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Effects of Quality Considerations and
Climate/Weather Information on the
Management and Profitability of Cotton
Production in the Texas High Plains

Megan L. Britt, Octavio A. Ramirez, and Carlos E. Carpio

Production function models for cotton lint yields, seed yields, turnout, and hnt quality
characteristics are developed for the Texas High Plains. They arc used to evaluate the
impacts of quality considerations and of climate/weather information on the management
decisions and on the profitability and risk of irrigated cotton production systems. It is
concluded that both quality considerations and improved climatic/weather information
could have substantial effects on expected profitability and risk. These etfects mainly occur
because of changes in optimal variety selection and irrigation water use levels. Quality
considerations in particular result in significantly lower irrigation water use levels regard-
less of the climate/weather information assumption. which has important scarce-resource
use implications for the Texas High Plains.
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The Texas High Plains is one of the most im-
portant cotton producing areas of the United
States, accounting for nearly 20% of the total
U.S. production during the last decade. Yields
in this area are determined by a few critical
tactors, including climatic conditions, irriga-
tion fertthzation methods and
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rates, and variety selection. These factors have
to be collectively considered and managed to
increase profitability and reduce profit varia-
tion. Because of the existence of significant
premiums and discounts for lint quality, pro-
ducers would benefit from a better, more quan-
titative understanding of the determinants of
cotton quality and of the agronomic and eco-
nomic tradeofts between yield and quality.

A common management strategy for in-
creasing profits has been to improve lint yields
by adopting more input-intensive varieties or
technologies. which often results in higher
costs of production (Bradow and Davidonis).
This is becoming less feasible for producers
on the High Plains because of chronically low
cotton prices and a reduced availability of ir-
rigation water. A second strategy to increase
profits is to identify more economically effi-
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cient input-use rates by considering the rela-
tionships between yields and a few critical fac-
tors ot production. A number of studies
focusing on this strategy have been conducted
for cotton (Green, Krieg, and Reiter: Morrow
and Krieg).

Several studies addressing quality issues n
agricultural crop production and marketing
have been found in the recent literature.
Chiou, Chen, and Capps investigated the im-
pacts of biotechnology on cotton quality and
profitability. Beach and Carlson conducted an
analysis of herbicide use to determine the val-
ue of user safety and water quality. Parker and
Zilberman evaluated the quality factors affect-
ing the farm-retail margins of perishable prod-
ucts. Ethridge and Hudson found that cotton
producers with limited information about the
prevailing quality premiums/discounts were
more likely to make incorrect marketing de-
cisions. Hudson, Ethridge, and Segarra ex-
plored the impact of incorrect information
about the prevailing quality premiums/dis-
counts on production and marketing processes.
Faux and Perry estimated the value of irriga-
tion water, considering its effects on cotton
quality and price.

Studies about the impact of climatic or
weather variation on production system prof-
itability and risk are less common in the recent
literature. Hansen investigated corn farmers’
responses to changes in climate and their cf-
fects on yields. Kaufmann and Snell built a
biophysical model of corn yield, integrating
climatic and social determinants. Mjelde et al.
used a dynamic programming model to deter-
mine the value of seasonal climate forccasts
for east-central lllinois corn production.

Although cotton is a major agricultural
commodity in the United States, there is no
published research that has evaluated the po-
tential for increasing profits and reducing risk
by considering the effects of key production
management decisions and of climatic vari-
ables on both yields and the quality of cotton
produced. Also, despite the extreme weather
variations observed in major cotton-producing
regions like the Texas High Plains, the poten-
tial effect of the availability and use of im-
proved climatic and weather information on
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cotton production system management, prof-
itability, and risk has not been evaluated.

This study addresses the issues discussed
above by estimating six equations that simul-
taneously describe the relationships between
critical management decisions (variety, irri-
gation water/nitrogen, and phosphorous fertil-
izer application rates) and cotton output (lint
and seed yield, micronaire, strength, staple,
and turnout) in the Texas High Plains under
three heat-unit and rainfall patterns. The mod-
els are used to evaluate the changes in ex-
pected profits and profit variability caused by
decreased climatic and weather uncertainty
and by considering the cffect of management
decisions on both the quantity and the quality
of the cotton produced.

A Simplified Theoretical Model

The following is a simple theoretical model of
the input use and lint yield decision consid-
cring a single quality attribute:

n Y =FR HU X, X5).

PR = PR(Q), Q = Q(R, HU, X, X,).

2y W ={P+PR)Y — RX, — R, X, — FC,

where Y is lint yields, which depends on rain-
fall (R), heat units (HU), and two variable in-
puts, X, (irrigation water) and X, (fertilizer
use); @ is the quality of the lint, which also
depends on R, HU, X,. and X,: PR is the qual-
ity premium or discount per unit of ¥, which
depends on the actual quality; Il is profits, P
is the price per unit of Y, and R, R,, and FC
are the costs per unit of variable input (X, and
X,) and the fixed costs. The first-order condi-
tions (FOC) for profit maximization arc

(3) Oll/AX, =P X F, + PR, X Q, XY
+ PRXF, — R, =10, or
MVP = F{P+ PR} + PR, X, XY =R,
all/aX, = P X Fy + PR, X Q, X Y
+ PR X F, - R.=0, or
MVP, = F,\{P + PR} + PR, X Q. X Q

= R.,
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where MVP, and MVP, stand for the marginal
value of the product of X, and X,, F, and F,
are the partial derivatives of ¥ = F(R, HU, X,,
X,) with respect o X, and X,; PR, is the de-
rivative of PR(Q) with respect to Q; and Q,
and Q, are the partial derivatives of Q = Q(R,
HU, X, X,) with respect to X, and X,. If the
decision maker erroneously assumes that input
use does not affect quality (i.e., that Q, = Q,
= (), the effective price is still P + PR (i.e.,
there will still be a premium or discount for
the quality of the cotton produced), and the
FOC for profit maximization become

(&3] MVP, = F\(P + PR) = R,. and
MVP, = F)(P + PR) = R,.
Because the actual profits would stll be

given by Equation (2), it is obvious that an
input use decision based on Equation (3)
would always result in equal or higher profits
than the erroneous input use decision based on
Equation (4). If higher input use increases the
value of the quality attribute (i.e., Q, > 0 and
Q, > 0) and this results in a higher premium
(i.e., PR, > 0), then PR, X @, X Y > 0 and
PR, X @, X Y > 0, and quality considerations
would always shift the MVP, and MVP, up-
ward and increase the use of both variable in-
puts. The reverse occurs it higher input use
decreases quality.

In the case of cotton, however, multiple
quality attributes have to be considered and,
depending on the quality attribute and its ac-
tual value, the quality “premium” (PR) can
be positive or negative—i.e., a premium or a
discount. In addition, the quality “‘premium”
can be an increasing or a decreasing function
of the value of the quality attribute: PR, can
be positive or negative (Nelson et al.). Also,
it will be established below that the value of
the quality attribute may increase or decrease
with higher input use (i.e., @, and Q. can be
positive or negative). As a result, the impact
of quality considerations on the behavior of a
profit-maximizing producer becomes an em-
pirical question.

The effect of the reliability ot the weather
information available for decision-making can
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be introduced in the theoretical model above
by letting

and

I

(5) R* = AR + 34(R — AR),

HU* — AHU),

AHU + 8,4,(HU

where R* and HU* are the rainfall and heat-
unit amounts implicitly assumed for decision
making, R and HU are the actual rainfall and
heat units, AR and AHU arc the long-term av-
erage rainfall and heat-unit amounts observed
in the area, and 9, and §,,, can be interpreted
as climate/weather information availability co-
efficients taking values of zero or one. Spe-
cifically, it 8, = 0 and §,,, = 0. then R* = AR
and HU* = AHU, which implies that man-
agement decisions are made on the basis of
average rainfall and heat-unit accumulation.
Alternatively, if 8, = 1 and 8, = 1, then R*
= R and HU¥ = HU, which implies that man-
agement decisions are made on the basis of
actual rainfall and heat-unit accumulation. The
latter is only possible given the availability
and use of perfect climate/weather informa-
tion. The applicability of these two alternative
assumptions in the case of irrigated cotton pro-
duction in the Texas High Plains is discussed
below.

The FOC for profit maximization under
Equation (5) are as stated in Equation (3), ex-
cept that R* and HU* replace R and HU in
the lint yield and quality equations provided
in Equation (1). Even if R* and HU* enter
these equations as intercept shifters only, they
will affect the FOC through QP, QP’, and Y.
In general, they would be expected to be slope
(i.e., marginal physical product) shifters as
well and also affect the FOC through F,, F,,
;. and Q.. Because the actual profits are giv-
en by Equation (2) evaluated at R and HU, an
input use decision based on perfect climate/
weather information (i.e., 8, = d,,, = 1) would
always result in higher profits than when farm-
ing for average weather (1.e., 8, = 8,, = 0).
However, as in the case of quality consider-
ations, the uncertainties about the signs of
PR, O, and ., @ and Q,;, makes it impos-
sible to ascertain the qualitative impact of 1m-
proved climate/weather information on vari-
able input usc and on the quantity and quality
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characteristics of the cotton produced in this
particular case. The signs and magnitudes of
these responses have to be empirically deter-
mined.

Methods and Procedures
Duta Description

The data set for this research was collected
from three field experiments conducted in
Lubbock County, Texas. in 1997, 1998, and
1999. These experiments were planted on May
19 and 13 and June 15 and defoliated on Oc-
tober 13, 15, and 28, respectively. The pooled
data set consists of 711 lint yield, seed yield,
turnout, micronaire, staple length, and fiber
strength value observations, corresponding to
11 varieties under different irrigation water/
nitrogen and phosphorous fertilizer application
rates and weather conditions—t.e., the rainfall
and heat units accumulated during the cotton
growing season. Phosphorus was applied
through fertilization at rates ranging from 0 to
73 lbs per Irrigation water, applied
through a low energy precision application
(LEPA) system, ranged from 3 to 14 acre-
inches. Nitrogen was also applied through the
water at a fixed rate of 6 ibs/acre per acre-inch
of irrigation waler, as recommended by Mor-
row and Krieg. All water/nitrogen and phos-
phorus application combinations were repeat-

acre.

ed for the 11 cottonseed varieties: Paymaster
HS 26. Paymaster HS 200. Delta Pine 2156,
Paymaster Tejas, HOL 101, HOL 338. All-Tex
Atas, AFD Explorer. AFD Rocket, All-Tex
Toppick, and All-Tex Xpress.

Growing period rainfall and heat-unit mea-
surements were collected at the research site.
The site received less than average rainfall
(8.5 in.) and close to average heat-unit accu-
mulation (1,161°C) in 1997. In 1998, a dry
year, the plots received little rainfall (5.4 in.)
and a relatively high heat-unit accumulation
(1,544°C). During 1999, the experiment re-
ceived below average heat-unit accumulation
(1,022°C) and rainfall (6.3 in.). These three
heat-unit-rainfall combinations were used to
estimate the production response functions.
The fact that only below-average rainfall oc-
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curred during the three years when the exper-
imental data were obtained is a potentially im-
portant limitation of this study. Specifically,
because the marginal physical product of wa-
ter (MPP,) is likely higher at low levels of
rainfall, the concern is that this could result in
an overestimation of the MPP,, at above-av-
erage rainfall, which would affect the econom-
ic analysis. This concern is addressed in the
results section.

Historical (May—September) heat-unit and
rainfall observations at Lubbock County from
1914 to 1999 were used to determine expected
profit levels and profit variation due to weather
(NOAA 2001; National Weather Service).
Heat-unit accumulations were calculated from
daily temperature data during the normal cot-
ton-growing period in the Texas High Plains,
which extends from May to September. Cotton
yields were measured at each experimental
plot by hand harvesting all cotton bolls within
a sample area of 1/1,000 of an acre. The har-
vested bolls were ginned at a plot gin. A sam-
ple of the ginned cotton from each plot was
sent to the International Textile Center of Tex-
as Tech University to determine the values of
its lint quality attributes. Staple length,
strength, and micronaire were measured using
high volume instrument tests.

The Yield and Qualitv Response Functions

Six yield and quality response functions were
estimated using the seemingly unrelated re-
gression procedure, to take advantage of the
correlation among the dependent variables lint
yield, seed yield, strength, staple, micronaire,
and turnout. Each function was initially spec-
ified with an intercept and 43 independent var-
iables, including the intercept and slope shift-
ers and interaction terms

)
(6) Y =P, + BHU+ B.RF + 2 B.\Vi

+ B WAT + BLWAT? + B, WAT®
+ 8,,TPH + P, TPH> + B TPH'
+ B, TPHWAT + B.,HUWAT

+ By RFWAT + B,HUTPH
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+ BLRFIPH + D, B, ViTPH

Ll
+ > B, »VIWAT + &,

=2

where Y is output (lint yield, seed yield, mi-
cronaire, strength, staple, or turnout); HU is
heat units in degrees Celsius; RF is rainfall in
inches; WAT is irrigation water use in acre-
inches: TPH is total phosphorus applied in 1bs
per acre; V2-V 1! are dummy variables for va-
rieties Paymaster HS200, Delta Pine 2156,
Paymaster Tejas, HOL 101. HOL 338, All-Tex
Atlas, ADF Explorer. ADF Rocket, All-Tex
Toppick, and All-Tex Xpress; and ¢ is the er-
ror term. The omitted variety (V1) is Paymas-
ter HS26.

All of the six initial model specifications
included third-degree polynomials with re-
spect to irrigation water/nitrogen and phos-
phorous fertilizer use. Typical three-stage neo-
classical production function surtaces are
expected in the case of lint and sced yields,
although the third stage of negative marginal
returns might not have been reached in the ex-
perimental data at hand.

The functional relationships among the
three lint quality attributes and variable input
use have not been studied in detait, and there
1S no agreement between cotton production
and physiology experts about the general di-
rection or even the existence and practical sig-
nificance of these relationships (Krieg). Third-
degree polynomials are appealing to model
these relations because of their flexibility to
accommodate a variety of functional shapes.
The typical drawback of polynomial specifi-
cations, exacerbating multicollinearity, is less
of a concern in this case because of the ran-
domized experimental design used to generate
the data, and parsimony is not a priority. given
the relatively large number of observations
and degrees of freedom available.

The estimation of nonlinear responses with
respect to rainfall and heat units was not fea-
sible because the data were collected under
three different rainfali—heat-unit regimes only.
The models accounted for differences across
varietics through dummy variables used 0

and Corton Production
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shift the intercept and the linear trend param-
eters of the polynomials modeling the respons-
es to water/nitrogen and phosphorus applica-
tion rates. The models also contained
interaction terms that allowed for different
yield and quality responses to irrigation water/
nitrogen (phosphorus) depending on the phos-
phorus (water/nitrogen) application level and
the prevailing weather.

The statistical significance of each param-
eter in the initial models was evaluated by use
of two-tailed t tests on the basis of hetero-
skedastic-consistent standard error estimates.
The final models presented in the appendix
were estimated, excluding all variables whose
associated parameters were not statistically
different from zero at an a < .20. F tests were
conducted to verify that the set of parameter
restrictions imposed in each of the final mod-
els were statistically valid.

The Empirical Hedonic Profit Equation

The empirical hedonic profit equation was
specified by expanding the theoretical model
discussed above to account for multiple qual-
ity attributes and the peculiarities of the prob-
lem at hand, specifically:

(7 1l = total revenue — total cost
= TR(MD, W) — TC(MD, W),
TR(MD, W)
= |{P, + POD, MVMD. W)
+ PODJ[SVIMD, W)]
+ POD,[LV(MD, W)}
X LY(MD, W)| + PSY(MD,W),
TCWMD, W)
= UCW X WAT
+9.53{VI + V2 + V3 + V4]
+ 7.50{V5 + V6
+ 7.95{V7 + V10 + V11}
+ 8.85{V8 + V9} + 0.0875TPi{
+ 0.0225{LY(MD, W)Y/ TURMD, W)}
+ OVC & FC.
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TR(MD, W) calculates the total (gross) rev-
enues per acre. LY(MD,W)., SY(MD,W).
MV(MD,W), SV(MD,W), and LV(MD,W) are
the lint yield, seed yield, micronaire, fiber
strength, and staple length values predicted by
the models. As explained above, each of these
is a tunction of the management decision
(MD) and prevailing weather (W). The man-
agement decision includes the variety (VI to
V1), irrigation water/nitrogen application rate
(WAT) and amount of phosphorous fertilizer
(TPH) utilized. Weather includes May-Scp-
tember rainfall and heat-unit accumulation.
POD  MV(MD,W)], PODJ|SV(MD,W)] and
POD,[LV(IMD,W)] are the per-pound premi-
ums or discounts received tor the micronaire,
strength, and staple length values of the cotton
lint sold. These depend on the micronaire,
strength, and staple values of the cotton pro-
duced (MV, SV, and LV), which are functions
of the MD and W. Py is a “base” pricc that
applies to cotton lint with “‘baseline” quality
values.

The annual averages of the base price and
of the quality premium or discount estirmates
from the Texas Tech University Daily Price
Estimation System (DPES) for the 1997/1998,
1998/1999, and 1999/2000 marketing years
were used in the analyses for comparative pur-
poses. The DPES is a set of nonlincar models
of the relationships between the cotton price
premiums/discounts and the quality of the cot-
ton fiber. Therefore, the premium and discount
estimates are nonlinear functions of the lint
quality values. Three alternative years were
used, because the base price and the premium/
discount for any given quality value changes
from year to year depending on the market
conditions. A fixed price per pound of seed
(P¢) was used in the profit equation, which
was calculated by taking the average of the
seed prices reported by the National Agricul-
tural Statistics Service from 1995 to 2000, ad-
justed for inflation using the 2000 producer
price index.

TC(MD, W) calculates the total cost of pro-
duction per acre, which is also a function of
the MD and of the W, because weather affects
ginning costs through lint yields and turnout.
In TC(MD, W), UCW is the cost per acre-inch
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of irrigation water applied (High Plains Water
Conservation District), WAT is irrigation water
use in acre-inches, TPH is total amount of
phosphorus applied in pounds per acre,
TURMD,W) is the turnout or percentage of
marketable lint, which is also a function of the
management decision and weather, VI-VI|
are dummy variables for varieties 1-11, and
OVC&FC = $%$410 represents other variable
costs and fixed costs of irrigated cotton pro-
duction in the Texas High Plains (Texas Ag-
ricultural Extension Service).

On the basis of dealer quotes, the planting
costs for the Paymaster, All-Tex, and AFD cer-
tified varieties were estimated at $9.53/acre,
$7.95/acre, and $8.85/acre and the cost of
planting either HOL 101 or HOL 338 at $7.50/
acre. The unit cost of purchasing phosphorous
fertilizer was assessed at $0.08/1b. The cost of
applying 1t through fertigation ($0.0075/1b)
was allocated as the rental cost for a 1,000-
gallon tank and an injection pump, the addi-
tional equipment typically needed to use fer-
tigation. Therefore, the cost of fertigation in
the profit equation is 0.08757PH. Ginning
costs were assumed at $2.25/cwt (TASS
1998). The module weight was determined by
dividing predicted lint yields by turnout. Thus,
in the total cost equation, 0.0225{LY(MD, W)/
TUR(MD.Wj| calculates the ginning cost per
acre.

Scenarios for the Economic Analvses

The decision-making behavior of the Texas
High Plains irrigated cotton farmers under cur-
rent and improved degrees of climate and
weather information availability could only be
ascertained through extensive field research
beyond the means of the present study. How-
ever, the two extreme hypothetical scenarios
introduced in the theoretical mode! above can
be used to evaluate the potential magnitude of
the effect of using more reliable climate and
weather information on the management, prof-
itability, and risk of irrigated cotton produc-
tion in the Texas High Plains.

With this in mind, four scenarios were con-
structed to evaluate whether the consideration
of quality, in addition to quantity, when mak-
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ing crop management decisions and whether
the availability and use of more reliable cli-
mate and weather information could substan-
tially increase profitability and/or reduce risk.
All of the scenarios assume precise yield,
quality, and turnout predictions from the esti-
mated models and accurate base price and pre-
mium/discount schedule estimates from the
DPES models and that these are available for
decision making.

The first scenario, called quality consid-
erations/perfect weather and climate infor-
mation, assumes that the producer makes
profit-maximizing decisions considering the
impact of the management on both the quan-
tity and the quality of the cotton produced.
It also assumes perfect information about the
weather and climate that will prevail during
the growing season, as defined in the theo-
retical model above when 8, = | and %, =
1. For this first scenario, the water/nitrogen
and phosphorus application levels that max-
imize the full profit Equation (7) are deter-
mined under each of the 86 historical heat-
unit and rainfall observations available for
Lubbock, Texas, for every one of the 11 va-
rieties (n the analysis. The corresponding
profits are calculated, also using Equation
(7) under the assumption that each of these
86 heat-unit—rainfall combinations oc-
curred—i.e., that perfect forecasts were
available for making the management deci-
sions. The result is 86 profit levels for ecach
variety that reflect the empirical probability
distribution of the maximum profits across
the likely climate spectrum.

The second scenario, termed no quality con-
siderations/perfect weather and climate infor-
mation, assumes that the producer makes “my-
opic””  profit-maximizing decisions by
considering the impact of the management on
the quantity, but not on the quality, of the cotton
produced. The water/nitrogen and phosphorus
application levels that maximize a ‘‘myopic”
profit equation, obtained by excluding the term
{PODMVMDW)] + PODJSV(IMDW)] +
POD,[LVIMD,W)] X LY(MD,W)} from Equa-
tion (7), are determined under each of the 86
historical heat-unit and rainfall observations for
all 11 varieties. The corresponding profits, how-
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ever, are calculated using all of Equation (7),
with the micronaire, strength, and staple values
predicted by the models under the previously
determined sets of ““myopic” decisions.

The third and fourth scenarios, called qual-
ity considerations/average weather and climate
and no quality considerations/average weather
and climate information, involve the same cl-
ements of the first (quality considerations) and
second (no quality considerations) scenarios
above. With regard to weather and climate,
however, they assume that the management
decisions are based on the average rainfall and
heat-unit accumulations observed during the
1914—-1999 cotton growing seasons—i.e., 8, =
8y, = 0 in the theoretical model discussed
above.

With regard to weather forecasting, the
NEXRAD system is now operational through-
out the United States, which has provided for
improvements in short-term weather forecast-
ing. Improvements are expected in the near
future that will greatly enhance the capabilities
of this system (Serafin and Wilson). The Lub-
bock Forecast Office of the National Weather
Service issues forecasts up to 7 days for a 24-
county area that includes the extreme southern
Texas Panhandle, the South Plains, and parts
of the Low Rolling Plains of West Texas. The
Climate Prediction Center of the National
Oceanic and Atmospheric Administration pro-
duces monthly and seasonal forecasts that are
available through the Internet (Phillips). Nev-
ertheless, there 1s no research about the deci-
sion-making behavior of the Texas High
Plains irrigated cotton farmers under the cur-
rent state of climate and weather information
availability or about whether and how they
consider the effects of management decisions
on the quality of the cotton produced.

However, it could be argued that, on the
basis of producer experience alone, it is easier
to develop sound management decisions for
average climate/weather and price environ-
ment conditions. Making decisions that fully
account for quality effects and for the potential
of nonaverage climate/weather conditions re-
quires reliable quantitative knowledge of how
the management (i.e., variety, water, and fer-
tilizer use) and climatc/weather variables (i.c.,
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rainfall and heat units) interact to affect the
six major yield and quality components (lint,
seed, micronaire, staple, strength. and turn-
out). It also requires precise forecasts of the
price premium/discount environment and of
the rainfall and heat-unit regime that will pre-
vail during the season. Producers’™ awareness
of the existence of these relations might not
be sufficient.

For example, producers likely have some
reliable knowledge about the yields and qual-
ity of the cotton to be expected from the main
varieties planted in their area but only a fair
idea of how different varieties might behave
under alternative climatic and weather condi-
tions and no information about the quality pre-
miums/discounts likely to prevail during the
marketing season. This, coupled with the rel-
ative lack of precision in the current 6-month
forecasts (NOAA 2002), probably results in
variety selection based on average or near-av-
erage Muy-September rainfall and heat-unit
expectations and quality considerations only in
reference to an average climate and premium/
discount environment.

The phosphorus application decision is al-
ready contingent on variety selection. Because
phosphorus can be applied through the irri-
gation water at various times during the first
8—10 weeks of the season, knowledge of the
rainfall and heat-unit accumulation during this
period allows for some informed adjustment
beyond the average climate expectation. A ful-
ly informed decision, however, would require
precise rainfall and heat-unit forecasts for the
3 remaining months of the cotton-growing
season. Also, producers might not be aware of
the fact that the amount of phosphorus applied
will interact with irrigation water/nitrogen,
rainfall and heat-unit accumulation to affect all
quality attributes.

[rrigation water may be periodically ap-
plied throughout the season, as needed, with
some constraints imposed by 2-3-week rotat-
ing irrigation schedules. Therefore, given the
variety and the phosphorous fertilizer use de-
cisions, it would appear that (quality aside)
fully informed water/nitrogen application de-
cisions might be attainable under precise 2-
week weather forecasts. However, many farms
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experience a limit in the amount of under-
ground water that can be pumped per unit of
time. Thus, farmers often plant the maximum
crop area that can be properly irrigated under
near-average rainfall and heat-unit conditions,
and, during an unusually hot and dry season,
they may not be able to irrigate as much as
they would like. Therefore, a precise climatic
forecast tor the May—September period might
be needed to achieve optimal irrigation water
use during hot and dry growing seasons. Re-
garding quality, most producers are likely
aware of the fact that the amount of irrigation
water applied will affect at least some of the
quality characteristics, and how (i.e., increase
or decrease), but do not have the precise quan-
titative information required for fully optimal
decision-making.

Increased quality considerations would be
feasible given the availability of regional-level
yield and quality response models like the
ones estimated in this study and of economet-
ric models to predict the base price and the
quality premiums/discounts that are likely to
prevail during the cotton marketing season. On
the other hand, it is clear that the perfect
weather and climate information assumption is
unattainable in the foreseeable future. Com-
parisons between a pessimistic scenario (de-
cisions assuming average weather and climate)
and a best-case scenario (decisions under per-
fect weather and climate information) help as-
sess the potential magnitude ot the effect of
more reliable climate and weather information
on the profitability and risk of irrigated cotton
production in the Texas High Plains.

For the remainder of this article, the terms
“‘quality considerations” and “‘no quality con-
siderations’ are used to mean that cotton qual-
ity is and is not being considered when mak-
ing the profit-maximizing input-use decisions.
Also, climate. which refers to periods longer
than 2 weeks, will be used to mean both cli-
mate and weather, which refers to shorter time
periods.

Results and Discussion
The Estimated Yield and Quality Models

The parameter estimates for the final lint and
seed yield, turnout, micronaire. fiber strength,
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and staple length models are provided the Ap-
pendix. These models were reestimated to
only include the variables that resulted statis-
tically significant (@ < 0.20) in the initial
models, according to two-tailed t tests. The fi-
nal lint yield model (R*> = .687) includes sec-
ond- and third-degree polynomials with re-
spect to water/nitrogen and
phosphorus, respectively, and a positive water-
phosphorus interaction term. This results in a

irrigation

second-stage (i.c.. increasing at a decreasing
rate) lint yield response to irrigation water/ni-
trogen and a neoclassical three-stage produc-
tion response with respect to phosphorus.
Within the sample data range, however, the
marginal lint yield responses to the use of
these three inputs are always positive. Both
climate variables are found to affect lint yields
directly and through three interaction terms. A
few intercept and slope shifters account for
differences in overall lint yield levels and on
lint yield response to irrigation water/nitrogen
and phosphorous fertilizer use across varieties.

The general features of the final seed yield
model (R? = .684) are similar to the lint yield
model, as expected given the high .964 cor-
relation between the lint and seed yield data.
This model also includes second- and third-
degree polynomials with respect to irrigation
water/nitrogen and phosphorus, respectively,
and a positive water-phosphorus interaction
term. Note that positive phosphorus- and heat-
unit—water interaction terms make up for the
absence of a linear term on the water/nitrogen
polynomial. As in the case of lint, the margin-
al seed yield responses to the use of these
three inputs are always positive within the
sample data range. Both climate variables are
found to affect seed yields directly and
through all of the four interaction terms in-
cluded in the initial model. Several intercept
and slope shifters accounting for differential
effects across varieties remain in the final seed
yield model as well.

The R? values for the final turnout, micron-
aire, staple, and strength models are 414,
304, 371, and .406, respectively. Nonlinear,
second-. or third-degree polynomial responses
with respect to irrigation water/nitrogen use
are found in the final micronaire, staple length,
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and fiber strength models, whereas nonlinear
responses to phosphorus application are iden-
tified in the final turnout and strength models.
All models include direct linear responses to
water/nitrogen and phosphorus or indirect lin-
ear responses through one or more interaction
terms. In short. water/nitrogen and phosphorus
use levels show statistically significant effects
on all quality characteristics. Unlike the case
of yields, however, some of the quality re-
sponses to additional use of certain inputs are
negative or ambiguous in sign. This is illus-
trated in the following section. All four quality
models identify statistically significant eftects
of the climatic variables and/or of interactions
of these variables with the water/nitrogen and/
or phosphorus application levels. Several in-
tercept and slope shifters accounting for dif-
ferential effects across varieties remain in the
final turnout., micronaire, staple, and strength
models as well.

Yield Response

Under the assumption of long-term average
rainfall (9.5 in.) and heat-unit (1,270°C) ac-
cumulation, the model predicts substantial lint
yield responses to both irrigation water and
phosphorous fertilizer application at all input
usc levels, with maximum yields ranging from
1,225 Ibs/acre (ADF Rocket) to 1,324 Ibs/acre
(Paymaster HS26 and Delta Pine 2156) at the
highest irrigation water and phosphorus appli-
cation rates evaluated. Extreme climate pat-
terns substantially shift the lint yield response
surfaces. Under high heat units (1,500°C) and
low rainfall (5 in.), the model predicts strong
yield responses to irrigation water but weak to
eventually negative responses to increased
phosphorus application, especially at low wa-
ter levels, and maximum lint yields only rang-
ing from 985 to 1,084 Ibs/acre.

Under low heat-unit accumulation
(1,050°C) and high rainfall (15 in.), the model
predicts weak to eventually negative lint yield
responses to irrigation water at the lowest
phosphorous fertilizer application level and
stronger but eventually plateauing responses to
additional irrigation water as more phosphorus
is applied. A climatic scenario pairing low
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Figure 1. Predicted Micronaire Values for
HOL338 under Average Rainfall and Heat
Units

heat units (1,050°C) and low rainfall (5 in.)
results in worse overall lint yields, all under
700 Ibs/acre, whereas the best-case scenario is
high heat units (1,500°C) and rainfall (15 in.),
with maximum yield levels exceeding 1,800
Ibs/acre. Although the previously discussed
vield predictions are consistent with the ex-
perimental data used for model estimation,
they are considerably higher than the yields
observed in typical irrigated cotton production
systems in the Texas High Plains (TASS). It
is not unusual for expcrimental yields to be
higher than on-farm yields. However, the lint
and seed yield predictions utilized in the eco-
nomic analyses were scaled down by a factor
of 0.70 to obtain more realistic profit levels.

Quality Response

Nelson et al. estimated that micronaire values
under 3.0 or over 5.0 produced substantial dis-
counts of 3 cents/lIb in 1999/2000 and of near-
ly 4 cents/Ib during the 1998/1999 marketing
season. At long-term average rainfall and heat-
unit accumulation, the micronaire response
surfaces suggest that very low (2.5-3.0) mi-
cronaire values occur at high levels of irriga-
tion water, regardless of the amount of phos-
phorus used (Figure 1). At the lint yield—
maximizing levels of 75 1bs of phosphorus and
15 acre-inches of water, the predicted micron-
aire values range from 2.63 to 3.19, depending
on the variety. Regardless of phosphorus, at
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Figure 2. Predicted Strength Values for Pay-
master HS26 under Average Rainfall and Heat
Units

average rainfall and 1,050°C heat units, all va-
rieties begin showing micronaire values below
3.5 after 9 or 10 acre-inches of irrigation water
use. After 12 acre-inches, all varieties show
predicted micronaire values under 3.0.

Nelson et al. also estimated that strength
values under 23 g/tex produced discounts of
1-2 cents/lb, whereas strength readings over
27 gftex resulted in premiums of 09-1.4
cents/lb, depending on the season. Under av-
erage climate, the highest irrigation levels are
predicted to result in the lowest strength val-
ues, ranging from 22 to 27 g/tex. whereas the
lowest water application rates produce higher
strength readings of between 28 and 35 g /tex,
depending on the variety (Figure 2). At high
irrigation water use levels, additional phos-
phorus only increases strength moderately, by
1-3 g /tex.

Regardless of heat units and phosphorus
application, high rainfall (15 in.) broadens the
range of predicted fiber strengths from under
21 g/tex at high water to over 35 g/tex at low
irrigation water use. Overall, the fiber strength
model predicts that higher rainfall results in a
broader range of fiber strength readings across
the phosphorus-water use combinations eval-
uvated and that higher heat units produce stron-
ger cotton fiber at a rate of 0.3-0.6 g/tex per
100 additionai units.

Staple lengths from 0.95 to 1.03 in. result
in price discounts ranging from 11 to | cents/
Ib, whereas lengths from 1.06 to 1.12 in. re-
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Figure 3. Predicted Staple Length Values for
Paymaster Tejas under Average Rainfall and
Heat Units

sulted in premiums ranging trom 1 to 5 cents/
Ib. depending on the season (Nelson et al.).
Under the average rainfall and heat units, the
lower staple length values predicted by the
modecl range from 0.98 to 1.13 in., whereas
the highest staple length values oscillate from
1.11 to 1.21 in., depending on the variety. The
shorter fiber varieties in particular exhibit their
lower staple values at high water and their
highest staple length at low irrigation water
use levels (Figure 3). Low heat units (1,050°C)
and high rainfall (15 in.) shifts the cross-va-
riety range of predicted staple length values
from 0.88-1.05 in. at high water use and low
phosphorus to 1.11-1.23 in. at low irrigation
and high phosphorous fertilizer rates. In-
creased heat units (1.500°C) result in even
lower (0.82—1.00 in.) staple length values at
high water and marginally higher (1.13—-1.25
in.) readings at low water. Even at high
(1,500°C) heat units, however, at low rainfall
(5 in.). most varieties present a narrower range
of staple length values of between 1.05 and
1.25 in.

FEconomic Analyses

The estimated models show clear agronomic
tradeoffs between yields and quality. In all of
the climatic scenarios discussed above, the va-
riety and input use combination that maximiz-
es lint and seed yields is different from the
combination that maximizes the premium (or,
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in the case of micronaire, minimizes the dis-
count) received for any particular quality at-
tribute (henceforth, the term premium will be
used to imply either a positive or a negative
premium—i.e., a discount). These agronomic
tradeoffs, coupled with the strong climate and
interaction effects identified by the models,
confirm the importance of conducting eco-
nomic analyses of the impact of quality con-
siderations and more accurate climate infor-
mation on the profitability and risk of irrigated
cotton production in the Texas High Plains.

Table 1 contains the average profits (Ave.
IT), the lower 1/20 percentile of profits
(5%LII), the average irrigation water use
(Ave. W), the average phosphorous fertilizer
use (Ave. P), the average total price per pound
of lint yield (Tot. Price) (including premiums),
and the average lint yield (Ave. LY) for each
of the 11 varieties under the four quality/chi-
mate information scenarios discussed above.
The averages are across the threc quality pre-
mium (i.e., market) environments considered
in the analysis. The Ave. I, 5%LII, Ave. W,
and Tot. Price statistics are disaggregated by
market environment in Table 2. All of these
statistics are based on the 86 maximum profit
levels attained by each of the varieties under
the 86 historical rainfall-heat-unit combina-
tions available for the analyses. The irrigation
water and phosphorus use rates were limited
to a maximum of 15 acre-inches and 75 lbs/
acre, to avoid out-of-sample forecasting.

As expected, improved climate information
increases average profitability, regardless of
the market environment or variety planted (Ta-
ble 2). If cotton quality is ignored when mak-
ing the (myopic) profit-maximizing water and
phosphorous fertilizer use decisions, on aver-
age for the 11 varieties across the three pre-
mium environments, improved climate infor-
mation increases the 86-year average profits
by $23.6/acre (63%) (Table 2). The average
profit increases are lowest ($18.1/acre) under
the market environment in the 1998/1999 sea-
son and highest ($26.9/acre) under the 1997/
1998 environment (Table 1). Under quality
considerations, improved climate information
increases overall average profits by $17.2/acre
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Table 1. Average Profits (Ave. T1), Lower 1/20 Percentile of Profits (5%LID). Average lrri-
gation Water Use (Ave. W), Average Phosphorous Fertilizer Use (Ave. P.), and Total Price per
Ib of Lint Yield (Tot. Price) (including premiums/discounts) for 11 Varieties Across 86 His-
torical Climate/Weather Scenarios and Three (1997-99) Quality Premium/Discount Environ-
ments

Variety Vi V2 V3 V4 \'A Vo

No Quality Considerations/Average Climate and Weather Information, Year 1997/1998-1999/2000 Qual-
ity Premium-Discount Environment

Ave. Tl 41.4 30.9 65.3 348 31.1 74.4
S%LI1 —144.5 —=171.7 -133.6 —153.9 —166.8 —114.7
Ave. W 15.0 14.3 15.0 15.0 14.7 {2.0
Ave. P. 75.0 75.0 75.0 75.0 75.0 75.0
Tot. Price (0.547 0.553 0.558 0.544 0.560 0.579
Ave. LY 955.4 903.1 960.1 939.6 900.4 919.5

Quality Considerations/Average Climate and Weather Information, Year 1997/1998—-1999/2000 Quality

Premium-Discount Environment

Ave. |1 57.1 49.5 72.6 52.6 447 82.8
5%L1 -116.8 —145.7 —106.6 —1255 —142.2 —128.4
Ave. W 12.7 11.3 13.3 12.3 12.3 10.3
Ave. P. 75.0 75.0 75.0 75.0 75.0 75.0
Tot. Price 0.569 (.586 0.572 0.571 0.582 0.593
Ave. LY 912.4 858.6 934.0 892.3 868. 1 900.0

No Quality Considerations/Perfect Climate and Weather Information, Year 1997/1998-1999/2000 Quality

Premium-Discount Environment

Ave. Il 68.2 54.4 84.3 62.6 53.4 86.0
5%LH —1155 —154.5 —106.6 —123.6 —147.9 —127.7
Ave. W 13.9 13.5 14.2 139 13.7 12.0
Ave. P 727 73.1 72.7 7277 72.6 75.0
Tot. Price 0.564 0.567 0.570 0.563 0.573 0.579
Ave. LY 952.2 905.5 956.5 937.1 901.3 931.9

Quality Considerations/Perfect Climate and Weather Information, Year

Premium-Discount Environment

1997/1998-1999/2000 Quality

Ave. I1 76.5 64.6 91.3 71.7 61.5 94.0
S5%LI —-112.0 —-139.6 —-103.4 —118.5 —139.0 —109.0
Ave. W 12.6 11.8 13.0 12.4 12.3 10.8
Ave. P. 71.9 72.8 72.0 71.2 71.8 75.0
Tot. Price 0.578 0.587 0.582 0.578 (.588 0.593
Ave. LY 928.2 884.0 940.9 911.6 882.5 918.5

(33%). The smallest increase ($15.5/acre) oc-
curs under the 1998/1999 market environment.

Quality considerations also increase aver-
age profitability, regardless of the market en-
vironment or variety planted (Table 2). Under
the average climate information scenario, on
average for the |1 varieties across the three
premium environments, quality considerations
increase the 86-year average profits by $15.2/

acre (41%). The average profit increases are
fowest ($5.7/acre) under the 1998/1999 market
environment and highest ($21.3/acre) under
the 1999/2000 environment (Table 1). Given
perfect climate information, quality consider-
ations increase the overall average profits by
$8.8/acre (149%). The largest increase ($11.7/
acre) occurs under the 1999/2000 premium en-
vironment. The combined effect of quality
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Table 1. (Extended)
V7 A\ V9 V10 Vil Ave. Best
28.8 36.0 215 0.1 46.8 37.4 —
—169.3 —157.0 —-162.8 —208.2 —139.9 —156.6 —
15.0 15.0 14.0 14.3 13.7 4.4 —
75.0 75.0 75.0 75.0 75.0 75.0 —
0.549 0.560 0.562 0.532 0.564 0.555 —
928.5 930.5 877.1 888.6 913.1] 919.6 —
46.4 50.2 34.4 27.6 61.0 52.6 —
—135.4 ~128.1 —152.0 —170.7 —131.9 —134.8 —
12.3 12.7 12.0 11.0 11.3 12.0 —
75.0 75.0 75.0 75.0 75.0 75.0 —
0.576 (0.580 0.582 0.579 0.586 0.580 —
878.3 887.5 849.9 835.8 3839 &81.9 —
57.7 62.1 45.5 27.2 69.9 61.0 —
—130.6 —127.5 —156.7 —185.2 —139.0 —137.7 —
13.8 13.8 13.2 134 13.0 13.5 e
7015 72.2 72.4 72.0 71.6 72.6 —
0.568 0.576 0.575 0.550 0.575 0.569 —
924.8 925.2 881.8 891.3 921.0 920.8 —
66.7 68.7 52.1 433 77.8 69.8 103.2
~121.3 —123.6 —146.5 -160.7 -1232 ~127.0 ~102.0
12.3 12.6 11.9 11.2 11.6 12.1 11.8
69.6 71.9 T1.7 71.1 71.3 71.8 71.8
0.584 0.588 0.588 0.581 0.590 0.585 0.591
898.6 904.8 863.5 859.5 9033 899.6 931.7
considerations and perfect climate informa- tfect climate information increases the 1/20

tion, in comparison to the no quality consid-
erations/average climate information scenario,
is an overall increase in average profitability
of $32.4/acre (87%), ranging from $19.6 to
$43.2/acre across varieties and from $21.4 to
$38.2/acre across marketing years.

As to risk, on average for the 11 varieties
across the three premium environments, per-

profit percentile from —$156.6/acre to
—$137.7/acre, given a lack of quality consid-
erations, and from —$134.8/acre to —$127.0/
acre when profits are maximized with regard
to both quantity and quality (Table 1). That is.
the effect of improved climate information on
downside profit risk is substantially more pro-
nounced if cotton quality is ignored when
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Table 2. Average Profits (Ave. TI), Lower 1/20 Percentile of Profits (5%LII), Average lrri-
gation Water Use (Ave. W), and Total Price per Ib of Lint Yield (Tot. Price) (including pre-
miums/discounts) for 11 Varieties Across 86 Historical Climate/Weather Scenarios, under the
1999, 1998, and 1997 Quality Premium/Discount Environments

Variety Vi V2 V3 \Z: V5 Vo6

No Quality Considerations/Average Climate and Weather Information, Year 1999/2000 Quality Premium-
Discount Environment

Ave. [1 -369 -255 -6.1 -40.7 -23.2 15.0
5%1.11 —202.0 —212.3 —196.0 =211.0 —203.3 —154.4
Ave. W 15.0 14.0 15.0 15.0 14.0 12.0
Tot. Price 0.469 0.490 0.486 0.467 0.500 0.515

Quality Considerations/Average Climate and Weather Information, Year 1999/2000 Quality Premium-
Discount Environment

Ave. [T —8.8 —4.3 7.1 -12.4 —9.5 25.5
5%LI1I -160.7 —-182.7 —150.8 —166.7 —179.7 —167.7
Ave. W 12.0 11.0 13.0 12.0 12.0 10.0
Tot. Price 0.503 0.526 0.505 0.502 0.522 0.531

No Quality Considerations/Perfect Climate and Weather Information, Year 1999/2000 Quality Premium-
Discount Environment

Ave. I1 —-0.8 —4.1 19.2 —4.8 —4.8 238
5%LIT —161.1 —202.9 —1525 —166.0 —-193.3 —166.9
Ave. W 13.7 13.3 4.0 13.7 13.5 117
Tot. Price 0.493 0.502 0.503 0.492 0.509 0.514

Quality Considerations/Perfect Climate and Weather Information, Year 1999/2000 Quality Premium-Dis-
count Environment

Ave. Il 10.9 8.6 28.9 7.1 5.9 35.0
5%L.11 —1554 —178.1 —146.8 —159.5 —177.7 —147.0
Ave. W 12.1 11.4 12.6 12.1 12.0 10.7
Tot. Price 0.511 0.527 0.518 0.511 0.528 0.531

No Quality Considerations/Average Climate and Weather Information, Year 1998/1999 Quality Premium-
Discount Environment

Ave. I1 64.4 52.1 82.0 59.0 45.2 83.9
S%LI1 —104.6 —126.9 -94.0 —112.1 —132.1 —104.7
Ave. W 15.0 14.0 15.0 15.0 15.0 12.0
Tot. Price 0.570 0.577 0.575 0.569 0.576 0.590

Quality Considerations/Average Climate and Weather Information, Year 1998/1999 Quality Premium-
Discount Environment

Ave. I1 70.4 57.1 83.5 65.8 52.3 873
5%1.11 —106.0 —132.7 -92.9 —112.6 —129.9 —115.2
Ave. W 13.0 12.0 14.0 13.0 13.0 11.0
Tot. Price 0.581 0.590 0.580 0.580 0.587 0.595

No Quality Considerations/Perfect Climate and Weather Information, Year 1998/1999 Quality Premium-
Discount Environment

Ave. Il 83.3 68.0 95.7 78.8 64.9 95.6
5%LLAI —99.2 —128.8 —90.0 —107.0 —126.6 —107.2
Ave. W 13.9 13.5 14.2 13.9 13.7 12.0

Tot. Price 0.580 0.584 0.583 0.580 0.587 0.590
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V7 V8 \2 V10 Vil Ave Best
—38.5 =315 —38.9 —59.7 —7.8 —26.7 —
—223.8 —-213.7 —212.0 —257.8 —-175.5 —205.6 —
15.0 15.0 14.0 14.0 13.0 142 —
0.479 0.490 0.494 0.464 0.505 0.487
—-12.0 ~-7.6 —18.3 —25.7 6.0 —-54 —
—173.9 —168.1 -192.7 -215.5 —169.1 —-175.2 —
12.0 12.0 11.0 10.0 11.0 11.5 —
0.513 0.520 0.526 (0.523 0.526 0518 —
-3.6 1.2 —-10.3 —-35.1 11.3 —-0.7 —
—-172.2 —-169.9 —198.2 —234.5 —177.8 —181.4 —
13.6 13.6 13.0 13.2 [2.8 13.3 —
0.503 0.511 0.512 0.479 0.513 0.503 —
8.2 10.4 —2.1 —13.2 21.7 11.0 42.5
—157.7 —163.4 —-182.0 —197.3 —159.1 —165.8 ~143.3
2.0 12.3 11.6 10.5 11.2 11.7 11.5
0.522 0.526 0.528 0.521 0.530 0.523 0.528
49.4 52.8 30.1 30.3 58.8 55.8 - —
—124.6 —117.8 -136.9 —150.1 —117.7 —120.1 —_
15.0 15.0 14.0 14.0 14.0 14.4
0.571 0.577 0.578 0.568 0.577 0.575
56.3 58.6 40.3 383 66.8 61.5 —
—122.7 —-119.1 —139.0 —151.1 —-120.8 —-122.0
13.0 13.0 13.0 12.0 12.0 12.6
0.583 0.587 0.584 0.584 0.589 0.586
70.8 72.2 55.0 49.0 80.0 73.9 —
—-117.4 —112.5 —138.1 —-152.1 —120.6 —118.1 —
13.8 13.8 13.3 13.4 13.0 13.5 —
0.583 0.587 0.587 0.577 0.587 0.584 —
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Table 2. (Continued)
Variety Vi

Quality Considerations/Perfect Climate and Weather Information. Year 1998/1999 Quality Premium-Dis-
count Environment

Ave. Il 86.7 71.8 98.6 82.4 67.9 98.5
5%LI -99.2 —1258 -90.0 —106.9 —125.7 -102.0
Ave. W 13.0 125 13.4 2.9 12.8 1.2
Tot. Price 0.586 0.591 0.588 0.587 0.593 0.596

No Quality Considerations/Average Climate and Weather Information, Year 1997/1998 Quality Premium-

Discount Environment

Ave. 1] 96.6 66.0 120.1 86.2 -71.3 124.4
5% —127.0 —175.9 -110.8 —138.7 —165.0 —85.0
Ave. W 15.0 15.0 15.0 15.0 15.0 12.0
Tot. Price 0.603 0.592 0.614 0.597 0.603 0.633

Quality Considerations/Average Climate and Weather Information, Year 1997/1998 Quality Premium-

Discount Environment

Ave. Tl

109.7 95.7 127.1 104.3 -91.4 135.5
5%L11 —R83.7 -121.06 -76.0 -97.2 -117.0 —-102.3
Ave. W 13.0 11.0 13.0 12.0 12.0 10.0
Tot. Price 0.623 0.643 0.632 0.630 0.038 0.653

No Quality Considerations/Perfect Climate and Weather Information, Year 1997/1998 Quality Premium-

Discount Environment

Ave. 1l 122.0 99 .4

138.1 113.9 100.0 138.5
5¢LIT —86.1 —131.9 =774 -97.7 -123.9 -108.9
Ave. W 14.0 13.6 14.3 14.0 13.8 12.2
Tot. Price 0.619 0.615 0.625 0.616 0.623 0.633

Quality Considerations/Perfect Climate and Weather Information, Year 1997/1998 Quality Premium-Dis-

count Environment
Ave. Il

131.8 113.4 146.5 125.7 110.8 148.5
5% -81.5 —-115.0 —73.3 —89.2 —113.6 —78.1
Ave. W 12.6 11.6 13.0 12.3 12.2 10.6
Tot. Price 0.636 0.642 0.641 0.637 0.644 0.652

making input-use decisions. Also on the av-
erage, under the average climate information
scenario, quality considerations increase (he
1720 profit percentile from —$156.6/acre to
—$134.8/acre and from —$137.7/acre to
—$127/acre when availability and use of per-
fect climate information are assumed.

The combined effect of quality consider-
ations and perfect climate information is an
overall decrease in downward profit risk of
$29.6/acre (19%), ranging from $5.7/acre to
$48/acre across varieties and from $4.1/acre to
$44 8/acre across market environments, which
suggests that the degree risk reduction varies
widely depending on the variety planted and

on the prevailing market conditions. Regard-
less, it is clear that even under this most op-
timistic scenario, cotton production in the Tex-
as High Plains remains subject to a substantial
level of climate-related risk.

When profits are maximized without regard
to quality, perfect climate information reduces
optimal irrigation water use across all market
environments evaluated and all but one of the
varieties in the analysis, from an average of
i4.4 to 13.5 in. The cross-variety average re-
duction (0.9 in.) is the same under all three
premium environments evaluated (Table 2).
Given quality considerations, however, perfect
climate information does not show a substan-
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Table 2. (Continued) (Extended)
V7 V38 V9 V10 Vil Ave. Best
74.3 74.7 57.5 54.4 82.9 77.2 108.0
1144 =112.5 —136.1 —147.0 -1159 —116.0 —90.0
12.8 13.0 124 12.0 12.1 12.6 12.1
0.590 0.592 0.592 0.588 0.593 0.590 0.594
75.6 86.6 67.4 29.6 89.4 83.0 —
—159.6 —-139.6 —1394 —-216.8 —126.5 —144.0 —
15.0 15.0 14.0 15.0 14.0 14.5 —
0.598 0.612 0.613 0.565 0.609 0.603 —
94.9 99.7 81.2 70.3 110.2 101.8 —
-109.6 -97.2 —124.4 —145.5 -105.9 -107.3 —
12.0 13.0 12.0 11.0 11.0 11.8 —
0.633 0.632 0.636 0.629 0.644 0.636 —
105.9 112.8 91.7 67.7 118.3 109.9 —
—-102.2 - 100.0 —-133.8 —-168.9 —-118.7 —113.6 ——
13.9 13.9 13.4 13.6 13.2 13.6 —
0.618 0.629 0.626 0.593 0.626 0.620 —
117.6 121.1 101.0 88.6 128.7 121.2 159.0
-91.8 —95.0 —121.5 —137.9 —94.6 —-99.2 —72.8
12.2 12.6 11.8 11.0 11.4 11.9 11.7
0.641 0.645 0.644 0.634 0.646 0.642 0.650

tial effect on irrigation water use on the av-
erage or for particular varieties or market en-
vironments (Tables 1 and 2).

Quality considerations, on the other hand,
result in substantial reductions in irrigation
water use, regardless of the climate informa-
tion scenario being assumed. The average re-
duction across varieties and premium regimes
is from 14.4 to 12.0 in. under average infor-
mation and from 13.5 to 12.1 in. under perfect
climate information (Table |). The magnitudes
of these reductions are fairly consistent across
varieties and market environments (Table 2).

With regard to the previously discussed
concern about an overestimation of the MPP,,
at high rainfall levels. note that this 12.1 acre-

inch 86-year average optimal irrigation water
is lower than the observed average use of
about 15 in. in the Texas High Plains (Johnson
and Segarra). Under the quality consider-
ations/perfect climate information scenario,
optimal water use only reaches the enforced
15-in. limit 6 out of 86 years and at very low
rainfall levels of between 3.9 and 7.1 acre-
inches, for an average total (rainfall plus irri-
gation) water use of 21.6 in. At the six highest
rainfall levels observed, ranging from 14.9 to
22.4 in., optimal irrigation water use only av-
erages 8.8 in., and total (rainfall plus irriga-
tion) water averages 26.6 in., in comparison
with the commonly recommended total water
use of 25-30 in. (Johnson and Segarra). In
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short, it appears that the estimated models are
well calibrated, because they result in reason-
able optimal irrigation levels within the ob-
served range of rainfall.

The fact that quality considerations could
notably decrease irrigation water use is a rel-
evant empirical finding for the Texas High
Plains, where water is pumped from the south-
ern tip of the Ogallala Aquiter. The saturated
thickness level of this section of the aquifer
has decreased substantially during the past 50
years because of increased irrigated crop pro-
duction combined with sparse rainfall and a
limited recharge capability. Although more ef-
ficient irrigation technologies have helped sta-
bilize the rate of decline during the 1980s and
1990s, aquiter depletion continues to be a ma-
jor concern for the regional agricultural indus-
try and local and state policy makers (Stovall,
Rainwater, and Frailey). At the most recent ir-
rigated cotton plantings of about 2 million
acres (TASS), a 2.5 acre-inch overall reduc-
tion in irrigation water use would save 5 mil-
lion acre-inches per season, in comparison to
the estimated year 2000 net rate of aquifer de-
pletion of 12.9 million acre-inches (Stovall,
Rainwater, and Frailey).

In contrast. quality considerations do not
affect phosphorus application rates under the
average climate information scenario and, giv-
en perfect information, only reduce them from
the allowed maximum of 75 lbs/acre by an
overall average of 0.8 Ibs/acre (1.19%) (Table
). The availability and use of perfect versus
average climate information results in higher,
but still minor, overall average reductions in
phosphorus application of 3.2 and 2.4 lbs/acre
under quality and no quality considerations.

As expected, quality considerations sub-
stantially increase the premiums across all va-
rieties and market environments evaluated, re-
sulting in higher total prices. Under the
average climate information scenario, the total
price increases average 2.5 cents/lb (4.5%)
and range from 1.4 to 4.7 cents/lb across va-
rieties and from to 1.1 cents/lb to 3.3 cents/lb
depending on the market environment. Under
the perfect climate information scenario, the
total price increases average 1.6 cents/lb
(2.8%) and range from 1.2 to 3.1 cents/lb
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across varieties and from 0.6 cents/Ib to 2.2
cents/lb depending on the market environ-
ment.

These relatively pronounced premium in-
creases mean that a markedly higher quality
of cotton would be produced in the Texas
High Plains, which historically accounts for
about 20% of U.S. production. This would
benefit High Plains farmers and the entire U.S.
cotton industry as well. Perfect climate infor-
mation increases the overall average price by
1.4 cents/lb (2.5%) under no quality consid-
erations and by 0.5 cents/lb (0.9%) when qual-
ity is taken into account in the profit-maxi-
mizing input use decisions, which suggests a
moderate increase in the quality of the cotton
produced. Also as expected. profit maximiza-
tion under quality considerations results in
10-60 Ibs/acre lower average lint yields across
all of the varieties and market environments
evaluated (Table 2). At yields averaging from
about 800-1000 Ibs/acre, the previously dis-
cussed total price increases coupled with the
$10/acre to $15/acre cost savings from re-
duced irrigation water offset these lint yield
reductions and explain the previously dis-
cussed gains in average profitability due to
quality considerations.

Interestingly, under no quality consider-
ations, perfect climate information only shows
a minimal positive effect on overall average
lint yields (Table 2), which is ambiguous in
sign across the 11 varieties evaluated. Given
quality considerations, the effect is unambig-
uously positive across all varieties and market
environments evaluated but still moderate in
magnitude (17.7 Ibs/acre, 2%).

The economic analyses also suggest that
variety selection is important and that it inter-
acts with quality considerations and climate
information. Regardless of the marketing en-
vironment and of the quality considerations/
climate information scenario being assumed,
appropriate variety selection substantially in-
creases average profitability and reduces risk
in comparison to the cross-variety averages
and even more drastically in relation to the
worse performing varieties.

Under the 1999/2000 market environment
and the baseline scenario of no quality consid-
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erations/average information. HOL 338 (V6)
produces substantially higher 86-year average
profits ($15/acre) and lower risk (5%LIT =
—$154.4/ acre) than all other varieties (Table
2). Given quality considerations/average cli-
mate information, HOL 338 still produces the
highest average profits, which are increased to
$25.5/acre, but risk is also increased (5%LII
= —$167.7/ acre). Delta Pine 2156 (V3) pre-
sents the second highest average profits ($7.1/
acre) and the lowest risk measure (5%LII =
—$150.8/ acre). Trrigation water use is reduced
by 2 acre-inches, and the total price increased
by 1.9 (V3) and 1.6 (V6) cents/lb.

Under the ideal quality considerations/per-
fect climate information scenario, both HOL
338 and Delta Pine 2156 show still higher av-
erage profitability ($35/acre and $28.9/acre)
and lower, nearly identical risk measures
(5%LIL = —$147/acre and 5%LI1 = —$146.8/
acre). Other varieties. however, produce higher
profits during some of the 86 rainfall-heat-unit
combinations used in the analysis. Therefore,
given perfect climate information, it would be
possible to further increase average profits to
$42.5/acre by planting the variety that will
perform best under the predicted climate. Av-
erage irrigation water use would be 11.5 acre-
inches and total price 52.8 cents/lb versus the
cross variety average of 14.2 in. and 48.7
cents/lIb under the baseline no quality consid-
erations/average climate information scenario.

Similar results are observed under the
1997/1998 premium environment (Table 2).
Comparison of the baseline to the quality con-
siderations/average climate information sce-
nario reveals significant average profit increas-
es for both HOL 338 and Delta Pine 2156
(from $124.4/acre and $120.1/acre, to $135.5/
acre and 127.1/acre), the development of a
risk-return tradeoft (5%LII = —$102.3/acre
vs. S%LIT = —$76.0/acre), a 2 acre-inch re-
duction in irrigation water use, and substan-
tially (1.8 cents/lb and 2.0 cents/lb) higher to-
tal prices.

Additional average profit increases (to
$148.5/acre and $146.5/acre) and risk measure
decreases are found under the ideal quality
considerations/perfect climate information
scenario. The “best-performing” variety sce-
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nario produces still higher average profits of
$159/acre and the lowest possible risk (5%LII
= —$72.8/acre) at an average irrigation water
use of 11.7 in. and total price of 65.0 cents/
Ib, in comparison to a cross-variety average of
14.5 in. and 60.3 cents/lb under the baseline
scenario.

Under the quality premium environment
prevailing during the 1998/1999 marketing
season, however, Delta Pine 2156 could be
preferred to HOL 338 on the basis of similar
average profits but consistently lower risk
measures. Under either variety, quality consid-
erations only show marginal increases in av-
erage profitability and little impact on risk. I~
rigation water use is still decreased but by less
than | in., on average, whereas the total price
only increases by 0.5-0.6 cents/lb. However,
because of the effect of improved weather in-
formation, both of these varieties show sub-
stantially higher average profitability ($98.6/
acre and $98.5/acre) and marginally lower risk
under the quality considerations/perfect
weather information scenario than under the
baseline ($82.2/acre and $83.9/acre). Water
use is reduced by 1.6 and 0.8 in., whereas
price increases by 1.3 and 0.6 cents/Ib. The
“best-performing’” variety scenario yields still
higher average profits of $108/acre and the
lowest possible risk (5%LIT = —$90.0/acre) at
an average irrigation water use of 12.1 in. and
total price of 59.4 cents/Ib, in comparison to
a cross-variety average of 14.4 in. and 57.5
cents/lb in the baseline scenario.

Two final comments about the previously
discussed results are in order. First, the profit
levels reported above are subject to the aver-
age (800-950 Ibs/acre) yields entering the
analysis. Many farms in the Texas High Plains
do not attain such high average yield levels.
Nevertheless, the differences in the estimated
profits across the scenarios evaluated should
be generally indicative of what would happen
at somewhat different yield levels. Second, the
measures of risk are only in relation to yield
variability caused by climate uncertainty,
which is one of the main concerns of this
study. These measures underestimate the ac-
tual level of downward profit variation expe-
rienced by cotton producers, which is exacer-
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bated by other sources of yield variability as
well as by price uncertainty.
Concluding Remarks

A main contribution of this research is to
quantify the impact of irrigation water/nitro-
gen and phosphorous fertilizer use on the three
major cotton lint quality attributes. The pre-
dicted differences in quality resulting from
changes in variety selection, water/nitrogen
and phosphorous fertilizer use. or the prevail-
ing climate are large enough to trigger consid-
erable premiums under the current cotton
pricing system. Substantial agronomic man-
agement tradeoffs between lint yields and
quality are also identified. Theoretically, it is
clear that profit maximizing variety and input
use decisions incorporating quality consider-
ations and perfect climate information should
increase profitability and reduce risk as mea-
sured in this study. The question is whether
the expected profit increases and risk reduc-
tions due to quality considerations and/or to
the availability and use of improved climate
information could be substantial in practice.
Another important question is the potential ef-
fect of quality considerations and climate in-
formation on irrigation water use and the qual-
ity of the cotton produced.

It is concluded that, on average, under the
three most recent marketing season base price
and quality premium/discount environments
and 11 varieties that are commonly planted in
the Texas High Plains. quality considerations
could have an empirically meaningful impact
on increasing profitability and reducing cli-
mate-related risk, regardless of the climate in-
formation availability/use assumption. They
would also result in considerably lower levels
of irrigation water use and a markedly higher
quality in the cotton produced. These changes,
however. are measured from a baseline of no
quality considerations. In practice, producers
might already be making some experience-
based quality considerations in their variety
and input-used decisions. Also (on average), it
is concluded that the availability and use of
improved climate information for making va-
riety and input use decisions could substan-
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tially increase profitability and reduce risk, re-
gardless of the quality consideration
assumption.

The impact of improved climate informa-
tion on irrigation water use and cotton quality
is predicted to be relatively small. Again, this
is from a baseline of decision-making that as-
sumes long-term average climate versus actual
climate (i.e., perfect climate information). In
practice, farmers probably plan for the average
but adjust input use (particularly irrigation wa-
ter) throughout the season depending on the
observed weather. In addition, although quite
accurate 1-2-week weather forecasts are fea-
sible, perfect climate forecasts are unlikely in
the foreseeable future. Nevertheless, the re-
sults of this study indicate that quality consid-
erations and the availability and use of im-
proved climatic and weather information for
variety and input use decisions through profit-
maximizing production economics models that
involve marketing season price and premium/
discount predictions could be an important el-
ement in the more efficient precision-managed
cotton production systems of the future, which
would be needed to maintain the competitive-
ness of U.S. agriculture.

A final note of caution about the models
estimated in this study: although the models
and related inferences are statistically sound,
they are based on 3 years of experimental data
from Lubbock County. The yield and quality
predictions from these models are imperfect
because of the usual “random™ error—i.e., the
effect of factors not included in the models.
When applied in farm management decisions,
the predictions would also be subject to “‘ex-
trapolation” error caused by any major differ-
ence between the experimental site/manage-
ment and the farm site/management.
Reestimating the models on the basis of an
expanded data set that includes future-year ob-
servations from other Texas High Plains cot-
ton-farming areas could reduce this extrapo-
lation error. Similar models could be estimated
and eventually used for farm-level decision
making in the other three major cotton-pro-
ducing areas of the United States.

[Received July 2001; Accepted May 20602.]
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Appendix. Parameter Estimates for the Lint Yield, Seed Yield, and Turnout Models; and the
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Micronaire, Staple Length, and Strength Modecls

Lint Yield Sced Yield Turnout
INT 458.7779 INT 733.2518 INT 21.6349
HU —0.2827 HU —0.5306 HU —0.002421
RF 28.3380 RF 47.6051 RF 1.1817
V2 -45.1264 Vio 144.3402 V2 —1.07183
V5 —33.9054 Vil 233.3580 V4 0.7608
A% ~35.5474 WAT 28.5180 Vs - 1.0581
Vil 105.6622 WAT?2 -4.5029 Vo6 0.7429
WAT?2 —2.6676 TPH —9.3998 V7 0.7866
TPH —7.6505 TPH2 —0.2823 V10 —2.4316
TPH2 —-0.16003 TPH3 0.001948 VIl —0.6817
TPH3 0.001067 TPHWAT 0.8164 TPH —0.1281
TPHWAT 0.4427 FIUWAT 0.09695 TPH2 0.002373
HUWAT 0.06864 RFWAT ~3.4243 TPH3 —0.00001717
REWAT —2.4027 RETPH 2.2293 TPHWAT —0.007562
HUTPH 0.001122 V6TPH 3.8590 HUWAT 0.0003198
RFTPH 1.4730 VOWAT —22.9893 RFWAT —0.06871
V2TPH 0.8735 VIOWAYT —19.9597 HUTPH 0.0001203
V6TPH 3.2029 VIIWAT —21.393] RFTPH —0.004842
VTTPH —0.5118 V2TPH 0.03387
V2WAT —5.7029 V6TPH 0.02119
VAWAT —1.5396 V7TPH —0.02602
VSWAT —2.5198 V8TPH —0.02162
VOWAT —17.9498 VIOTPH —0.01145
VOWAT —6.5770 VIITPH —0.01394
VIOWAT —5.7234 V2ZWAT —0.1019
VIIWAT —10.03166 V3WAT 0.1964
VOWAT —0.1925
VOWAT —0.1017
VIOWAT 0.1839
VIIWAT 0.1288
R? = 68.4% R = 68.7% R* = 41.4%
Micronaire Staple Length Strength
INT 5.9495 INT 1.01287 INT 19.1016
HU 0.002375 HU 0.00004719 HU 0.006093
V2 —0.3508 V2 0.03358 RF 0.4129
V4 0.3744 V3 —0.05935 V2 -0.7711
V5 —0.2120 V8 0.03989 V3 —4.0935
V7 0.2530 V10 0.06808 \Al —1.9683
V9 —0.1936 WAT 0.02105 Vo6 —2.2146
V1o —0.5621 WAT?2 0.0004216 V7 —0.8857
Vil —0.2534 TPH —0.0009678 V9 —1.5564
WAT?2 - 0.05151 HUWAT —0.00001249 V10 —2.4662
WAT3 0.001592 RFWAT —0.001726 \AR —2.2344
TPH —0.02991 RFTPH 0.0001628 WAT 1.1686
TPHWAT —0.0005341 V2TPH —0.0005609 WAT?2 —0.1105
HUWAT 0.0003170 V2WAT 0.008310 WAT3 0.004560
HUTPH 0.00002853% VIWAT 0.008484 TPH2 0.0004456
RETPH 0.0008320 V5WAT 0.006715 TPHWAT -0.002613
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Appendix. (Continued)

Micronaire Staple Length Strength
VATPH —0.006329 VOWAT 0.005291 RFWAT —0.1129
V7TPH —0.006318 VIWAT 0.003435 HUTPH —0.00004532
VOWAT —-0.02474 VOWAT 0.004991 RFTPH 0.01051
VIOWAT 0.007070 V2TPH —0.03140
VIIWAT 0.005821 V4TPH 0.01371
VETPH -0.0216
VI9TPH —0.03711
V10TPH —0.03537
VIITPH —0.03578
V2WAT 0.4399
V3IWAT 0.2136
V5WAT 0.3361
VOWAT 0.3742
VIWAT 0.1573
VEWAT 0.1984
VOWAT 0.3657
VIOWAT 0.5639
VIIWAT 0.4196
R* = 30.4% R = 37.1% R? = 40.6%

Note: All parameters in the final models above are statistically significant at the 10% level according to two-tailed
Student’s t tests, except those in boldtace type. which are only significant at the 20% level.





