


31.33 
49.49 
4.97 

80.99 
70.78 
72.60 


77.19 
51.94 

76.95 
51.20 
66.69 

69.N9 

81.74 
60.03 
05.14 

:4.11 

85.01 
76.42 

51.30 

46.41. 

51.11 


65.06 
70.59 
(.77 
73.61 
71.59 
55.!Q 


(). 35 

02.07 
62 .29 


68.53 

Avg/Wook 

.95
 
1. 25
 
1.5C
 
1.36 
1.40
 

1..48
 
1.19
 
1.48 

.99
 
1.20.34
 

1.57 
1.15 
1.25
 
1.62
 
1.63 
1.47
 
.99
 

.19
 
. 

1.27 
1.35
 
1. 73
 
1.42 
1.36 
1.07 
1.14 
1.50 

15
 

1.32
 



Table 7. 
Annual totals and averages per week of actual rainfall data,
Ambulong, Tanauan, jatangas, 
1949-1974 (inches)
 

Year 


1949 


1950 

1951 

1952 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 


1973 


1974 


All 


Annual 


Total
 

49.7 


67.3 

74.2 

84.3 

65.4 
54.1I 

49.4 

80.4 

47.9 

53.0 

70.2 

89.8 

85.9 

96.2 

53.8 

66.8 

46.8 

81.7 

76.6 

53..8 
49.7 

71.0 

88.2 

91.4 


67.6 


87.9' 


69.35 


Avg/Week
 

1.1 
1.3 

1.4
 
1.6
 
1.3 
1.0 
1.0
 
1.5
 
.
 

1.0
 
1.4
 
1.7 
1.7 
1.9
 
1.0
 
1.3
 

o9 
1.6
 
1.5
 
1.0
 
1.0
 
1.4
 
1.7
 
1.8
 

1.3
 

1.7
 

1.33
 



Table 8 • Reduction rates for different nitrogen Iiput levels, play/ 

NITROGEN 

(kg/Ha), 


0 


20 


40 


60 


80 


100 


120 


140 


160 


/ 	 Based on te nitrogen 
Y = 1500 + 25N - .0417 

YIELD 

(I,-/ha) 

1500.0 

1958.3 

2333.3 


2625.0 


2333.3 


2958.3 


3000.0 


2958.3 


2833.3 


response function 
NL
 

REDUCTION
 
RATE 

.50
 

.35
 

.22
 

.13
 

.05
 

.02
 

.00
 

.02
 

.05
 



Table 9 . Simulated yicld responsc to fertilizer, zero wecding and insect
control (t/ha)/
 

Crop 20 
Fertilizer 

40 60 
level (k-

80 
N/ha)

100 120 140 

Palay 2.1 2.5 2.S 3.0 3.1 3.2 3.1 
Corn 1 2.2 2.6 3.0 3.2 3.3 3.4 3.3 
Corn 2 1.6 1.9 2.1 2.3 2.4 2.4 2.4 
Sorghum . .1 .1.2 1.3 1.4 1.4 1.4 

ilungbean . .7 .3 . .3 .8 
Coupca' .9 1.0 1.1 1.1 1.1 1.1 1.1 
Pecnut 1.3 1.5 1.7 1.8 1.9 1.9 1.9 
Soybuau- 1.1 1.2 1.3 1.4 1.4 1.4 1.4 

S. potato 8.0 9.0 10.1 10.7 11.3 11.3 11.3 

a/ I:ode 2, 1973 rainfall 



Table O. Simulated yield response to fertilizer, high weeding and insect control 
levels (t/h)a / 

Crop 

Pa1ay 

Corn 1 

Corn 2 

Sorghum 

'.ungbean 

Cowpea 

Peanut 

Soybean 

S. potato 

20 

2.0 

3.1 

2.2 

1.3 

. 

1.3 

1.9 

1.7 

12.1 

.v 

40 

3.3 

3.7 

2.6 

1.6 

1.1 

1.5 

2.2 

1.9 

13.5 

Fertilizer 
60 

3.8 

4.2 

3.0 

1.8 

1.9 

1.6 

2.5 

2.0 

15.3 

level 
00 

4.1 

4.5 

3.2 

1.9 

1.2 

1.6 

2.6 

2.1 

13.1 

(kg/hn) 
100 

4.2 

4.7 

3.3 

2.0 

1.2 

1.7 

2.8 

2.1 

16.9 

120 

4.3 

4.8 

3.4 

2.0 

1.2 

1.6 

2.8 

2.0 

17.0 

140 

4.2 

4.7 

2.0 

2.0 

1.2 

1.5 

2.7 

1.9 

16.9 

c/ !:ode 2, 1973 D,infall 



Ta 1-le 11 . Simulated yield rsoonse to weeding labor, low fertilizer and 
-insect control levels (t/ha) . 

Weeding labor (manhours/ha) 

Crop 20 40 60 80 100 

Pala7 2.3 2.4 2.6 2.6 2.7 

Corn 1 2.5 2.7 2.9 3.0 3.0 

Corn 2 1.8 1.9 2.0 2.1 2.1 

Sorghum 1.1 1.1 1.2 1.3 1.3 

*Diungbean 0.7 0.0 0.3 0.9 0.9 

* Cowp e " 1.0 1.1 1.2 1.2 1.2 

Peanut 1.5 1.7 1.8 1.3 1.8 

Soybean 1.4 1.5 1.5 1.6 1.6 

S. Potato 9.9 10.3 10.9 11.5 11.5 

a/ liode 2, 1973 Rainfall
 



Table_.2 . Simulated yield response to wecdin3 
labor, high fcrtilizer and
 
insect control levels (t/ha)-


Crop weeding labor (manhours/ha)
 

Palay 


Corn 1 


Corn 2 


Sor-hu. 


ilungbcan 

Cowpea 


Peanut 


Soybean 


S. potato 


a/. ILode - 2, 

20 


3.6 


4.1 


2.9 


1.7 


1.0 


1.4 


2.4 


1.8 


14.6 


40 


3.8 


4.3 


3.1 


1.8 


1.1 


1.5 


2.5 


1.9 


15.2 


Rainfall Option 4 3, Year 


60 


4.1 


4.5 


3.2 


1.9 


1.2 


1.6 


2.7 


2.0 


16.0 


1973
 

80 100
 

4.2 4.2
 

4.7 4.7
 

3.3 3.3
 

2.0 2.0
 

1.2 1.2
 

1.6 1.7
 

2.8 2.8
 

2.1 2.1
 

17.0 17.0
 



Table 13. Comparison of simulated yield, favorable vs. unfavorable 
conditions (t/ha) 

Crop Yield (t/ha) 
Unfavorable.!/ FavorableS % Diff. 

Palay 1.53 4.23 276 

Corn 1 1.61 4.56 283 

Corn 2 1.56 4.71 302 

Sorghum 0.82 2.73 333 

Mungbean 0.66 1.44 218 

Cowpea 0.88 1.92 218 

Peanut 0.99 3.33 336 

Soybean 1.07 2.42 226 

Sweet potato 7.11 18.24 257 

a/ Hean of 5 runs 
b/ 
c/ 

Random rainfall, 
Average rainfol, 

z- rc inpLts 
high iLiputs 



conditions S 
Table 14. Cc .yparisonof econo:ic perforimance by crop siLulated favorables.e s 

unfaoraoe-'eathernaoaoei/ tir andn npuhnut 

Gross 
CrpReCrop U 

turn:; 
F U 

CropCosts 
Costs F 

!e 
ReturnsUj F L 

Labor 

UtilizationU-- F 

Polay 

Corn 1 

Corn 2 

Sorihu;. 

!..54 

163K 

1731. 

372 

4 

4260 

124 

-5q 

- leaoy.. 0 
.10 1810 

3 11 
-)o.. 1330 

M3 1630 

1308 

1314 

12,G 

1346 

233 

367) 

3222 

3486 

1137 

73 2 

411 

573 

!tanhours 

100 

.il•487 

487 

833 
;un: ean 

Cmwpea 

Peatlut 

Scybeai 

3374 

4 55.L 

412z 

3'.9 

720J 

,600 

10965 

6693 

750 

600 

-73 

573 

2000 

1350 

1323 

1323 

2624 

3951 

3549 

2456 

5200 

7750 

2145 

5070 

710 

77 

767 

566 

8.31 

1027 

D23 

932 

70ot" Lo 7861 13004 573 1 23 7288 16731 63i 
T o a -911 7 1633 '43 16213 241(S 55470 

- ------------
7435 

a/ 
/ 

c/ 

Randou rziLEfa11, 
Average rainfal1, 
hean of 5 runs 

zero inputs 
hih input:; 



Table 15. 
 Comparison between intensive and non-intensive cropping
patterns (low vs. 
high input levels)
 

Index Intensivb/•." Non-intensivei /
 

Low High 
 Low High 

Gross Returns 
 4019 
 8492 3710 8570
 

Crop Costs 
 1128 2760 948 
 2667
 

Net Returns 
 3691 5735 762 5903 

Labor utilization
 

(manhours) 1254 194G 1160 1460 

Effectiva Crop Area
 
(ha) 2.0 2.0 2.0 2.0 

n/ Zode 4, Cncrated rainfall 
b/ 1 ha. po.lay - 1 ha. corn 

/ ,.lt: 
Dry: 

0.3 ha. palay, 0.4 ha. corn 
.5 ha. corn, .3 ha. sorghum 



--------------- 

Table 16. Comparison of plati,- dates and 

iaputs 

AvL yield, 

yields ui.,: two strat,:c;iec for
choice of plantitig date 

Plant iSAP After 

Rainfall Palay 


Year-3 Date 


1965 21 


1960 20 


1958 22 


1956 20 


1955 21 


1971 17 


1974 18 


i952 10 


11'73 17 


Av2 date I3.4 

-

7Vg yield 1.5 1.6 1.7
 

with lol 

Hiarch 1 

Corn 

Date 


40 


39 


41 


39 


40 


36 


37 


30 


36 


37.6 


1.7 


Plant 
Rainfall 
Years 

1950 


1966 


1953 


1957 


1951 


175 


1962 


19)63 


1951 


Avg date 

t/ha ..............
 

ASAP 	 After iiay 1
 
Palay Czn
 
Date Date
 

26 45
 

19 38
 

19 38
 

20 39
 

18 37
 

19 38
 

19 38
 

20 39
 

18 37
 

19.u0 33.0 
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Available labr VARIABLI S Raiifall RAINIALL Planuin1 
Required labr DA A Parmtcr-- ( 	 NRATORae 

P11tentlal 
(Other ,ield Rainfall 
____,_,_ rdt_,_t_,,f Pataernrte%!t 

LABO(R Labor LAND Area 	 PRoDU;CTI0N Inu lertilizerr
COMPUNI ALILOCATION 	 ('OMI'ON hNI Inect ControlIni Area (,COM PON L N T L1.€ e Weed Control 

Cost , ii 

PRI(I. Pri,ces CROP Perform,,ance 
G"NIRATOR s COMPONIN VariableiI. Grubs returns 

2. Net retIurs 
3. Labor utilization 

Labor 	Use 4. Fffective crop area 
5- Others 

itijoi coinpotten Is and in te elat ionships of tile s1ttiulaton1Iodel. 



Start 

Call control Job initialization 

IRUN+ I 

IUNCaIp (tion changes 
(CONTRI

I 

F Call CONTR2 R 
Ru~n Illltlalizanlnn 

Call RNGI.N Rainfall 
Genera tot 

Call PRODN 
Produc ion 
Component 

Call PR (. E G 

Price 
ne alt r 

Simnulation 

i-Labor 

Call LABOR Cornponen I 

: -

C'all CROP."Printing 
Fig 3lPRIN r 

Accountingi 

)es)
" 

Flowchart of main program, cropping systems simulation model.
Fig. 3. 



Rainfall Rainfall Water Balance 
Generator Pattern Model 

Degree of'I 

Moisture Stress 

Fertilizer 

Policy Weedin,. Labor_ RedIclimim Ratc 
Variables Insect Control Istimator 

ReductioM Rates 

Block Table o Reduction Rates ield 
Data for Inputs Y YM., ( l-r, )(l-r, 

.MaxinmL Yield 

Fig. 4. Flow chart of the production component., 



Yield (t/ha) 

40 - High 

30

20 

1.0 

0 
0 20 40 60 80 00 120 140 

Nitrogen (kg/ha) 

Fig. 5. Simulated vield response of upland palay to fertilizer, high vs. low 
weed and hisect control. 

Yiekld(tho) 

4.0-R'600 insecticide 

000 1ON 

30 
-" 20 kg N 

-R D0 insecticides 

20 

0 

0 I I I I I 

0 20 40 60 80 100 120 

Hondv&-eding (rmn-hours) 

Fig. 6. Simulated yield response of upland palay to weeding, high vs. low 
fertilizer and insect control. 



.APPENDI X B 

y sPROPOSAL 

FOR-A~ 

E I.'STITUTE FOPJECT AGRICULTURAL 

ECOINO.1ICS DEPART:ILT, IRRI 

Titl:W~lsisof ropingpattern flexibility under variable 
Tile' y of cr~.pin - --

rainfall conditions.
 

S 1. To fvrthcr 4c.-vclop a farm level simulation model for 

evaluatin~jth e ocono.ac; Pcrformance of multiple 


with reFQcL t'o wuc.,)k.y rainfall and variou5 cconomric conditions.
 

at thre2 sites in fatanna, Iloilo and Px,.irxnan, Philippino.
 

To compare the economic Dcrformance of cropping pattern

in t' t.iro ioc.tonS,:includinq th.e porfornianco of best altcra

tivo.s if and wheni rain fallI concitions ':icccnsary for emecution of 

fi rsltcchoice5 arc' not fulfilled. . 

3. To a-pl th Anoldco gaid 'o the deign of more
 
p l y t h-k n 

productive nrw cropping patterns, considexing fall-back alterna

tives.
 

Justificcti ,Cn 

A co .muterizcd rmtlhematicat modol of a typical farnin 

tale, cwplctot in April 1976. The .,odel can beBatcr;nz,_. 

an..
to olotznr: c-t1-ito:usod of crop yieldT, economic returns, 

tin Profi'P'* c-- * it v i r c'it r U s• . c 6 'Jng L :fcr I:ious 
; : i
 

7,
- -l'i 

.croppingpattf:!rs
 

C 

http:ocono.ac


.1 b the 

spe~ai.cubybi 0 

a set of pcinoter 

.eds 
r 
"cher. ,.. 

reo.sch Lah such prediction is based on 

ed crop management techniques and exogenously. 

lated raifall can be set at high, low or .dium annual levels, 

etracoml, inr:nweek- to-wee paktterns :;typ ca:"'-of,Cale, Ba 

tpgsFranu ro'f':suc unc h b £6sedo' unique bu 

i 

typical rainfall pattcrn, means variances and standard deviation 

of perfoniancc varjinlcs can be computd.. 

*0i"np rne~rw oiirriirrrn a-' n~rr, nr tnp .jn .ip r npzi -zrL 

search of Dr. T.-rso Paris, and development of the model at Ii .. 

ceased whr, h5 folmlowshiD ended. The modnl, howevnr. hold; oro

ise as a tool, for ctoppin.g pattori d.siqtn and testing. Further

" 

mre, Dr, Pfr,., no.. 

Philippin,:s at Los 

a..i.s.tant professor at the Universit 

i, is now in a posi'tion to continue 

o- "he 

work *. 

oo"ilo'-mnl- as joit autl.r o~f thr 

* It is aj. £ropriate thatE a projoct ho formulated to aj:p1ly 

these resources to nneded areas ;of cripping systc-rs rt-search. 

However, since cr',,p respons-'s to vi -ious physical a:id managerial 

parameters cannol yet bQ fully clboxated based on present data,,. 

applications of the mod-el nhould riot icly he~avily .unon predicted 

yield level. , qth of gro,:ing period, feasibility of plan'[ing 

with respocttz rziunfall, and.probailities that yiclds will fall 

wi thin prii--.:',..-d ranacs, on the other hand,' are coriparz" i'ely 

rof daa. This project is thercfore 

to take ado'[nt::c. o,? tho-se mor, a'ccur3to. foeturcs, to render use

ful prof> c..';,,rtt~t~ l~<Lilty 

.Q .; 

__ _ _ ' &.... '''C22 rg.AV i " A . 'AA 

. 

K 4 ": . .. , ' A":"- . . 

-A *. 

AA A 

. 

", 

. . 

. 

. . 

> 

. 

" ', 

'A 
: 
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Experience of CS rcsearchers that rainfall often forces
 

deviations from planned pattern trials points to pattern flexi

bility hs an issue. In Iloilo in 1976-77, only 11 percent of
 

of pattern trials were executed as planned. Farmers' own patterns
 

are subject to similar shifts. Initial operations for execution
 

of first-choice patterns may favorably or unfavorably limit future 

alternatives within the season. With this analysis, we wish to
 

exa ,dre robustness of a*.ternatives once a planting s.trategy, i.e.
 

fircr-rniro- v-,nr n hc Pnn ni4 1 h . 

determine which Patterns provide greater flexibility for subre

ouent nl.ttorn zhi ft, with r rn r-t- t-r% ri*- nF.A11 

Plan orf rs'ar-lh 

AdditicrAl data are now avai.ible on crop responses to 

various factors included in the mode3, rainfall, fertilizer, in

secticides, and weed control ineasure. Weaknesses that were re

cognized earlier can now be partly i(mcrdied with the additional
 

data, and thi,. will be the initial s ,p in the research. Also the 

rodel will Le rrfstructured to permit Thifts within a simulation 

of the test crojping pattern, based on profit maxiimization, if 

and when rainfall does not permit timely execution of the first 

pattern choice. The routine would al o provide an option for 

optirnal choic- and sequencing of c'ops bcsed on sirulated rainfa.l, 

without a prerlai-.nd sequence. 

Further validation of the Cale, Batangas: si.r;ulations will 

be carried out, in whizh predicted pl:!i, inq dates, hazvest dates, 

http:prerlai-.nd
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yields and yield variances will be compared to those observed
 
undor similar 
actual ranfall and econotic conditions. Applica
tion of the revalidated rmodel to specific research issues in Cale,
Batangas will be conducted. 
 Some of the issues are as fol.lows:
 

I. Mhich crop sequences are feasible under Cale rainfall
 
conditions, and which plnnned sc-quenccs provide the-niost profit
able fall-nack alternatives? 

2. TO what extent do rainfall and power and labor avail
ability explain the observed long delays in planting second crops? 

3. Do returns variability explain pattern diversity on 
Cale farms?
 

4. I'hy were farrl'r ricC-sorghu:i 
J atern yields 2e .' in 
1975-76 and 1976-777
 

5. hy were plaltinc; daitcs fc! the sorcghum crops unu.3ually 

delayed?
 

Mile applicatiois of the TroWel to Batangas condliticns 
are undcer..vy, the rainfall di.Ltributin parameters for Iloilo and 
Pangasinar, will l, oztirited, The ne,'essity of recomputing crop 
response functions for diffe.ent site., will be investigated ,nd
 
executed if ncedd,
 

Rcearch issues to which the Iloilo and Pang:siran models 
can be inivi:wa1,, app!j.3 will be defined, then analyzed, and 
finally the :o:-.::a-raLiVO nalyynis actross three site-models will be 
conducted. 
L.bt)r and cash constraintsi can he examjndd at this 
stage, but th.- analsis of rainfall as a diffprentiating factor in 
cropping s t- will be c. ;.j-0e 



m~any Pos3sibilities. for further elaboration of the model 

are op:en, such as the incorporation of landscape classes and soil
related erminants. ButBut the prescent,project will simply help 

2t.- ofurther-de fine -thes -----------rs -tstutuoof~h 

model iii'acL, except 

Expected outnut 

for~the added optimization feature. 

A quarterly, 1-3 page note on th- research ope.rations comn

platcd will he distributed to interested parties, 

A paper to report rthodology ind major findings of the 

Cale, Datangs simulation-, will be prc-nted in an appropriate 

foru by' the 'nd of one year. Anotherpppor to results 

of comrarat'ive rescerch wil! be co:plc~tcd.., by the end.of the sc-cond 

.pr...nt 

:.: . 

. 

year cl the prcject; 

.O. Other notes and discussion papc-rs on specialiIssues will
be pre:.rnted ke, the results permit, and these may be produced 

7' :i ::- -: 

collaLc rati-..C..with. .propriate sci.-tists .ot included among 

the pr ,ary i(c:crchers. The primary rc.s-archert will seek: to 

accon.r.I, :te . nalysis of special i:3ues as proposed -by other 

P j rlary rc ,; s 

Dr.~T i.-:to Paris, 
Dr. Edwin Price, 

Cc')-loadcr 

Co-leader 

. Assist anct. of ot'hrr primary rescarchers 

on the basis of Problem id1.ntification. 

is to be arranged 
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Operations rnroccd-:r.'s
A-

The project co-leaders will be responsible for executing
 

and reporting the research in a timely manner. 
A quarter-time
 

Ceconometrician will be assigned to the project and shall be res

ponsible to the co-leaders.
 

Other primary researchers will critically review para

meters and operational characteristics of the mo6el, and research
 

output, related to their respective disciplines. They will also
 

model.
 

The project co-leaders shall meet rec:ularlv. nnd
 
between them 
 for proper direction of the activities cf the researcli 

assistant.
 

Duration
 

July 1, 1977 to June 30, 1979
 

Costs
 

Supplies, wages of research assistant, and computer time
 
will be paid from regular budget. items of t.0 Economics Dcpartment, 

Cropping Systems cornponcnt. An honorarium consistent with respon
sibilities of the co-loader and PCARR rates shall be paid to
 

Dr. Tirso Paris, AP.s~stant Nrcfc'ssor, 
 Institute of Agricultural
 

.Develo~prnnt ard A,Tinistraticn, University of the Philippines at
 
Los Barios. This shall LQ.
 Chtr9Q_ o the cooperative research item
 

of the Econo-ics-Cror.-it:cl 
 Systmrs: budgct. A schedule of expected
 

costs is atti-tchej. 



Budget for IADA/IPI Project for Simulation and Analysis of Cropping

Vattern Fle~xbjlitl


I 

* TADA, LIN.fl (P) , IRPT (P)
 

* 1977 ' 1978 
' 1979 'Total' 1977 1 '1978 1979 'Tozal
 
I I * I S 

I S * * . I 
g
 

1. Co-Leadar 
 ' 1,302' 2,604' 1,302' 5,208'

(Dr. T. Paris's ' 
 ,

time, 20%) 
 I a 0
 

yr. Tr. Paris .
 ' * ' J, tsL'UU' J, UU It),WUUsUU 

(at P700/::o) 
 o 
 o 
 ,
 

3. Economeutrician 
-, 
 S * 3,7501 7,500' 3,750'15,000 

.004 ,M,PG25/o) o 
 ' I' 

Supp: ics 

1 350' 6001* IS 600' 11,Z0 

, a 
Coriputer tinme 


' 1 1,000' 3,000' 3,000' 7,010 
T 1 3 2 


I I I
' , ITotal 

I a 
I a' 1,302' 2,60.1' 1,302' 5,2C8'0,00,19,500i, ,.
 4 0
 

- ~ p - j ~ . --
 13 -0 -.
 



APPENDIX C
 

2ha Draft
 

Crop Modeling
 

Accounting for Weather Influences on Corn
 
Yields in Multi-location, Multi-season
 

Field Studies
 

Weather factors are known to contribute to yield variations both
 

between locations in any one 
year and between years at any one location.
 

Therefore, weather plays an important role in the analysis of yield data
 

obtained from field studies. However, simple meteorological measurements
 

such as total rainfall and average temperature for selected critical
 

periods are of questionable value for analyzing results from small plots
 

because the conditions which precede or succeed any critical growth period
 

can and often do have a pronounced influence on the effects of a critical
 

period variable. This is not necessarily the case when the same critical
 

period variable is used in a crop production study over a region as large
 

as a province because preceding and.succeeding conditions are not uniform
 

over areas of this size. For each small component of a large region, the
 

critical period variable will be of increased or decreased importance
 

depending on several conditions. Because the influence of these conditions
 

on the critical period variable for each small area tend to cancel each
 

oLher when integrated over a large area, satisfactory relationships have
 

been found between average yields of a large area and simple weather
 

variables measured during critical periods.
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If the yield variations observed on small research plots are
 

to be accounted for by an attempt to introduce relationships between
 

environmental factors and crop yields, complications arise. Many
 

observations on variables such as rainfall, 'temperature, and net radiation
 

must be made for each of several crop growth stages if those data are to
 

be included in a yield analysis. Measurement of these few variables at
 

many sites would require considerable resources in the form of equipment
 

and time. Moreover, analysis of the resulting data, if done strictly by
 

customary regression procedures would lead to considerable confusion
 

because of some degree of multi-collinearity among the original or trans

formed weather variables. It has been shown that the inclusion of groups
 

of correlated variables in a regression model dilutes out some of the
 

statistical significance of the coefficients. Furthermore, pronounced and
 

misleading shifts in regression coefficients can occur depending on the
 

patterns of correlation among the independent variables.
 

A possible method of circumventing the problems described in the
 

previous paragraphs is to develop indexes which incorporate simple weather
 

observations into a single number or small set of numbers which represents
 

the cumulative influences of many factors on yields. Such indexes can be
 

obtained through te use of computer models. Through models, raw meteorolo

gical observations can be converted by appropriate computations incorporating
 

the proper physical and biological relationships as found from other studies,
 

into indexes which integrate the effect of weather on crop yields. Moisture
 

stress indexes have been obtained from such models with excellent results
 

in many instances. An appropriate model should also be able to provide
 

information about excess moisture conditions.
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It is known from other studies that the most pronounced yield
 

reductions occur at different stages of growth. Excess moisture is
 

most injurious in the immediate post-planting period while moisture
 

stress becomes most harmful starting in the period just prior to
 

anthesis and continues to affect yields during the grain-filling process.
 

In the general approach to computing an index or indexes to account
 

for weather influence on yields, two requirements should be met. Firstly,
 

the resultant index or indexes should reflect excess moisture and stress 

conditions simultaneously. Because these conditions affect the crop most 

strongly during two separate periods, and because the general responses 

of crop yields to abundant soil moisture in these periods are reversed, 

it is logical to construct a set of indexes, one for each condition.
 

Secondly, the indexes should be .appropriate for small research plots. 

For small plots, advantage can not be taken of the compensating conditions
 

operative over large areas, and thus it is necessary to obtain indexes
 

based on relationships close to known causal factors. Therefore, a moisture
 

balance model which provides infornation integrated over a critical cropping 

period seems more likely to be successful for small plots than simple
 

variables constructed from rainfall totals and temperature averages for
 

different growth periods.
 

Dale and Shaw had developed a soil moisture budgeting technique using
 

rainfall and Class A Pan Evaporation data to compute a stress day index
 

which estimates the adequacy of water in the corn root zone to meet
 

atmospheric demand. Because the Dale and Sh'., soil moisture balance and
 

stress index model had produced excellent results for several research
 

sfations within lowa, a decision was made to modify the program to use
 

available data in the development of stress and excess moisture indexes.
 

Estimates of progi-am parameters and other inputs were obtainable but 
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required verifi.ation. Also, model modifications necessary to calculate
 

an excess moisture index and to improve the stress index were made to
 

account for the impact of weather'on 1200 corn yield observations collected
 

from field plots in 7 Iowa countries over a 14 year period.
 

Assuming the Dale and Shaw model would prcve satisfactory, literature
 

was reviewed with the following objectives:
 

1. To determine characteristics of an excess moisture index
 

2. To seek ways to improve the stress clay index
 

3. To find relationships necessary for estimating parameters for
 

the root zone portion of the model from profile descriptions.
 

The next two sections describe the type of literature reviewed to
 

determine the- factors leading to yield reductions under conditions of
 

excessive or inadequate soil moisture. These sectiors are folliowed by a
 

third section describing the soil-plaf--atmosphere continuum which served
 

as the basis for the model. A fourth section itemizes some model data
 

requirements and the fifth section covers the use of model-derived indexes
 

in a regression analysis of corn yields on soil crop management and
 

weather factors.
 

Corn Yield Reductions: Excess Soil Moisture
 

Basically, all evidence indicating the effect of excess moisture on
 

crop yields has been derived from experiments or studies in one of the
 

foliowing categories:
 

1. Experiments incorporating high moisture treatments
 

2. Surface and subsurface drainage studies
 

3. Chemical transformations in submerged or poorly ;ierated soils 

-7 
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4. Physiological studies involving root environments with 

low oxygen levels
 

5. Disease-soi.' aeration studies.
 

As a general statement it can be said that 
corn yields are reduced
 

by excessive moisture, and the critical period for yield reduction occurs
 

in the early part of the season when the root system is small and mostly
 

near the surface. However, the actual 
causes of yield decreases are not
 

well understood. 
 No doubt low soil oxygen levels reduce root respiration
 

and, therefore inhibits root growth and functions. Depletion of oxygen
 

leads to reducing conditions and alters the chemical characteristics of
 

the soil markedly. 
Toxic products, either of microbial 
or plant origin,
 

are important-at Limes as are alterat ions in the availability of mineral
 

nutrients. Decreases in root system 
 extent, and &anges in root morphology
 

and 
 function may be of major significancL.. Also, it is likely that many 

factors operate simultaneously and in interconnected ways, making simple 

causal statements faulty and misleading. 
For purpnses of model development,
 

specific causes 
 need not be ascribed for the yield reductions. Thu important 

task is to define the conditions under which yields, are reduced in order to 

detect them in a model simulating the air-water enwironment of a rooL svst-m. 

Corn Yield Reductions: Inadequate Soil Moisture 

Corn yield reductions resulting from inadeq,ante soil moisture are 

well.;-documented. 
 Studies describing relationships etween inadequate soil 

moisture and yield reduction can be placed in the fodlowing categories: 

1. Corn crop analysis models using crop prodlction dt,i from a large 

area and various raw rainfall and temperature variales, or simple we.itlr 

indexes, to indicate production linkages to weather factors. 

A 
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2. Corn yield analysis models using average yield data from
 

large areas and either raw weather variables or moisture budgeting
 

models to compute satisfactory indexes which reflect weather-induced
 

stress conditions and hence, yield reductions.
 

3. Stress index analysis for small plot yields using moisture
 

balances or periodic measurements of plant available soil moisture.
 

4. Water treatment differences in field plot or green-house
 

studies to induce yield losses under controlled conditions.
 

5. Investigations of changes in physiological processes and
 

organ morphology in plants stressed under controlled conditions.
 

The investigations on the effect of inadequate moisture on corn
 

yields generally have shown that the most severe yield depressions occur 

when moisture stresses arise in the periods immediately before and follow

ing silking. However, significant yield reductions do occured when
 

stresses are suffered during other periods. Stress duration is also
 

important in determining final yields.
 

As with the excess moisture case, many factors will operate
 

simultaneously and in inter-connected ways to reduce yields. Again, for
 

purposes of model development, specitic causes need not be ascribed to
 

the yield reductions. The important task is to define conditions under
 

which the yields are reduced and detect them in the model simulating thu 

soil-plant-atmosphere continuum. As a basis for further discussion about 

model selection and modifications, the salient characteristics of the 

soil-plant-atmosphere continuum are outlined below. 
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The Soil-Plant-Atmosphere Continuum
 

A discussion of the soil-plant-atmosphere continuum (SPAC) is
 

readily divided into its three components. Re'ference to an electrical
 

analogue diagram (Figure 1) will help locate each 
 component and to
 

determine its function in the complete system.
 

The analogy between water flow through a soil-plant-atmosphere 

system and electron flow through an electrical circuit is derived from 

the similarity of the flux-coMrluctance-potential relationship which 

applies to both systems: between two points, the rate of flow increases 

with an increase in potential difference and increases with an increase 

in conductance. 

In the soil, water moves in response to a hydraulic potential, 

which is the sum of a water potential, 7 , and a gravitional poti!ntial, 

'. Soil hydraulic" Conductivity varies by soil physical characteristics 

such as texture and structure ind also by the water content itself. 

Hydraulic conductivity is generally greater in light textured soils than 

in heavier textured soils, although this may be reversed at high soil 

water potentials. lydraulic conductivity decreases with increasean in 

soil water potential.
 

Three factors pertaining to the regulation of moisture availability 

must be considered. Firstly, at any one instant the soil .; t ore;, as some 

fraction of total water capacity, a given supply of water. Secondly, the 

soil physical properties and the soil moisture level jointly determine the 

rate at which an increment of the given supply ,f water can be transmitted 

to the root system or soil surface. Thirdly, soil physical pruperties in 

conjunction with soil moisture levels, determine how rapidly and how completely 
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the root zone will be recharged from water located deeper in the soil
 

including from a free water table if one occurs, and from rainfall and
 

irrigation water. The recharging phase of the moisture regime beneath
 

a crop is complex and dynamic because (a) the major water source, rainfall
 

is irregular, both in frequency and amount, (b) hydraulic conductivity
 

changes as water content chauges, and (c) salient physical features of
 

the soil profile are not uniformly distributed. 

Special note should be taken of moisture changes in the vicinity
 

of the plant root. Relative changes in (a) the reduction of hydraulic
 

conductivity and (b) the increase in water potential gradient, determine
 

how much water wilL flow to the root in response to an atmospheric demand.
 

If hydraulic conductivity decreases more rapidly than potential gradient
 

increases, flow will be diminished.
 

Once water has entered the roots, it moves through large vascuLar 

bundles to mesophyll tissue of the leaf, encountering very little resistance. 

Even in the mesophyll, cell resistance is generally minor. However, as
 

water leaves the surface of the mesophyll tissue, it changes phase and
 

moves through the substomatal cavity and stomata proper or through the 

cuticle under relatively high resistance. Moreover, the resistance to 

movement through stomata is subject to increases and decreases as leaf 

water potential changes. 

The atmospheric conditions within and above a crop canopy influence 

transpiration in several ways. Water moves through the leaf boundary layer 

by molecular diffusion in response to a vapor pressure gradient. However, 

the thickness of the boundary layer depends on the wind conditions above 

the crop, the roughness characteristics of the crop surface and the nature 
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of the leaf surface. An increase in wind speed shortens the molecular
 

diffusion path by reducing the boundary layer thickness. Because the
 

influence of air movement on boundary layer-resistance is very pronounced,
 

the relative contribution of stomatal resistance to total diffusive
 

resistance will depend on the degree of wind-induced alteration of the
 

boundary layer. 
 In still air, boundary layer resistance dominates total
 

diffusive resistar.ce.
 

An increase in wind velocity at the surface of 
the crop canopy
 

causes a general velocity increase down through the canopy, which not
 

only reduces the loaf boundary layer hut also increases the potential 

gradient through canopy by carrying moisture away from the crop to the 

air above the crop. Moreovei, as velocity increase turbulent diffusivitv 

increases within the canopy. Likewise above the crop surface, water 

vapor flux is also proportional to the vapor gradient and turbulent 

diffusivity, and both these factors increase as wind speed increases. 

Therefore increases wind lead higher andin movement to gradients 

conductivities and hence to greater evaporative demand. 

Model Parameter and Data ,Needs 

Using the SPAC concept, three categories of model parameters and
 

data are needed corresponding to three component parts. However, there
 

are inter-relationships among the parts. These needs are clIicussed 

briefly, as they apply to a corn crop model developed to compute separate 

indexes 
for excess moisture and drought stress conditions.
 

,. 

http:resistar.ce
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Soil. Measures of plant available water capacity, total void-space, and 

unavailable water (water held below 15 bars) can often be estimated from 

soil profile d~scriptions which include textural classes for each horizon. 

Of course, the greater the amount of supportive laboratory and field test 

information that is available as part of soil taxonomic studies, the more 

reliable the estimates will be. It is more difficult to obtain information
 

on the general rates of water infiltration and redistribution within a 

soil profile at different starting moisture levels. However, it is commonly 

accepted that water infiltrates rapidly until the void-space above the 

most restrictive horizon is saturated. Water in excess of the amount 

required to fill this space either runs off or ponds above the soil. The 

most restrictive horizon within the profile is usually easily identifiable 

from the profile description. Where the profile is relatively uniform, 

water is assumed to infiltrate and percolate at a rate determined roughly 

by the saturated hydraulic conductivity of the surface horizon. Alternative

ly, where only run-off is assumed, effective rainfall can be estimated 

based on studies which relate observed amounts of run-off to an antecedent 

precipitation index. 111is index can be based on the daily rainfall amounts 

for a prior defined number of days. 

Recharge of the profile by side-hill seepage or from a water table
 

at a depth sufficiently shallow to provide moisture during some crop growth 

stage are more difficult to deal with.
 

Also, reductions of moisture extraction as soil water diminishes 

must be estimated to determine evapotranspiration under stress conditions, 

i.e., when potential evapotranspiration exceeds the ability of the soil
 

to supply water through the plants.
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Several of the required soil relationships are described in
 

Figures 2 to 6. Figure 2 shows the wilting point moisture percentage as
 

a function of clay content. Figure 3 shows idealized water infiltration
 

vs. time for an unobstructed profile; Figure 4 applies to a profile with
 

an overlying restrictive layer. Figure 5 shows the general relationships
 

used for controlling water redistribution in a profile, where the amount
 

of downward flow is function of water-filled total pore space for i0 soil
 

classes. In Figure 6, relative transpiration ratios as a function of
 

soil water are plotted for different levels of atmospheric demand, before
 

and after August 1. Table 1 shows available water holding capacity estimates
 

which have been used to develop part of the soil parameters based on profile
 

descriptions. In Table 2, the estimated characteristics based on a profile
 

description have been translated into pore space description for the 
10
 

six-inch soil layers used by the model.
 

Plant. The phenological dates of planting (and/or emergence if not assumed
 

to occur a short and regular period after planting), flowering and harvest
 

are important for tying crop growth to daily weather variables. Depth of
 

root penetration and vertical characteristics of water extraction by stage
 

of crop growth are also helpful, especially for crops which have an extensive
 

and deep rooting habit. Note that the root development and moisture extrac

tion characteristics can be modified according co restrictive profile factors.
 

Factors relating stage of crop development and evaporative demand to
 

potential evapotranspiration are also needed. These factors are 
available
 

for most crops and are believed to be extrapolaeable over a moderate range
 

of demand conditions. Evaporation directly from a bare soil before tne
 

crop canopy covers the ground should be estimated.
 

V, 



12
 

Depths and fractions of water extraction as growing season progresses 

are given in Table 3. The ratio of evapotranspiration of corn to pan 

evaporation is presented in Figure 7. 

CriLeria must be established for excess moisture and drought stress 

conditions. For an excess moisture index, the criteria can be some air

filled void, which if not present constitutes an excess moisture day. There 

could be two or more sets of criteria to reflect the intensities of excess
 

moisture. Furthermore, it may be useful to weigh the days according to
 

stage of crop growth. Excess moisture during early growth stages is more
 

critical than during later stages.
 

Drought stress can be determined by a Lurgor loss or leaf water
 

potential function, with a minimum value set to classify a day as stress 

or non-stress. The turgor loss or leaf water potential values chosen as 

criteria are those which correspond approximately to the leaf water 

condition at which stomata close and gaseous exchange is greatly curtailed.
 

If water available in the root zone is sufficient to maintain leaf water 

status at or above the criteria under the atmospheric evaporative demand 

condition, a non-stress day is recorded by the model. An alternative is
 

to sum the relative transpiration rates over the period of interest. As
 

with the excess moisture case, different criteria levels can be set to
 

weigh the indexes for stress intensity.
 

A weighing system for stress days, based on the relative detrimental
 

effects of stress at various stages of crop development can be helpful for
 

improving model-derived indexes.
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Atmosphere. Rainfall and evaporation or potential evaportranspiration
 

(PET) are the main atmospheric parameters needed. PET may be estimated
 

directly or found from evaporation by using crop growth stage factors.
 

Pan evaporation is Lhe most convenient and reliable measure on which to 

base PET, since it integrates many atmospheric factors which influence 

the rate of evaporation. Moreover, it is a conservative measure and can
 

be extrapolated from a single point over a much wider area than rainfall
 

can be extrapolated. Figure 8 shows an iso-evaporation map for one day
 

in Iowa.
 

Where pan evaporation measurements are not available, PET can be
 

estimated from temperatures, vapor pressure deficits, wind speeds and 

other meteorological measurements. However, there are great differences 

in the accuracy of these estimates, depending mainly on the appropriate

ness of the meteorolog',ical data the analyst has available for making 

estimates.
 

Solar radiation and direct sunlight duration are other weather 

factors which may be used to estimate PET, but more often these values 

are used to weigh the non-stress day values to indicate relaLive levels 

of photoshynthesis which should occur over different index periods. 

Model Validation
 

SPAC crop models should be generalizable with respect to crop and 

environmental parameters. In other words, the model should function 

satisfactorily-I/ if riinfall and evaporative demand regimes are altered 

and soil parameters are changed. Some of these aspects were examined 

i/"Satisfactorily" needs to be defined in terms of the objectives 
of the modeling activity, i.e., the intended use of the model. 

\i 
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under a range of Iowa farm conditions using corn yield data from 9M
2
 

field plots. The basic SPAC model could be made more general if applied
 

to other crops.
 

Models can be valiJated on the basis of the corresponde-ce of their 

component parts to measure results and/or over-all model performance to 

crop yield performance. As an example of the first case, a firm relation

ship betweeu observed and predicted moisture profiles over the growing 

season indicates that the model is working satisfactorily. As an example 

of the later case, a strong correlation between crop yield and the stress 

indexes computed by the model for many sites and/or years, lends to the 

veracity of the model. The wiser the range of conditions over which the 

model works satisfactor ilv and the better the degree of correspondence 

between estimated and measured values, the more useful the model becomes. 

A high degress of success indicates that scientists are obtaining valid 

measures of the critical factors and understand their inter-related 

functions properly. Where models do not perform satisfactority, it can 

be assumed that invalid measurements of paramt:ters have been made or t .;'t 

ur
the relationships between components have not been properly establisied 

both, and in either case further investigations are needed to better unl.Ur

stand the system.
 

Use of the Model-Derived Indexes in Regression
 

Analysis
 

The model described in the abbreviated flow chart (Figure 9) was 

used to compute excess moisture and drought stress indexes. The-portions
 

of the model marked by asterisks indicate sections in which either modi
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modifications or adaptations were made to better suit the data available 

or the purposes to which the results were to be applied. 

In the early stages of checking the model parameters and the
 

implied relationships within the model, smaller sets of data were used
 

from a few of the study counties. Adjustments were made on some of the
 

variables and on the relationships used. As an example, comparisons
 

of methods of water redistribution are presented for 3 soils in Table 4.
 

After several exploratory criteria for drought stress and excess
 

moisture index calculations were examined using smaller sets of data,,
 

five indexes for drought and three for excess moisturu were retained and
 

examined through simple correlation with the entire set of data. Except
 

for X3, the drought s;tress indexes were based on a summation of relativk.
 

transpiration over the period starting 21 days before and ending 42 days
 

after 75% silk emergence.
 

DEFCT is a simple relative transpiration summation, DEFCTW is
 

weighted for growth stage, DEFCTV is weighted for growth stage and energy,
 

and X1 is weighted for grow stage-, energy and the ratio of evdpotranspi

ration to pan evaporation for the stage of crop development. X3 is a
 

version of an index based on relatiye leaf turgidity weighted for energy
 

and growth stage.
 

The EMO2, EXM03 and EXM04 excess moisture indexes are based on 

criteria of 10.0%, 12.5% and 15.0% airspace in the root zone of the crop, 

respectively. If the model estimates that a soil layer in which the roots 

are growing has less airspace than these amounts in terms of volume 

percentage, an excess moisture condition is recorded. The excess moisture
 

days are weighted according to growth stage, with early excess moisture
 

being more detrimental than late.
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Based on simple corrlelat ions between yield and drought stress 

indexes, and on partial correlations where the influence of EXMO2 and 

EXMO3 were partialled out, DEFCTV was selected as the appropriate
 

variable to use in the general analysis of county data. Similarly,
 

EXMO2 was se lec ted as the excess moisture index to use in the subsequent 

regression analyses. Table 5 gives the simple correlations between yield
 

and the indexes.
 

After final adjustments were made, data from the -;even codunties 

were used as a basis for the first major regression analysis using three 

classes of variables: soil crop management, and weather (model-derived
 

indexes). An exploratory regression model contained 73 variables
 

including selected interiction and quadratic terms of some l inc.r variables. 

R2The for this model was h5.J%. As expected, many coefficie.nts in the 

model were not significant and therefore the variables associated with 

many non-significant coefficients were discarded to form a 54-variable 

model. Subsets of variables from the 54-variable model were used to form 

four other models. Three additional variables, years, planting date, and 

percent barren stalks were introduced to specify four addit.ional models. 

The models are outlined in Table 6 which also contains model degrees 

2

of freedom, R 'and F-ratios For each model. 

Ml represents the contribution of weather to yield, whereas M2 

represents the soil and crop management factors. The weather indexes 

plus all interaction terms thought to be important were added to M2 to 

obtain M5. In M3, the drought stress ilidexes and some interactions were
 

examined in conjunction with the soil and crop management variables,
 

whereas in M4, the excess moisture index and soil and crop management
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factors were examined. A model containing only two variables, planting
 

date and percent barren stalks, was specified for M6. This model was
 

combined with MI to form M7. A linear time variable (years) was added
 

to M5 to form M8, and M6 was added to M8 to form M9. F-ratios indicate 

that all models were statistically significant, i.e., at least one
 

coefficient was different from zero. All coefficients in models Ml, M6
 

and M7 were significant at the 5% level except for the interaction between
 

EXMO2 and DEFCTV in Ml, which however, was significant at the 10% level.
 

Many variables especially interactions, in M2 were not significant and
 

would normally have been omitted, except tl.e analysis was aimed more at
 

evaluation of the weather indexes, so no further consideration was given
 

to reducing the soil :ind crop management components. 

F-ratios from the analyses of variance of the extra sum of squares 

obtained by combining four sets of models are presented in Table 7. For 

example, R(M7/Ml) designates the extra sum of squares attributable to 

the variables in M7 which are not also in MI. Except for the time trend
 

(Set III), all groups of added variables increased the regression sum of
 

squares significantly. In terms of hypotheses, the F-ratios indicate 

with a high probability that at least one coefficient in each added group 

was not equal to zero. 

When added to the other variables, each group in Set [I has
 

contributed significantly to explaining variation about the mean, although
 

the addition of EXMO2 and its interaction terms was less important in total.
 

The combined sum of squares from R(M5/M3) and R(M5/M4) exceeded R(M5/M2)
 

only slightly, which can be partly attributed to the stress-excess moisture
 

interaction in M5. This result indicates that there is very little overlap
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used to incorpora te fertilizers; these few were, perhaps, not sufficient 

to give a good test of either the main effects or the interactions with 

stress. The s'tress interactions with total preplant N and total weeds 

were nonsignificant also. The interactions of DV with side-dressed N 

fertilizer, preplant K (less disked-in K), and soil test P were all 

positive, indicating decreased responses rates to nutrients under conditions 

where D was less than its mean. The interactions between crop sequence
v 

code for N and DV was negative; since the code value increased as the 

availability of N from the previous legume crop decreased, this negative 

interaction indicated that response to legume N decreased when Dv was 

less than its mean. ".or the: interaction of DV and preplant P (less 

disked-in T., the negative coefficient indicated that increased response 

rates occurred when 1) was less than its mean. Similar conclusions can 
V 

be drawn for soil test N and soil test K. The coefficient for the stand 

level and D interaction was positive, indicating incicased responsev 

rates for DV values greater than its mean. 

Five interactions between E.XO2 and soil and management variables 

were included in M5. Of these,' only two were significant at the 10 percent 

level. The positive coefficient for the interaction between row-placed 

P fertilizer and EXMO2 indicated ai increase in response rate to P when 

EXM02 exceeded a mean value of 0.24, i.e., as excess moisture conditibns 

increased. Row-applied P was the only row-applied fertilizer carried as 

a linear variable and in an interaction with EXMO2 because of the high 

degree of correlation between all row-applied nutrients. Therefore, the 

effect of row-applied P in offsetting excess moisture conditions may also 

be partially attributed to row-applied N and K. A positive interaction
 

between soil test N and EKM02 indicated an increase in the rate of response
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to soil test N values when EXMO2 uxceeded 0.24. The t-values for the 

c.oefficients of the interactions between i.XMO2 and the transformed tile 

distance variable, preplant N, and total weeds were not significant
 

at the 10 percent significant level although the t-value for the weed
 

interaction coefficient approached it. The total weed by excess moisture
 

index interaction is not readily interpreted because of the difficulty in
 

distinguishing between the cause and effect of weed growth under excess
 

moisture conditions.
 

As a final comment, the model worked reasonably well in generating
 

drought stress and excess moisture indexes. Having more pre-:ise profile
 

and evaporation information for each site undoubtedly would have improved
 

the model. But collection of detailed information requires resources,
 

and most signiricantly foresight, both of which are often lacking. 

In the analysis two specific additional items woull have been 

helpful. The first is solar radiation. Pan evaporation was used as a 

proxy for solar energy as an energy weight in the model. This probably 

caused the lower drought stress regression coefficients in the western 

counties in comparison to the eastern counties whereas the &entral 'ounty 

coefficients were intermediate. (Separate analyses were run fUr ac.h of
 

the seven counties). The western counties receive much more adverted
 

energy which does not increase potential photosynthesis. Appropriate
 

sets of relationships possibly could be worked out from hiistorc 'ita 

for solar radiation and evapotranspiration for western, ccntral and
 

eastern areas of the state. Better still, measurements of solar radiation
 

could have been made directly at a few select locations.
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Secondly, corn hybrids va rv in their genetic potent ial and more 

significantly; in their ability to tolerate drought stress. In the 

analysis, no simple way had been developed to rank the multitude of 

hybrids used by farmer cooperators in the study. Also, information 

about hybrid parentage is difficult to obtain from the many private 

firms engaged in corn breeding. 

It appears a system of rankings of the common hybrids based 

experiment station yield tests may be of some aid, but many of the 

lesser known hybrids used by many cooperators would lead to some loss 

of data for analysis, especially for the early years. The use of 

percent barrens takes into consideration some of the genetic potential 

and tolerance to drought conditions, but also overlaps with stress 

indexes. 

RAM:ajas
 
9 May 1977
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Table 1. Available water holding capacity estimates
initial PAWC values for determining
(from SCS Laboratory, Lincoln, Nebraska)
 

Surface soil Subsoil Lower horizons
 
Soil textural classes 0-12" 12-36" 36-60"
 

--- Inches moisture per inch of soil ---


Coarse sand and gravel .04 to .06 .03 to .05 .02 to .04 
Sands .07 to .09 .06 to .08 .05 to .07 
Loamy sands .10 to .12 .09 tO .11 .08 to .10 
Sandy loams .13 to .15 .12 to .14 .11 to .13 
Fine sandy foams .16 to .18 .15 to .17 .14 to .16 
Loams and very fine sandy 

loam .20 to .22 .17 to .19 .17 to .19 
Silt loams .22 to .23 .20 to .22 .20 to .22 
Silty clay loams .21 to .23 .!8 to .20 .18 to .20 
Sandy clay loapis .18 to .20 .16 to .18 .15 to .17 
Clay foams .17 to .19 .15 to .19 .14 to .16 
Silty clays and clays .12 to .14 .11 to .13 .11 to .13 

aThe ranges of available water capacity shown are 
the estimated
 
water-retention differences between 1/3-bar and 15-bar tensions for the
 
medium and fine textured soils, and between 1/10-bar and 15-bar for the
 
moderately coarse and coarse textured soils.
 



Table 2. An example of a soil profile transformation to a layer pore space description. Linn
 

County, Site No. 33 

Soil profile data: 

Horizon thickess, in. 
Clay percentage 
Horizon bulk density, g/co 
Horizon PAWC, in./in 
Horizon wilt percentage 

6 
24 
1.18 
0.23 
7.7 

7 
26 
1.19 
0.23 
8.b 

6 
29 
1.20 
0.20 

10.0 

5 
30 
1.22 
0.20 

10.5 

11 
32 
1.37 
0.19 

11.7 

5 
20 
1.65 
0.17 
6.2 

15 
20 
1.68 
0.17 
6.2 

5 
33 
1.72 
0.19 

12.2 

Layer pore space description: 

Layer number 
Bulk density, in./6-in. 
PAWC, irt./6-in. 
WILT, in./6-in. 
Total pore space-WILT, in./6-in 
AIRSP, in./6-in. 

1 
1.18 
1.38 
0.46 
2.87 
1.49 

2 
1.19 
1.38 
0.52 
2.79 
1.41 

3 
1.20 
1.23 
0.59 
2.70 
1.47 

4 
1.22 
1.20 
0.62 
2.62 
1.42 

5 
1.37 
1.14 
0.70 
2.20 
1.06 

6 
1.42 
1.12 
0.65 
2.15 
1.03 

7 
1.66 
1.02 
0.37 
1.87 
0.85 

8 
1.68 
1.02 
0.37 
1.82 
0.80 

9 
1.68 
1.02 
0.37 
1,82 
0.80 

10 
1.71 
1.12 
0.67 
1.45 
0.33 



Table 3. Moisture extraction from soil profile during the growing season.
 
Values for each date are given as the percentage of stressed
 
evapotranspiration (STET) that is removed from each of the depths
 
listed (Shaw, 1963).
 

Percent of STET which
 
Dates comes from respective Depths from which
 

depths water was extracted
 

to June 7 100 1st 6 inches
 
June 8 to 14 100 Ist foot (equally from each
 

6 inches)
 
June 15 to 27 67.7, 33.3 1st, 2nd foot
 
June 28 to July 4 60, 20, 20 ist, 2nd and top half of 3rd
 

foot
 
July 5 to 11 60, 20, 20 1st, 2nd and 3rd foot
 
July 12 to 18 60, 15, 15, 10 Ist, 2nd, 3rd and top half of
 

4th foot
 
July 19 to 25 60, 15, 15, 10 Ist, 2nd, 3rd and 4th foot
 

10a
July 26 to Aug. 1 60, 10, 10, 10, 1st, 2nd, 3rd, 4th and upper
 

foot
half 5th
b
After Aug. 1 60, 15, 15, 10 a 1st, 2nd, 3rd and 4th foot
 
60, 10, 10, 10, 10 Ist, 2nd, 3rd, 4th and 5th
 

foot
 
60, 15, 15, 10 1st, 2nd, 3rd and 4th foot
 

aUsed only if first 4 feet all have 50 percent available moisture.
 

bUsed if any of first 4 feet have 50 percent available moisture;
 

however, after Aug. 1, the percent available is always computed on the total
 
available water in the 5-foot profile.
 



Table 4. 
Comparisons of methods of redistribution. Periods 1, 2, 3 and 4 refer to 12, 36

60 and 84 
hr after infiltration.
 

Soil, method, band 
redistribution class 

Depth, 
inches 

Percent 
for each 
1 2 

moisture 
period 
3 4 

Soil, method and 
redistribution class 

Depth, 
inches 

Percent moisture 
for each period 
1 2 3 4 

Floyd 
Method A 

Floyd 
Method B 

0-6 
6-12 

12-18 
24-30 

0-6 
6-12 

12-18 
18-24 

24-30 

45 
45 

44 
39 

40 
40 

36 
30 

28 

44 
44 

42 
37 

38 
38 

35 
29 

28 

43 
43 

42 
37 

38 
38 

33 
28 

28 

43 
43 

41 
36 

38 
38 

32 
28 

28 

Webster 
Methiod A 

Webster 
Method B 

0-6 
6-12 

12-18 
18-24 

0-6 
6-12 

12-18 
18-24 

51 
50 

49 
50 

49 
46 

42 
40 

50 
49 

49 
49 

46 
44 

40 
38 

50 
49 

48 
49 

44 
41 

38 
36 

49 
49 

48 
49 

42 
39 

36 
36 

Floyd - Class 8 
Observed average 
of 4 plots 
(Nielsen, 1958) 

3-9 
9-15-

15-21 
21-27 

27-33 

41 
38 

'34 
30 

30 

39 
38 
33 
29 

29 

39 
37 
33 
28 

29 

39 
37 
33 
28 

29 

Webster - Class 10 
Observed average 
of 4 plots 
(Nielsen, 1958) 

3-9 
9-15 

15-21 
21-27 

47 
40 
39 
40 

46 
39 
39 
39 

45 
39 
38 
38 

45 
38 
38 
38 

Marshall 
Method A 

0-6 
6-12 

12-18 
18-24 
24-30 

32 
34 
34 
36 
35 

31 
33 
34 
34 
34 

3"1 
32 
34 
34 
34 

31 
32 
34 
34 
34 

Marshall 
Method B 

0-6 
6-12 

18-24 
24-30 

33 
34 

34 
34 

31 
32 

34 
34 

31 
31 

34 
34 

31 
30 

34 
34 

Marshall Class 4 
Observed average 
of 5 plots 
(Burrows, 1957) 

3-9 
9-15 

15-21 
21-27 

32 
33 
35 
36 

31 
32 
34 
34 

31 
31 
34 
33 

31 
31 
34 
33 

27-33 36 34 33 33 



Table 5. Simple correlations between weather indexes and yield
 

Index 
 Coef.
 

DEFCTV 
 0.433
 

DEFCTX 
 0.405
 

DEFCTW 
 0.347
 

DEFCT 
 0.336
 

Xl 
 0.434
 

X3 
 0.419
 

EXMO2 -0.141
 

EXM03 
 -0.120
 

EXMO4 -0.120
 



Table 6. AOV of models Ml to M9 

Model Variables 

Ml Weather Indexes 

and Interactions 

M2 Soil and Crop Management 

M3 Drought Stress Index + Soil 

and Crop Management 

M4 Excess Moisture Index + 

Soil and Crop Management 

M5 Weather Indexes + Soil 

and Crop Management 

M6 Planting Date + % Barrens 

M7 Models Ml + M6 

M8 Model M5 + Time 

M9 Models M8 + M6 

Total Observations 

df 


5 


32 


46 


39 


54 


2 


7 


55 


57 


1229 


R2 

22.5 

F-ratio 

71.1 

49.1 

63.0 

36.1 

43.8 

50.7 31.3 

64.7 39.8 

23.5 

37.2 

64.7 

73.7 

-

187.9 

103.5 

39.1 

57.6 



Tahl. 7. Analysis of variance for the extra sum of squares given the 
indicated sub-model was present in the full model
 

Set Source 

R(M7/Ml) 
R(M7/M6) 
Res(M7) 

II R(M5/M2) 
R(M5/M3) 
R(M5/M4) 
Res(M5) 

III R(M8/M5) 

Res(M8) 

IV R(M9/M8) 
R(M9/M6) 
Res(M9) 

df 


2 

5 


1221
 

22 

8 

15 

L174
 

1 


1173
 

2 
55 


1171
 

F-ratio
 

156.5
 
54.6
 

23.5
 
6.8
 

31.0
 

0.4
 

200.4
 
40.7
 



APPENDIX D
 

USE OF SILRTIrrON IN EVALUATING THE ECONOMICS
 
OF DIRECT SEEDING TN RAINFED LOWI.A.ND
 

AREAS OF ILO'ILO, PilILIPPINES
 

CORAZON T. ARAGON 

1. INTRODUCTION 

1.1 Background of the Problem 

About 75 per cent of the total rice area in the Philippines depends 

entirely on rainfall and most of the measures to increase rice production 

in the past were confined to the more stable high yielding irrigated rice
 

areas. Approximately 45 per cent is classified as rainfed lowland (Table
 

I). In WesLern Visayas where Iloilo is Iccated, rainfed lowland rice
 

Most of the rainfed
constituteg 71 per cent of the total rice hectarage. 


areas in the. country, however, havw low cropping intensities producing only
 

a single rice crop with the fields left fallow during the remainder of the
 

year. Moreover, paddy yields in these areas are also generally low, averaging
 

only 1.4 t/ha. Recent studies conducted by the International Rice Research
 

Institute (IRRI) revealed that-the widespread practice of the transplanting
 

method and the relt'ctance of government agencies to direct their research
 

and developmcnt efforts toward risky rainfed areas are among the major causes
 
1/
 

of low yields of rainfed rice in the Philippines.
 

Under rainfed conditions, transplanting is considered a risky method of
 

growing rice because of the vagaries of the monsoon rains which completely
 

regulate the schedule of paddy activitieL. The amount of rainfall impounded
 

by the paddy bunds determines when the land can be plowed and puddled and
 

I/V.E. Ross, "Asian Rice Farmers Can Harvest 7000 Crops of Reinfed
 

Rice by Direct Sceding". International Rice Research Institute, Los
 
Ban os, Laguna. 

http:LOWI.A.ND


Tabic 1. 
Crop year 

Are- mrn product'oa 
1973-74. 

of -e1nfel ic.AIlnd rice in thn Ph;ines, by region. 

Tot] rice fain~G -
.. io. hect0 .g, 1oa,$ . .. ow -rd Prod.cto.. 

(ha) rice (ha) rice are (t) 

Philipp [I-c:; 3 ' 13,000 1,533,C90 44.6 2, 194,480 

Ilocos 351,370 209,320 59.6 283,030 

Cagaypn V±lley 392,570 53,250 13.6 192,000 

Central Luzon 503,550 35,840 7.0 361,140 

Southern Luzon 446,.250 51,090 11.6 235,600 

Bicol 340,530 15,460 4.5 159,450 

Western Visayas 419,560 298,320 71.1 446,850 

Central Visayas 79,620 51,850 65.1 76,580 

Eastern Visayas 162,030 103,490 63.8 117,200 

Western Mindanao 137,980 49,040 35.5 92,110 

Northern .Lndf.60 272,790 39,630 14.5 108,680 

Southern Mindanao 327,550 24,900 7.6 114,560 

Source: Bureau of Agricultural Economics. 

aercetaI 

yiild 
(ha) 

1.3 

1.37
 

1.35
 

1.83
 

1.40
 

1.29
 

1.45
 

1.45
 

1.14
 

1.74
 

1.10
 

1.15
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(Bureau of Agricultural Extension)
trials initiated by IRRI and BAF:: 

Ecija. Experience in these experiments
in Bulacan and Nuvatechnical staff 

first rice crop, transplanting technique 
have showni that in establishing the 


which WasLes 2-3 months of growing time can be substituted by direct seeding..
 

several advantages to this method ofrice production. This method
 
There are 


scedbed preparation, care of
elimint." several farm operations such as 4/ 

seedlings, hauling and tiansplanting and the.feby reduces labor cost.

to harvest two crops
Moreover, this technology is designed to enable farmers 

time which also results
 
during the regular growing season. The saving in 


the farmer to grow afarm operations enablesfrom the eliminatioi of some 

onset of the dry months. Moreover, with the use
 
second rice crop before the 


to 100 days, a farmer
which matures 95
of an early-maturing variety, 1R1561, 


in late August or early

is able to harves t the direct seeded rice crop 

for his produce.he can get premium prieCLs
September, during lean mouths when 


technique is so attractive/
of the direct seedingBecause tht :,,tcntial 

the Masagana 99 direct seeding program in 
'he Philippine government launched 


new planting technique.
 
may, 1974 to motivaite rice farmers to adopt this 


Phase Ill of the "Masagana 99" national
 
This program was implemunted during 

of technology available 
rice production pr'-.r.n. and carries the same package 

P1200 per hectare 
under the ]asagana 99- -ice project including financing up to 

6/ 
areas.rainfedfor 

4/University of the Philippines. 1970. Rice Production tnual.
 

Departn.-!nt of AgriculturaL Courniunication, Los 1gaftos, Laguna.
 

I iim. that Solves the Problem
"Sao s-t A Methodo /filia Dohv -tc. 
1(2), Departmnit of Agriculture,of Droughit." !.75. .. ,riciiltural Newsletter 


Diliman, Qu(-zon City.
 

",..;areh as the Economics-of Tehnolofical,.
 ,. "--utL.1n, 
(

Chan c- in)cVlcl - i 
- , 

, Jou" i of Farm Econ'ics; "-V l-xtI~t
 

(!), Nov. 1960, pp. 735-756.
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2/
 
when the seedbed can be prepared and sown. A major drawback of the trans

planting tnethod is the need for enough water to submerge the land before
 

3/
 
planting. Consequently, in many rainfed areas, it is necessary to wait
 

for 2-3 months of rain before enough water is accumulated for planting.
 

14-, 
Farmers impound the early rains to puddal the soil and normally transplant
 

r . 
during the period of rainfall. When the early monsoon rain is scanty or 

A 

when monsoon rains are late, transplanting often is delayed. Because of
 
A 

the delay in transplating, farmers are able to harvest their long season
 

rice crops cnly at the end of the rainy season (November-December) which
 

prevents them from growing a second crop. Moreover, during themonths of
 

September, October and November, rainfall is receding and drought finally
 

occurs during the final 60-days growth period when the rice crop is urgently
 

in need of water. Since the reproductive and ripening stages fall during
 

the period of less intense, receding and quite uncertain rainfall, risks for
 

drought damages are high and consequently, rice yields are reduced.
 

In recent years, policy makers and agricultural scientists have shown 

serious concern over this vast area under rainfed crops. In efforts to
 

maximize yield and farm income per unit area, the direct seeding technology
 

was recently developed for farmers in rainfed areas. Direct seeding is a
 

method of planting rice wherein the seeds are sown directly in the main field
 

(wet or dry paddy) either by broadcasting, drilling or dibbling. This tech

nolohy was fonmulated based on the results of three years of applied research 

2/James R. Iloopper Ill, "Possibilities of Increasing Rice Production
 

in Rainfed Areas of Central Luzon, Philippines," 1974, Unpublished Master's
 

Thesis, Univcrsity of Florida.
 

/A. Gomez and D.A. Carandang, "Performance of Direct Seeded Rice in
 

Farners' Fields", Paper prcsented at the Annual Conference of the Crop 
Sciciice Society of the Philippines at Davao City, May 10-12, 1976. 



1.2 The Problem
 

Technological change in agriculture covers adoption of new farming
 

techniques which have been developed through research and innovation to
 

bring about an increase in agricultural production and greater economic
 

returns to farmers. In the Philippines, the introduction of the direct
 

seeding 	technique is an important technological development in rainfed
 

However, the direct seeding technique has to be both technically
areas. 


and economically feasible if it is to be adopted by the farmers and be
 

socially acceptable.
 

Since its introduction, the direct seeding technology, however, failed
 

to meet expectations for their rapid spread over wide areas. In Bulacan,
 

for instance, despite the success of three years of applied research trials,
 

as well as; the Pilot Extension Program on Direct Seeding of Rainfed Rice
 

in this province, direct seeding is no longer widely practiced. Owing to
 

the unsuitability of the rainfall pattern for the past two years, farmers
 

in this province have found that it is not possible nor profitable to have
 

a two-crop sequence. On thk other hand, because of its favorable climate,
 

direct seeding is widely practiced in Iloilo. This method of planting is
 

considered an old practice in the province but Iloilo farmers in the past
 

used this method with traditional varieties at very low management levels.
 

In 1975, through the IRRI Cropping Systems Program, early maturing HYV's
 

such as IR28 and TR30 were introduced and they rapidly replaced the indigenous
 

early maturing local varieties such as Kapopoy and Speed 70 in the 1976 early
 

wet seeded rice.
 

There are four new basic operations in the new direct seeding technobgy
 

-being introduced at present. These operations are:
 

1. The 	use of early maturing varieties;
 



2. Early land preparation
 

3. The application of pre-emurgence herbicides; and
 

4. Early seeding. 

This early land preparation technology would have a different way
 

off from year to year depending on yearly changes in rainfall pattern.
 

Consider, for example, the very high rainfall early in the season in 1975
 

and in 1976 in Iloilo and the very late rains this year, as well as in 1974.
 

This study is, therefore, conducted to determine the effect of selected 

factors of which weather is the most important on the economic benefits 

derived from the new direct seeding technology. 

1.3 Objectivus of the Study 

The major objective of this study is to conduct simulations to
 

demonstrate and/or predict the effects of agroclimatic factors (e.g.
 

variation in rainfall, landscape position, planting date, etc.) on the
 

economic perform-ance of the wet seeding method in Oton and Tigbauan, Iloilo. 

More specifically, the objectives are: 

1. Given the variability in rainfall pattern, to test out the potential
 

for double cropping of the new direct seeding technology.
 

2. To compare the relative economic merits of the wet seeding and the
 

transplanting mcthods given the variability in annual weather conditions. 

,
3. rainfall pattern to determine the effect of different
 

planting datos of the first ,,wet seeded rice crop on the feasibility of a 

two-crop sequence. 

4. Given a rainf.!il distribution, to demonstrate and/or predict the 

effects of several set of prime factors (landscape position, nitrogen level, 

weeding labor, insecticide and herbicide used) on the yield of 4 seeded 

rice. 



Tle importance of this stvry is thapthe moAels cay serve As a b .s 

for extrapolating to other atnfed lWland ayas wit/.simil r agroilimic 

chazracteis t ics. 

2. RESEARCH ME'f1qODOLOGY 

2.1 Source of Data 

The province of Iloilo occupies the southern half of the Panay island,
 

one of the Visayan islands which comprise the cuntral portion of the
 

Philippines. The climate in the area has, on the average, 5 to 6 consecutive
 

wet months with 200 mm or more rain and 2-4 dry months with less than 100 Um
 

of rain.
 

Iloilo was chosen as the study area because:
 

1) the rice growing environment in this province is very suitable for
 

direct seeding and double cropping, and
 

2) data on rainfed lowland rice production is available due to its
 

being one of the outreach sites of IRRI Cropping Systems Program.
 

The Iloilo outreach sites are located in the municipalities of Oton
 

and Tigbauan which are adjacent coastal towns, 15 and 27 km, respectively,
 

southwest of Iloilo City, the provincial capital. The outreach sites are
 

composed of three villiages of Oton and four villages of Tigbauan (Table 2).
 

In these areas, the climate is characterized by an 8-month rainy season
 

from Uay through December and a 4-month dry season from January through 

April. These villages are essentially rainfed with a small but increasing
 

portion receiving partial and alternate irrigation. Out of 8,079 hectares
 

of cultivated land in Oton about 95% hectares are rainfed while in Tigbauan,
 

• 7/
 
out 5,502 hectaires of cultivated land, 99% hectares are rainfed.. 

-/ N.M. Ro-:as and M.P. Genecila, 'Socio-Economic and Agronomic Characte

ristics of Exi:t;Ling Cropping Systems of a Rainfed Lcuiland Rice Area in iloilo", 

Seminar Paper PrcsLntcd to the Annual %LecLingof the Philippine Agricultural 
Economics Association, Cagayan do Oro City, March 12, 1977. 
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FIGURE 1[. Locations of three research sites of the cropping systems program, 
International Rice Research Institute. 
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The farms of the farmer cooperators lie on a marine terrace 

beginning I km inland from the coast and extending to small foothills 8 km 

inland.- / Most of the area is level with an overall slope of 2% or less, 

and a deep water table that is 2 m below the soil surface during most of 

the rainy season. Minor variations in this landscape are composed of 

slightly dissected waterways, paddies which benefit from the overflow and/ 

or interflow water enrichment, small areas of a lower terrace with shallow 

wacertable, siirhtly elvated summit area which are mostly bunded and long 

narrow side paddies stepping up the hillsides, going into terrace levels, or 

stepping into watcrways and creeks. 

The data that will be used in this study will be obtained mostly from
 

the 1975-76 and 1976-77 weekly economaic sur-veys in Oton and Tigbauan, Iloilo 

conducted by the IRRI Cropping Systems Economics Section a: IRRI. In 

addition, agronomic experiments conducted in these areas will be utilized.
 

Daily rainfall data from 1961 to 1974 will be obtained from the PAGASA 

record book in Iloilo City. Rainfall data from 1975 to 1976 will be derived
 

from daily rainfall readings taken from rain gauges maintained by IRRI in 

the monitored area. Daily avai]ale soil moisture data from water level 

readings will a'. : e obtained from the Iloilo Outreach Cropping Systems 

Office. -. . ... . . 

R. L. II,,y' E. C. Price and 11. C. Zandstra, "Dynamics of 
Land Use in R-in~ki Rice Production, IR!-I. 
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Tablc 2. 	 Location of the rainfed .owland farms of economic cooperators, 
Oton and Tigbauan, Iloilo, 1976-77.
 

Location 	 Rainfed lowland Total area
 
area (has.)
 

Oton:
 

Buray 4.0 	 10.7
 

Sta. Monica 19.2 	 22.7
 

Rizal 26.9 	 28.0
 

Tigbauan:
 

Cordova 5.8 	 12.4
 

Napnapan Norte 0.9 	 7.7
 

Napnapan Sur 1.9 	 6.3
 

Bitas 6.1 	 7.8
 

Total 64.8 	 95.6
 

Percent of total farm area 68
 

Table 3. 	Percentage of crop land in rice-fallow and rice-rice cropping
 

patterns rainfed lowland area of Oton and Tigbauan, Iloilo.
 

Rainfed lowland
Cropping Pattern-	 ara(s.
area (has.) 

Rice - Fallow 	 13.1 

Rice - Rice 	 18,3
 

Total area under rice-fallow 	 31.4
 

and rice-rice, cropping pattern
 

Total rainfed lowland area 	 64.8
 

Percentage of rainfcd lowland area 
under ric.,-fa!Iow and rice-rice 
 48
 

cropping paLtern
 



- 10 

2.2 The Model
 

The simulation model developed in Lhis study is designed for rainfed
 

lowland areas'. Only the rice-fallow and the rice-rice cropping patterns
 

will be considered in this study with the first rice crop established
 

either by direct seeding or transplanting. Depending on the rainfall
 

pattern in a given year and the rice variety used, there are, three possible
 

cropping patterns for the first crop established as wet seeded rice (WSR)
 

and also three patterns for the first crop established by transplanting
 

(TPR). They are as follows:
 

WSR - Fallow
 

WSR - WSR
 

WSR - TPR
 

TPR - Fallow
 

TPR - WSR
 

TPR - TPR
 

In building the moduls of returns from direct seeding, a series of
 

relationships among selected variahles are diagrammed in considerable
 

detail in Figures la, lb and ic. Figures 2a, 2b and 2c, Cin the other
 

hand, illustdLa. schcm-ntically the models that will be employed to evaluate 

the expected benefits from transplanting. Each model consists of two parts: 

it combines (1) a set of biophysical data and relationships with, (2) a 

set of economic data and rulationships. 

2.2.1 BiUphysical Data and Relationships
 

a) Rainfall GCfLt I"tOr
 

The major function of the rainfall generator is to provide to
 

the model the rainfall p:tttern for the simulated year. The generated
 



rainfall data also influences: (1) the cropping pattern through its
 

effect on the, date of planting of the first crop which consequently affects 

the date of harvest of the first crop and the date of planting the second
 

crop, 	 as well as, on the availability of soil r-oisture needed to produce 

a second crop, and (2) the yields of the first and second rice crops.
 

In the simulation model, there are two options that will be used in
 

generating rainfall in this study. One of these options is to generate
 

rainfall based either on the parameters of an incomplete ganma, normal or 

log-normal probability distribution for each week synthesized from actual 

rainfall data (1961-1976). GoodnesLi of fit chi-square tests will be 

conducted to dctermine which among the three probability density functions
 

will 	 give the boSt fit to the acLital data. 

Another option that will be employed in generating rainfall is to 

randomly select (1) an early, regular, (2) early, irregular or a, (3) a
 

late 	rainfall year and to use the historical data of the selected year in 

the simulation run.
 

Following the defiitions, of agronomists and rice farmers in Iloilo, 

early rainfall years are those years in which the first monsoon rains arrive
 

in any of the following weeks: the second week of April (week 15) to the
 

last week of May (wcek 21). On the other hand, late rainfall years are
 

those years in which early precipitation falls during or after the first
 

week of June (week 22 or after week 22). Using a 15-year historical rain

fall data, classification of each year into a late or an early rainfall
 

year is vitally important in determining the effect of yearly variations
 

in the arrival -of the first monsoon rains on the method of establishing 

"and tha dates of planting tlh first rice crop which consequently influence 

the feasibility of a two-crop sequence.
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Rainfall has also a pronounced influence on the timing of the second
 

rice crop. High rainfall is nece.;sary for starting the second rice crop.
 

years in which the first rains arrive early, but rainfall is
There are 


low after the harvestof the first crop so tht production of a second rice
 

crop is not feasible. Moreover, there are also years in which the first
 

rains arrive early, but rainfall is high so that double cropping is possible.
 

rainfall years will be classified further into three groups:
For this reason, 

a) early, regular, b) early irregular, and c) late rainfall years. A late
 

rainfall year# has been dc:fined previously. An early, regular rainfall
 

following weeks:
 year is one in wl:ich the first rains fall in any of the 

and one in which rairfall
the second week of April to the last week of May 

is high (more than 100 rmn of rain per month) either during the months of 

August, September or October, the expected dates of planting the second
 

the advent of the 
crop. An early, irregular rainfall year is one in which 

first rains occur in any of the following weeks: the second week of April 

to the last week of May and one with low rainfall (less than 100 mm per 

month) during the months of August, September or October so that double 

cropping is not technically feasible.
 

rainfall generatorAside from the function of generating rainfall, the 

also determines th. daily available soil moisture (depth of water in the
 

on a water balance model described below:
paddy) based 

At AMt_ I + R - ETt - SP t 

where A2 is the available soil moisture (depth of water in the paddy), 

seepage and percolation.
R is the rainfall, Eris evapotranspiration and SP is 


Negative valucs of AN reflect depletion of the stored water to levels 
below
 

the soil surface.
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Evapotranspiration is a function of the energy available for evapo

ration of the water. On the other hand, seepage and percolation (S&P)
 
for horizontal
 

losses, t4sually referred to togehter, account/and vertical movement of
 

water into the soil, respectively. The sum of evapotranspiration (ET)
 

and S & P is called net use and is considered the minimum water require

ment for rice production at a particular site.
 

In the water balance model, daily values of rainfall (R) and evapo

ration (E) are pIrvided as input data. Daily values of ET are computed
 

according to the equation ET 0 a + b (E), where a and b vary slightly for
 

the two seasons and for different ages of crop growth.9 / Values of a are
 

0.25 and 0.50 ima/day for the wet and dry seasons, respectively; b is 0.8
 

and 0.9 for thC vogetative and reproductive growth stage, respectively.
 

Evaporation shows less variability among weeks within a given site. In
 

severely stressed conditions, however, ET is depressed by a factor related
 

to At. Daily values of S and P are also computed as a linear function of
 

AMt. e-


Operation of the model is possible once the maximum S and P and the
 

initial AM are specified for the study area.
 

Daily ,Idata (from water level readings) by landscape type from 1975-77 

are available in Iloilo and this facilitates estimation of S and P for each 

type of landscape. owever, evuporatio°data in.Ilii9 are lacking. Foy 

this reason, cvapotranspiratio data can be approximated roughly usi g 

historical dati i- R, A d c 'ce 4iyted valuds o S Ind\ P%, 

the wuter\tJabancr qua n, w en have: 

ETt R + A lt_ AMt - SPt 

2/ Thouxi!, Wickham, "PrediCL ing Vield Benefits in Lowland Rice Through 
a Water Bal wice lode]", Warer Managvment in Philippine Irrigation Systems 

Operations and Rcscarch, 1973. pp. 155-181.
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Using the rainfall data of any given year, the estimated values of 

S and P and the average daily evapotranspiration data daily values of AMt
 

can then be calculated for each type of landscape for any given year by the
 

model.
 

Another function of the rainfall generator is to determine the method
 

of planting practiced in a given year and to reschedule the date of land
 

preparation, as well as the planting date of each crop (DSR, WSR or TPR)
 

depending on the rainfall pattern. 

If the early rains are scanty, the normal practice in Iloilo is to 

establish the dry seeded rice (DSR). ju followed by wet seeded rice (WSR) 

and finally by transplanted rice (TPR). However, during years in which
 

the early rains are heavy or intense (e.g., 1975 and, 1976) or during years 

in which rainfall is late (e.g.,. 1974), dry seeding is not practiced. Instead, 

wet seeded rice is established first followed by tr.nsplanted rice. 

Based on an interview with Iloilo farmers, the earliest date of planting 

DSR is week I (t week of Apcil) and th latest date is week 27 (first 

week of June). Fields cannot be .dry seeded in July due to the heavy downpour 

of rain during this month. Wet seeding, however, is established starting
 

from week 19 while transplanted rice is established as early as week 20 

during early rainfall years. Majority of the farmers, however, start from 

week 22 until week 40 because the mid-monsoon rains are stable or intense 

during this period. During years in which the early rains that fall in May 

are intense. Very few farmers establish their first crop by transplanting 

ouring this month (Table 4). Not only is May rainfall usually low, but it 

is more undependable. After the onset of the early rains, subsequent rainfall 

is eLT-Atic. 



Table 4. 	Number of plots established by TPR and WSR by month,
 
1975-76, Oton and Tigbatian, Iloilo.
 

No. of plots established in
 

May June July
 

Transplanting 2 12 7 

Wet Seeding 12 3 3 

Rainfall (xmm) 157 369 158 

Table 5. 	Earliest dates of establishing TPR and WSR, Oton and
 

Tigbauan, 	 Iloilo 

Earliest Date of Planting Rainfall
 

Wet Seeding Transplanting April May 

1975-76 	 Kay 12 May 15 196 157
 

week.19 week 20
 

1976-77 	 week 19- week 20 20 477
 



' .......... ,':-'!:;i: . .. . " ... . . ....
 
Data from economic surveys in Iloilo in 1975-76 and in 1976-77 for 

avai-able, This is.- due- the--f act- that_ dry -seeding,,.,--. 

was not practiced during those years. Initial surges of rains had been heavy 

.during these years (Table 5). In brder to do dry land-preparation without 

,--dry- s dedr -re--no--- .- -- uto 

puddling, the. monthly rainfall should be less than 150 (Mabbayad, 1970). 

In 1975, early precipitation occurred in April with a total monthly rainfall 

of 196 mm. On the other hand, the initial surge of rains in 1976 was in 

May with a total rainfall of 47-7 mm per month. Because the study wi1ll make use of 

the 1975-76,and 1976-77 economic survey data, this study is concerned only with 

the wet seeding and the transplanting methods of planting. 

In view of the prevailing conditions, the decision strategy for 

choosing the Oth.d is shown in 4. The decision rulesuf planting Figure 

discussed below are closely in*line with the situations that occur in the 

}rum ,ok WSRstudy area, F 15' to 2 , the choice between DSR, and TPR depends 

on the intensity of the early rains. Aft,_,r week 27, the choice is only 

betw !en TI'R a!,,d , The elr~i;L,,expected daLe of the initial .,ur;u of 

the monsoon rain i.s week 19. So we start from week [V or T=19 (T~week). 

The decision rules for choosing the method of planting are as follows: 

(1) if the cumulative rainfall one month prior to the expected initial 

surge of rain is less than 150 mm (Cum RT 41'5or if the available soil
 
T-4)
 

moisture (AM) durirg the initial surge of rain is less than 1.5 cm and 

greater than 0 (0: AN .l.5) u:;c DSR; (2) if the soil moisture does not satisfy 

the above water requirement, thdt is, if AM'1.S cm or if Cum R 4 L50, 

use WSR or TIPR. 

As mntioned earlier, this study is concerned only with WS'R and,TPP. 

Morcover, tl, , :-ef p' " eiCh t"of diffr 

.•~i/ i . . .. :. .. ....:• .. 



SLandcca-p Position refl1ectsdifference -in.Arainage- and..flooding-potentia 

Given a rainfall distribution, the dates of planting in the different types 
of landscape (plain, s ideslope, and plateau) differ depending on the date 

decision rule No. 2 is satisfied. Moreover, the dates of planting in each 

type of landscape may also differ from one year to another depending on the 

rainfal pattern. For each''simulated year and for each type of landscape
 

the earliest date of preparing the land for WSR, therefore, depends on the
 

satisfaction of decision rule No. 2. 
To deteimine the date for starting
 

land preparaticn, we 
begin from week If. The decision rule for scheduling
 

the date of land preparation of WSR is as 
follows: (1) if available soil
 

moisture is deficirot during the. expected date of land preparation, the date
 

of land prepar., ion Ll:; delayed by another week ('1 + 1). The date of planting 

WSR depends On the date when the fields have been prepared or puddled. In 

lloilo, farers orma1ly prepare their fields for two weeks. The earliest 

date of planting is, therefore, 15 days after he earliest date of land 

preparation. Dl p;pL1t1Zp1 ng time of .'SR, it is necessary that the field 

should be draiod. , A.M 0 , the farmers can still plant since waterexcess 


can be drained through he drainage canals. (1
 

For TPR, the dcCision rules- f.r determining the dates of land preparation 

of the seedbed and the main field are the samiie as in WSR. To prepare the land 

for the reodbed, it is necessary that the field be puddled also. The date 

of pl:mti,, TPR on the other land depends on several factors. These fac'tb's 

are as follows: (1) the age of seedlings which is affected by the nethod of 

seedbed prepirltricnr (dapog or wetbed)Y'and the variety, and (2) the available 

moisture dir'n- ti-c expected dateo" tr.ai"plaiting. " Assuming TPR and WSR are 

O it :- '•, t . , the wtr,,',I C.* ., . .' Kr '.L , ' " 

t . 
..............
 



is the, fnsa----~~e' the' date' of planting TPR compared with that of 

'--WS isa ii- -.a er- da c-e due0t- 1-e-seedbed-preparatioInre-.quie in-thel1at -ter. 

Moreovern, if he available moisture during the expected date'of transplanting 

is deficient (AM 0), the date of transplantiqn is further delayed. 

In order to be able to transplant,,there should be standing water in 

the paddy. The actual moi.;ture content during expected planting time will 

determine whether the farmer can transplant or not. Given the age of 

seedlings, the variety and the method of seedbed preparation, the decision 

rule for determining. the earliest date of planting TPR is as follows: 

(1) if availahle roiL;ture is deficient (,- = 0) during the expected date
 

of planting, transplanting is delayed by another week (T + 1).
 

In Il0ilo, the e:irliest planting date in order to double crop is week
 

and the latCet p~ldting date ip order to be able to produce a successful
 

second crop is o,.',k .3 (lIst week of October). Afterweek 43, or starting
 

from the first .4cck of Nove::bcr, rainfall is already receding so that a
 

second crop is rno longe1r feasible. For each simulated year, to deter :i:ne
 

whether a second crop is -;ill feasible or not, the decision rule is as 

follows: ( if Amr cm or if Cum R jr.: 1.5 ,T-4 during the expected harvest date . .' 

(- )3 produce i .- cond crop. 

Based on t!;.. d-ecision rule; if production of a second crop is found 

feasible, then the .:wxt procedure is to determine2 the expected date of 

planting the second crop. The date of planting the second crop, howcver, 

depends on thc, ,fo1 '':ing: (1) the date of harvesting Ehe first crop, w.hich 

in turn is dtor,";iw, by the date of planting the first crop and the variety 

used, (2) the moistl re.content during the. expectc:d planting time and 

(3) the meth, ' , -t.blishinp hl,second crop C.R or TPR). 

A.. ... . . ..-A..... 



In rainfed lowland areas, rainfall is considered the most important
 

Since in these areas,
environmental factor affecting yield of rice. 


the major source of soil moisture for the rice plant, the
 
rainfall is 


simulation of rainfall is very important to deterlmine the degree of drought
 

to which the rice crop is subjected. To measure the effect of
 stress days 


an index of water
 
rainfall on rice yield, stress days will be used as 


The number of stress days however, also varies with landscape
adequacy. 


Stress periods are expected to be higher in sideslopes 
than in
 

position. 


fields on the plateau and plain positions because the 
latter have a higher
 

tendency to accumulate water Aq j. Because the number of stress days
 

varies with landscape position, it is expected that the rice yields may
 

also differ among the different landscape types. Following Wickham's
 

stress days are defined as the number of days in
 definition (1971, 1973), 


for which a paddy is without standing water. Thus, the
 
excess of three 


generator finally determines the number of drought stress days
rainfall 

in each stage of crop growth by landscape position based 
on the daily
 

available soil moisture (derived from the water balance 
mode) and planting
 

The numbe, of stress Olays in each stage of crop growth by landdates. 


thun passed on to the production component.
scape position i.; 


b) Production Component 

The production component has the function of determining the yields
 

of the first and :;econd rice crops given the environment under which 'hey
 

Rice yield depends
are grown, th..: rin;z:,ement practices and input levels. 

which weather is the most important. How
on a comple': set of factors of 

these factors in a yield prediction
ever, it i impossible to include all 



model. The yield response models, in this study, are, therefore, not
 

complete production functions. Thelreflect the objective of obtaining
 

impact measures of some selected variables on the yields of the first and
 

second rice crops. Yield prediction is based on appropriate yield response
 

functions. The main approach in the prediction of yield in this study is
 

multiple regression analysis. The major factors considered to affect the
 

yield of the first direct seeded crop in this study arc: (1) rainfall and
 

landscape position through their effect on avalable soil moisture, AM,
 

(Aumber of drought stress days); (2) nitrogen level, N in kg/ha; (3) level
 

of weeding labor, W, in man-days/ha; (4) chemical weed control, W. in P/ha
 

herbicide; (5) insect control, I in P/ha insecticide; and (6) variety, V.
 

To determine the effect of stress on the rice plant resulting from in

sufficient moisture during gro.th, early stress days and late stress days
 

will be both tested in the response function for each type of landscape.
 

Early stress days (SI) are those occurring during vegetative growth while
 

late stress days are those occuring during the reproductive stage (from
 

panicle initiation to flowering). The duration of the vegetative phase
 

varies among varieties while the reproductive phase is about 35 days from
 

the date of matuciLy regardless of variety. Interaction variables such as
 

nitrogen and ear!y stress (N x Sl) are also included in the model. Since
 

most nitrogen uptake occurs during vegetative growth stress during the later 

stagc of growth .;s not included. Other qualitative factors such as variet
 

also cause variation in yield levels and response. The effect of variety
 

has been taken into account by stratification of the sample before computing
 

the regressicns. Variety, V, however, does not only affect the yield of rice
 



but also the date of harvest of the first rice-crop and consequently,
 

the possibility of double cropping. Long maturing varieties are harvested
 

late compared'with early maturing varieties. Moreover, traditional varieties
 

are usually associated with long maturing varieties while IYV's are usually 

linked with early maturing varieties. In this study, howevcr, it is not 

appropriate to merely classify varieties into traditional and new high 

in Iloilo, some farmers are using early maturing
yielding varieties because 


seeding such as Kapopoy, Kitsiam and
traditional varieties for direct 


Speed 70. Kapopoy and Ktsiam mature in about 90 days while Speed 70 is a
 

70-day old variety. For this reason, varieties will be classified into
 

three groups:
 

1. iv~ 
IIV I I F1r r 

3. Long maturing traditional varieties
 

to
This classification is important particularly if we would like 


compare the effect of each method cf planting dn the possibility of double
 

cropping. In order to be able to compare the relative economic merits of
 

each planting method, one has to use the same type of variety of the same
 

date of maturity or growth duration (e.g. HYV WSR HYV TPR or early 

maturing local. vriety WSR i early maturing local variety TPR). 

For the first direct seeded rice, separate functions for each type 

of variety will be estimated. The yield function for direct seeded rice
 
A 

B2 N
2


-is as follows: Y L + B1 N + + B 3 S, + B4 S2 + B 5WO + B6 Wj. + B71 + 

B9 S1 N w 



based on response function, rat ef of
To predict yield the yield 

nitrogen and weeding labor used and costs of insecticide and herbicide
 

are mean values recorded for the study areava- ,2.
 
, S-• 7.),4, 

A 
i,) 

"' Be~ause the direc tseeding technolegy was developed to enable the 

farmers to harvest two rice crops during the regular growing 
season, it 

The 
is also important to estimate the yield model for the second crop. 


second crop, however, can be direct seeded or transplanted. 
For this
 

For the
 
reason, two yield models will be used for the second rice crop. 


procedure and variables will be used as
 second wet seeded crop, the same 


For the trans
those empoyed for the first wet seeded crop (see Fig. lb). 


the wetthe same variables will be used as those in
planted second. crop, 


the addition of one variable, age of seed
seeded second crop except with 

Old seedlings have been found to reduce yield of transplantedlings, (A). 


Powever, the variable A (age of seedlings) has no
rice (Mandac, 1976). 

meaning for the direct seeded model (Cablayan and Wickham, 
1977) and is
 

for wet seeded rice.
therefore excluded in the model 


For the second transplanted crop, separate regression for each 
type of
 

The regression model for transplanted rice
variety '4illalso be estimated. 


is as follows: 

+ 
+ B2 N

2 + + + B5 WC + B6 W. B7 1 + B9 A + BlUSINY = L + BIN B3 SI B4 S2 

For the first transplanted crop (Fig. 2a, 2b and 2c) and its second
 

the
transplanted crop (Fig. 2c), same procedure and variables will be used
 

first seeded 
as those employed for the transplanted second crop of the wet 

rice (WSR-TPR cropping pattern). 



-------------------------

Economic Data and Pelationships
 

a) Labor Comnonent
 

The labor component merely accounts for the use 
of labor in the
 

production process. Labor requirements by operation and by time distribution
 

areas and the planting
are provided @ o to the model. Given the 

dates of each crop, then the weekly labor utilization 
pattern can be 

calculated for the entire simulated year.
 

labor depend on the actual production while
 Harvest and post-harvest 


fertilizing labor depend on the actual amount of fertilizer 
applied and
 

Weeding labordetermined endogenously in the model.therefore, they are 


a policy variable.
is pre-deternnined as 

b) Price Generator
 

Pricesof rice and production inputs are exogenous to the farm and they
 

play important roles in determining the profitability 
of the rice crop.
 

are

individual farm's production, supply and demand levels
Because an 


only a small part of the total market, a farmer cannot 
influenceiproduct
 

and input prices. Under perfect competition, a farmer is merely a price
 

taker.
 

The main function of the price generator is to determine the price of 

a rice crop at any given week of the year. Since the construction of market
 

demand and supply :.,odcls for price determination is a complicated matter, a
 

simple method will be resorted to 44 estimate the price of rice in this 

10/ The 
study. Paris- (1976) suggested three options to estimate the price. 


The base price

first option uises seasonal price indices and base prices. 


10/T. B. Paris and E. C. Price, "A Computer Simulation Model of Upland
 

Rice-Based Multiple Cropping Systems", IRRI Saturday Seminar Paper, April
 

3, 1976
 



is the expected annual average price which is determined by an equation
 

derived by fitting either a linear or exponential trend line on past annual
 

data. Annual base prices which have been projected by using trend equations
 

are then adjusted for seasonal variation. Another option for adjusting
 

prices is called the random method. For random price generation, standard
 

deviations (PSDEV) are computed for prices frow which trend, cyclical and
 

seasonal factors havebeen removed. Then the seasonal, trend price for a
 

given month, X, is adjusted for irreguhr variation by the following steps:
 

1) Generate a random number between 0 aad 1,
 

2) Determine the standard normal deviate, Z, corresponding to
 

the rapdom number from step (1) above,
 

3) Compute expected price as P-X + (PSDEV) (Z).
 

The third option is the non-random method wherein the expected price is
 

simply the seasonal trend price. In this study, the non-random price or
 

the seasonal trend price will be used to compute gross returns from each
 

rice crop and pattern simulated. Since the major interest in this study
 

is only on the effect of variations in rainfall pattern and cultural
 

practices on the economic performance of the direct seeding method, the
 

1976 input and rice oue'prices will be used for all simulation years. The
 

price of rice for each run will only vary dppending on the date the rice
 

crop is harve.- ted.
 

c) Income Ceomonent
 

The purpose of the income component, which is an accounting component,
 

is to keep track of all farm income and expenses. It determines the total
 

production, the gross returns, cost of production and net returns of the
 

first or the second rice crop (wet seeded or transplanted) and of each
 



crcpping pattern with the first crop established either by wet seeding
 

or transplanting.
 

2.3. Computer Language 

For th/first tio/of generatin'g,jeinfall, tht is based W'the•F,.r / .,, t\, is,bae ' .t
 

parametevis -f a probqbi ty density fo4'nctC~i, synthesized from/a 15-y
 

rainfall data,\ie'co.puter odel will rite in crSS Neneral,
 

Purpose Simulation stem). On. e other hhd, the s d opticv'
 

$5generating rainfall, the computer model will be written in FORTRAN
 

languatge,
 

2.4. Modes by which the simulation models will be run 

Several simulation runs can be done using various modes and options
 

of the models. 

Mode 1. Planting dates are varied between runs while input levels
 

and variety of the first WSR crop ari held fixed. Thdrainfall pattern
 

is held fixed between runs. The objective of this run is to determine
 

che economic advantage of an early establishment of the wet seeded rice
 

and the consequent piossibility of an earlier establishment for the second 
- .. * 4V.6 ,.. . . , ., . 

crop vs. a late i:Stablishment of the wef seeded rice . In other words, during 

an early rainfall ycar, what is the effect of an early establishment of the 

first direct seJed rice on the feasibility of a two-crop sequence (double 
A N 21-. ,€ . 

cropping)? Three strategies for choosing planting dates will be examined 

in this mode. The rainfall option that will be used is to select an actual 

year of rainfall from the early, regular rainfall group (refer to rainfall 

option 2 in section 2.1). The number of runs will depend on the number of 

early rainfall years using a 15-year historical data. One strategy is to
 



choose two early planting dates. The first early planting strategy is
 

week 22. Prepare the land two weeks prior to expected date of planting.
 

For wet seeded* rice, the farmers can still plant regardless of whether
 

rain falls heavily at planting time because if the fields become flooded
 

or 
if rain falls during seeding, canals are constructed arol-rd the plots
 

from the
for drainage. It is necessary that water should be drained out 


field prior to broadcasting of pregerminated seeds. The second strategy
 

is to plant at week 26. Although week 26 is still an early planting week
 

the second crop may be subjected to more stress compared to that planted
 

prior to week 26. Land preparation is started two weeks before planting. 

The third strategy is to choose a late planting week (any week after week 

26 but not later than week 37). If double cropping is feasible, the 

simulated patterns will be WSR'followed by 'qSR and WSR followed by TPR
 

using a) an early maturing HIYV for both crops (first and second crops),
 

and b) early maturing HYV for the first WSR crop and local varieties for
 

the second trai,;planted crop. WSR, using early maturing varieties - WSR 2 

using local varieties is not included in the analysis because this pattern
 

is not practiced in Iloilo.
 

Mode 2. Landscape position is varied between runs while input
 

levels, planting dates and rainfall pattern are held fixed. Differences
 

in rice yields of WSR can be attributed to differences in hydrologic
 

the number
conditions. Ono rc.flection of this condition is expressed as 


of stress days that the rice cro'J1 has been exposed during the entire 

growing season. Given a rainfall distribution, the performance of wet 

net returns will vary on the different
.seeded rice in terms of yield and 


/ 



a. Yield response to fertilizer, high vs. zero weeding and insect
 

control. The rainfall pattern that will be used is 1976. Fertilizer
 

is incremented in steps of 20 kilograms per hectare. While varyig the
 

amount of fertilizer, weeding labor, chemical weed control and insect
 

control are held fixed at two levels: zero and high levels.
 

b. Yield response to weeding labor, high vs. low fertilizer,
 

chemical weed control and insect control. Weeding is a major problem
 

of direct seeded rice. This is especially true in Iloilo where chemical
 

weed control is not yet widely practiced. Farmers, therefore, usually
 

rely on hand weLding for controlling weeds. To determine the simulated
 

yield response to weeding labor, the amount L.f weeding labor is varied
 

vhile fertilizer, chemical weed control and insect control levels are
 

held fixed at two levels: low and high levels. The 1976 rainfall
 

pattern will be used throughout.
 

Mode _5 Rainfall is varied in each simulation run while holding
 

input levels, variety and planting dates constant. Economic performance
 

of HYV WSR in each landscape pos-ition, however, could be different under
 

weather patterns occurring in different years. Comparison of the
 

economic performance of WSR in each landscape position under different
 

weather conditions will be made by selecting actual years of rainfall
 

from the early, regular, early, irregalar and late rainfall groups.
 

To facilitate comparison of the economic performance of WSR and
 

TPR under varying rainfall patterns, the same procedure will also be
 

conducted for TPR. Comparison will also be made using wet bed seed].ings
 

vs. dapog seedlings.
 
V 


