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Abstract
This is an initial progress report on the feasibility of using simulation
models for large area crop yield estimation. The TAMW (Texas A&M Wheat) model
was selected and modifiied for similation of spring wheat growth. The model was
applied to nins North Dakota crop r‘epor'ting districts (CRD's) and to nine coun- )
ties, one selected from each of the nine CRD's, for the years 1955-1976.
Results indicate that while the accuracy of the individual components leaﬁ_ing to

the final yield estimate are unknown, the final yield estimates themselves clo-

>sely. follow ammuadl changes in observed yilelds. An anticipated bias in observed

yields due to technological :Unpr’ovemehfts (trend) was also noted. Some pr'oblenis

with the model have been detected, and improvements are being considered.

Introduction

The use of plant process si:xmlatioﬁ models to provide an estimate of yield
(production per unit area) of a lar'ge area has been proposed for several years.
The availability of such models and the data to test them howaver-, were two
requirements that were not met until recently. This paper presents a progress
report of the current status, problems encountered and problems expected in
future work that deals with the application of these process models for esti-

mating large arsa production in areas other than locations where the model was

_ developed.
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Stmiation Models
Crop yields are affected by many plant processes (Hodges, 1982). . Models

‘similating these critical processes have been developed to estimate ylelds. 'The

true values for these processes and their actual effects on observed yield are

~ generally unknown and extremely difficult to determine, even experimentally.

Because of this, many of the lmportant errors involved in est.imating th;a value
from each process in the similation ares unknown. Only the error bstween the
observed yield and its final estimated value can be measured. The accumilation

of errors within the similations leading to the final, measurable error cannot

be determined.

Evaluation of Simulation Models

. Model selection criteria have been developed (Hodges, 1982) which may also
be used for evaluation of simulation models. These criterla include: '
1) theoretical accuracy — how well the model agrees with plant phy-

siological theory.

2) completeness — inclusion in the model of all eritical processes.

3) sﬁmgl_j:c_j_px - ease of use and understandability of the model.

jan |

) sophisticau:ic'n'x~ — the degree of detail with which processes and

interactions of processes are simlated.
5) structure - how a model has been implemented in computer code.

6) timeliness - the capability of the model to produce yield forecasts

as needed.

7) reliability - the clcseness of a model's predicted yields to the
true observed ylelds in an :L_ndependent test.

8) objectivity - {:ﬁe freedom of é. model. from subjective inputs by the

user. ¢
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To a great extent, phese c;‘iter*ia have not been formalized, and much work is
needed in this area to dgtemnﬁne' useful evaluation technlques.
TAMW Model

Each similation model emphasizes a d‘ifferen'c set of critical processes. The
model s=lected In this study for Initial testing is referred to as TAMW (Texas
ASM Whest) (Maas and Arkin, 1980). This model was selected because of its
completas dogumentation a.nd because of the interest in a wheat model for use in
| the AgRISTARS (A.gricultﬁre and Resources Inventory Surveys thr'ough Aerospace
Remote Sensing) program. . ‘ ‘

TAVY sirmlates the da.i_ly growth and development’of wheat plants based on

temperature, photoperiod, soil moisture, and p*ant density. Information
generated by the model during the growing season includes ‘the length of i:he
vegetative, repr'oductive, and grain filling phases 5 number of pr%dﬁc’cive and
wiproductive choots per plant‘; and"_spikelét number, grain number, and gr'ain h
weight per head. Water stress and car}opy light mteréeption components are
included which impact both growth and yileld. Root growth is simlated within
the corifines of a soil moisture budget. Nutrient stress is not considered. - The
' model was developed for winter wheat, but 'ché de\ieloper's believe it is L2
appropriate for spring wheat when modified according to their specifications
(Maas and Arkin, 1982, personal communication). ;

The model is coded in FORI'RAN in a modular str'ucture. A main program
selects appropriate code for each growth stage and calls subroutines for addi-
tional calculations. The main program structure and ‘descriptions of subroutines

are given in Table 1. The subroutines called for each growth stage are shown in

Table 2.



Documentation is contained in a Texas Agricultural Experiment Station report,
No. 80-3, "TAMW: A Wheat Growth and Dex)elopment Simulation Model." Information
needed by the model (Table 3) includes sowing date and depth, plant and row
spacing, latitgc'ie, soil albedo, 13 genetic rate or duration functions (one of
these was cr_langed in the modification for spring wheat), soil moisture -
parameters, and daily weather (precipitation, maximum and minimum tempe?aturé,
solar r'adi?.tion and snow depth). The model counts individual leaves, tillers
and spikelets and provides a leaf area index, floret number, grain number, and
grain weight. Phenélogy of the plant is determined in the model by the use of
te:rpefa*ure and da.y1 eng’ch.,- 4 | |
p_p_}_cations ‘ |
Inputs other than planting date and the meteorological data which are

r'equired for the model were not changed f m year to year. These mcluded
vl L e € a.ar.vw— Pt 2o, 5 53 dY e wliicta iy Wy H

distance between plants (1.0 cm), distance between rows (20.3 cm), sowing d=pt‘1
(2.54 cm), énd initial soil albedo' (0.09). Sets of genetic coefficlents were
available gnly for four winter wheat varieties. The different sets produced
only rrunqr' changes in rrﬁdel performance. One é,é’c wés selected, and one of its
"functions was modified follow;i.hg the Suggestion of the model deirélopers to adapt
the model for spring wheat. The initial soll molsture value was estimated for
each location. This walé done by running the model once for odd years cropped”
and once for even years cr'opped with alternate years fallowed. This means that
on alternate years fields were not cr'opped but were left idle. This management
practice allows accumlation of moisture in the soil profile in areas of maréi—
nal precipitation. An initial soil molsture was estimated for each location for
"previous year cropped" and for "previous year fallowed" from the average .{rélues

of the preliminary 11 year model run. When the model is run continuously
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over several yeaés, the December 31 soil moisture amount can be retained for use

on January 1. After several‘year's, ‘the soil moisture value becomes independent
- R

of the initial value. The model also uses two constant inputs controlling the

— /\)

rate of evaporation from the soil surface.
The model was developed and intended for use on small plots with the
required inputs avallable at the site. For large area yield ‘estimating.,' these

data rust, be derived through other methods. For example, temperature and pre-

. cipitation data may be extrapolated from the dense network of meteoroclogical

3
3
- <
v\

-‘“J
\ ~
.Y Yes
EPRL]

—~ e
NSy
3 ¢ 7
3%

¢!
~ 3 ¥
L
J P =
=23
SIS

statioﬁs. In this study the inverse distance method (Crosiar, 1982) was used.
The model also requif'e; solar radiation; however, it is measured at very few
locations {about one per éta’ce), so that extrapolation is not meaningful. For
this study,’ daily' solar radiation is estimated from normal annual distributions
for a location and relationships with precipitation and temperature values

(Rich ar'dsoq 1981).

Although the mean values for solar radiation agree with local mean values

(Richardson, 1981), the standard deviations are too smailQ The effects of this

on model performance needs to be inves‘i:igated. Until solar radiation can be
estimated by other means (e.g. safellite), the use of available surface data
provides a convenient and accessible way of Incorporating solar radiation into
existing models. _ :

Not all fields in a large area aré managed in the same way. Numerous
options exist and the model has ’cﬁe potential for evaluating the dif‘fereﬁce in
yield which results from some of these options. The option which has the
greatest effect on dr'yland spring wheat yields 1is believed to be whe‘cner‘ there
is continuous cr'opping or whether' the field is fallowed every other year to
allow for the accumulation of moisture in the soif. \This effect can be seen in

Figure 1, in which yield for summer fallowed acreage 1s consistently higher
b
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than for continuously cropped acreage. Another optlon is irrigation; however,

this was not included. One.r'mst estimate the extent to which these and other

‘options were utilized at the various locations. Also included in the management

of a field 1s the planting date. Thils 1s not easily avallable for large areas
and must be. estimated from metecrological variables which indicate when it is
~physically possible to plant in an area. For this study, plénting date-s were
estimated py a spring ém.all grains planting model (Artley et a1, 1981). This is
another source of error, as the fields in an area may not have been planted at
that time.

Another factor which changes over several. years 1is the portion of the
acreage in a region that is planted to each different crop variety. During a

five year period use of a popular varlety may decrease rapldly as farmers adopt

a new, presumably higher-yielding variety. This change may be included by

changing som;? of the 13 varietal coefflicients or by adjusting the regional yleld
estimates for trend. . y

‘The model was applied to the years 1955-1965 to adjust any ﬁput parameters
that could have affected the performanc;e of the model. This was done to insure
that the statistics from the test years, 1966-1976, would be an independent test
of the model. Because of the massive climatic data requirements in applying the

model, the analysis was limited to niné counties (see Figurée 2), one from each

Crop Reporting District. A separate analysils averaged the daily temperature and

precipitation over all the counties within a Crop Reporting District and then )

-
used those averages as irputs to the model. The nine counties randomly.

selected, one from each CRD, are shown in Figure 2.



Model Evaluation

The model was executed oﬁly for summer fallow conditions. This required two
'computér similations for each locatlion since both options, cropped and fallo{ved,
had to be considered. The initial soil moisture for the year when a crop is
gr';wn must be estimated from .the precipitation and moisture loss during the year
the land was fallow. The extent of area fallowed changed dur;ing the ‘ce.st
period. In 1955 the rafio of continuously cropped area to summer fallowed area
was 1.0. By 1970, this had decreased to .2. It was anticipated ‘that this |
change would be reflected in increased observed yields, and, hence, an
Increasing difference between estimated and observed ylelds. Initiallir, el\éven
years (1955-1965) were simlated. It was anticipated that these results might
indicate that model adjustments ‘would be nécessary. However, the estimates.
der'ived from the nine counties were falrly close, so no adjustments were made. .
Dur'i:'g the next elaven years (Figure 3) these differences appeared to become
larger, indicating the expected tr'end due bo gradual implementation of different
cropping practices. If the tre‘nd were removed, these errors would be substan—
tiall y reduced. The largest error derived from using the counties was -7 9 q/h
in 1971& which also had the largest error fr'om the CRD estimate -8.5 g/h. Late
planting (which was not estimated well by the planting date model used) could
account foz‘ some of the yield reduction. The estimate using the CRD da.ta was a
better mdicator- of the loss than the estimate from the similations for coun-
ties. On the ouner' hand, the county estimates were better indicators of the

reduction in 1961, a year of severe drought.

[



. which affect water stress. .If the initial soil moisture ‘was set very high or'
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‘very low, then ylelds were increased or decreased respectively for several year

until the stored soil moisture reached a stable value. vThe model was also sen=

B R pa ket
sitive to solar radiation. Yields were reduced with high sola.r radiation
o \/

—
values, probably through the effect of solar radiation on water use and on the

amount of stored soil moisture. Whensver drought conditions occurred in the

model similation, the duration of the heading to maturity period was greatly

reduced due to the effects of water stress on the plant development algorithm.

When the duration of this pei'iod was réduced, yield ‘was r'edﬁced proportionataly

It is possible that a problem exists in the soil water balance subroutine

- (SWBAL). The soil water balance may be being depleted by_'excessive "soil surface

evaporation.

\,oqclus_:ms

Th= model ylelds show an eqcouraging positive relationship w*th observed
yields. The spate—level yields estimated from either the county or the CRD
'rfrgdel runs show a comparable direction and magnitude of chahge with observed
yields in most years (Figure 2). While esfimated ylelds afe consistently’
smaller than observed yields, ’chis is due to anticipated diffeyepces in slope of

the two curves. _ The positive slope of observed ylelds 1is rfost likély due to

T .

changes in technology and management practices which are not included in the

model. Additionally, the model will require calibration-to-the-Zevel-of-1970's

tecmology. :f' And jyl ) J;’
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Summary

' To investigate. feasib:!_lty of using crop similation models for large area
yield forecasting, the TAMW (Texas A&M Wheat) was selected and modified simula-
tion of spring wheat growth. The model was applied to 9 North Dakota Crop
Reporting Districts (CRD's} and to one county. randomly selected from each CRD,
for the years 1955-1976. Results indicate that while the accuracy of the indi-
vidual cofiponents to the final yleld estimate are unknown, .the final yield esti-
mates themselves 'closely 15‘0'11 oW anriual changes in observed yield. An antici-
pated bias in obser'ved yields, due to technological changes (Trend) was also

noted. Some pr'ob,gems with the model have been detected and improvements are

being considered.

4.'
Ly



REFERENCES

Crosiar, C.L., 1982, '"Characterization of Regional Climate,” Master's Thesis,
Atmospheric Science, Univer’sity of Missouri-Columbia.

Hodges, T., 1982, "Second Generation Crop Yield Models Review," AgRISTARS,
© Yield Model Development Report, YM-12-04306, JSC-18245, Models Branch,
600 Cherry, Rm. 200, Columbia, MO 65201, 33 pp.

Hodges, T."and J.A. -Artley, 1981, "Spring Small Grains Planting Date
) Distribution Model," AgRISTARS Technical Report, SR-L1-04032, JSC-16858,
DA Lockheed Engineering and Manag_ement Services Company, Inc., Houston, TX, 31 p

Maas, S.J. and G.F. Arkin, 1980, "TAMW: A Wheat Growth and Development
A Si:mlation Model,- '“I'exas Agricultural Experiment Station, Blackland
Research Center, Temple, Texas, Program and Model Documentation, No. 80-3.

.*" 'Richardson, C.W., 1981, "Stochastic Similation of Daily Precipitation,
Temperature;” and Solar Radiation,“‘ Water Resources Research, Vol. 17, No.l,

pp. 182-190

Aq
1

g



lable l. Structure O1I maln program ana aescriptlon Ol sutroutlnes.

Main Program Description of Subroutines called

Call PARAM : Initializes values of location and
. : variety parameters.

Initialize location and
plant variables

‘ Begin Yearly Loop ' -

__Begin Daily Loop
) Makes Dally Growth Calculations

Call SOL ) Estimates daily solar radiation from
- corrslations with precipitation and
temperature values

2

rr - g

P s

Call CLIMATE . S Calculates daylength from latitude and
: S day of year.
Call SWBAL ~ ° - ' ' Estimates Transpiration, Evaporation,

and avallable soil moisture.

Begin Tiller Growth ILoop '
_for each Tiller (stem)

Branch to block for current
Growth Stage-
Call EMERG - Estimates progress of seed to emergence
Call COMP ) Estimates competition between plants
Call TINIT : Estimates initiation of new Tillers (stems)
Call WLEAF Estimates lLeaf Growth
Call TEMERG Estimates Tiller Emergence from Main Stem
Call FLORET : : Estimates Head and Flower Growth before
- flowering. .
Call TDEATH ‘ Estimates death of Tillers
Call SENES Estimates death of leaves
Call GRFILL ' Estimates rate of Grain Filling after
' flowering.

Call STRSS1 . Estimates degree of Water Stress

End Tiller Growth

Toop
End Daily ILoop
R
Make Final Yield
Estimate Yield = Plants/Ha ¥ Tillers/Plant

* Grains/Tiller ¥ Weight/Grain

. End Yearly Loop

End Main Program



Stage 1]
Planting | Emergence
U S
Subroutineg SOL SOL
CLIMATE CLIMATE
SWBAL SWBAL
EMERG CoMpP
TINIT
WLEAF
TEMERG
STRSS1
SENES

Table 2. Subroutines called for each growth stage.

*(.‘

Floral

.| Initiation

SOL -
CLIMATE
SWBAL
COMP
WLEAF
FLORET
TDEATH
STRSS1
SENES

— —

- y—= 5
Flowering Maturity

SOL SOL
CLIMATE CLIMATE
SWBAL - SWBAL
COMP
WLEAF
GRFILL
STRSS1
SENES

b o o etin
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Table 3. ‘Initial and dally inputs to TAMW model.
INITIAL INPUTS

Starting date of daily meteorologlcal data

Sowing date

" Betwsen row space

Within row space

Seeding depth

Latitude

Soil Albedo

13 genetic rate or duration functions

Uppzr limit of stage 1 soil evaporation

Coefficient of cuxmlative soil evaporation : :
Actual available soil water in each layer of soil prof.‘:L..e . ~
. Maximum extractable soil water in each 1ayer of soil profﬂe ,

DAILY INPUTS

' Precmita"ion
Maximum and Mininmmm Temperatur'es
Solar Radiation

ol ]
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