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Historical Impacts of Precipitation and

Temperature on Farm Production in Kansas

David K. Lambert

We quantify weather effects on output and incomes for a panel of Kansas farmers. The effects
of weather are largely asymmetric with negative temperature and precipitation values af-
fecting output and income differently than above average observations. Precipitation effects
depend on timing and seasonal averages. The number of days exceeding 32.2°C (i.e., the
‘‘hot’’ years) negatively impacts production and income measures, although the impact is
positive for crop output in the cooler years. The results indicate the importance of including
weather in predicting output and income and designing risk management instruments to
mitigate weather trends and variability.

Key Words: agricultural production, climate change, weather impacts
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Agricultural production depends on weather.

Rainfall can either encourage growth or dev-

astate crops. Cool temperatures and springtime

rains can hinder planting and seed growth, just

as hot temperatures and drought can adversely

stunt growth or kill mature plants later in the

growing season. Drought can reduce livestock

output, either directly through poor animal

performance or indirectly through impacts on

forage and feed production. Uncommonly mild

winters can allow pests to overwinter and

negatively affect crop production. Weather var-

iations and climate changes have long affected

agricultural output and planting decisions. For

example, the gradual conversion from wheat to

barley in Mesopotamia 6000 years ago has been

attributed to a warming, drier climate (Denison,

2012). With predictions of higher temperatures,

changes in precipitation patterns, and possibly

greater chances of extreme weather events asso-

ciated with global climate change, understanding

the production impacts of historical weather

fluctuations can provide insight on future crop

and livestock production.

The intent of this research is to assess crop

and livestock output and income measures for

a panel of Kansas farmers between 1993 and

2011.1 In addition to changes in agricultural in-

puts, variations in precipitation and temperature

are hypothesized to encourage or reduce agri-

cultural output. Farm production results from
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technological relationships between outputs and

controllable and uncontrollable farm inputs. Al-

though gradual changes affect decisions, planned

inputs and expected output are presumed to

change little in the short run. Significant varia-

tion in observed output can occur, however, as

a result of environmental factors such as pre-

cipitation and temperature. We find the effects of

weather variation to be significant and largely

asymmetric with crop and livestock production

showing different responses to weather variations

below and above local averages. Precipitation is

associated with both positive and negative

production effects depending on timing and

deviation from long-run averages. Higher than

average temperatures negatively impact crop

production, yet increases in days over the

threshold of 32.2°C have a positive impact on

crop production in years in which this measure

is below trend. Model results find a symmetric

effect of this temperature measure on livestock

production, however, with the impact of in-

creasing the number of days over the 32.2°C

threshold being negatively associated with

output. This temperature measure similarly

has a negative and symmetric impact on both

the value of farm production and net farm

income.

The results do indicate that precipitation

and temperature have significant effects on

agricultural production and farm income. The

effects on production are somewhat expected:

in general, too much precipitation and too

many days over the temperature threshold

negatively affect production, especially with

respect to crop output. Equally statistically

significant are the effects of weather on the

overall value of farm production and net in-

come. The signs of these income impacts are

generally the same as those of the production

models, indicating generally that income falls

when output falls and vice versa.

Great Plains Weather—Background

The Great Plains of the United States have

a long history of agricultural output variability.

Severe winters in 1886 and 1887 decimated

livestock herds. The agricultural impacts of the

dry, hot, and windy Dust Bowl years from

1932–1938 are immortalized in professional

papers (Hornbeck, 2012), popular books (Egan,

2006), and documentaries (Burns, 2012). The

Dust Bowl region of the Plains provides an

example of bountiful yields from agricultural

practices designed for favorable conditions

all but disappearing when temperatures, pre-

cipitation, and winds deviate from a few pro-

pitious years. More recently, the droughts

affecting much of the Plains in 2011 and 2012

reduced average crop yields and limited live-

stock pasture and feed supplies. The 2011

drought resulted in an overall loss in the

Southern Plains and the Southwest of an esti-

mated $10 billion (National Climatic Data

Center, 2014). Forecasts of continued hotter

and perhaps drier conditions, coupled with in-

creasing extreme weather events and declining

supplies of groundwater supporting irrigated

agriculture, imperil farmers, communities, and

potentially regional economies throughout the

Plains.

Current observations of climate variation

reflect extremes now affecting global agri-

culture. Increasing droughts, temperature in-

creases, and flooding exceeding historical

levels are already being observed and underlie

current calls to mitigate release of materials

such as greenhouse gases deemed responsible

for these variations and adaptations that should

be undertaken to mitigate future effects on

businesses and people (Risky Business Project,

2014). Sir Nicholas Stern (2013) assesses the

importance of increasing risk in a variety of

affected economic sectors such as agriculture

and energy and how the reliance of scientific

and economic models on continuous variables

can miss the potential role of noncontinuous

jumps in environmental factors. Kousky (2013)

provides further evidence of the jump in eco-

nomic disaster costs from nonlinear weather

effects resulting from discrete changes in

the incidence of major weather extremes.

Schlenker and Roberts’ (2009) investigation

shows temperature nonlinearities having ma-

jor impacts on crop productivity such as days

over 30°C rather than a continuous tempera-

ture variable. Studies such as Schlenker and

Roberts and Kousky provide empirical evidence

of the importance of including environmental
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shocks in assessing the economic effects of cli-

mate change.

Figure1illustratesEconomicResearchService-

compiled output indices for crops and for

livestock and products from 1993–2011. This

figure demonstrates the year-to-year variation

in output across the United States, attributable

at least in part toweather variations. Variability

is slightly greater for crop than for livestock

and livestock products output: the crop co-

efficient of variation is 0.074, whereas the

livestock output coefficient of variation is 0.051.

As output measures become more localized,

such that state-level rather than continent-wide

weather variations affect farm production,

there can be increasing variability in output.

Figure 2 illustrates total crop and livestock output

values for the Kansas Farm Management Asso-

ciation (KFMA) sample farmers.2 There is

considerable year-to-year variability in ob-

served output. The coefficients of variation

(CoV) reflect this greater level of localized

variability with the crop output CoV equal to

0.205 and livestock output CoVequal to 0.139.

The recent report on climate change impacts in

the United States (Shafer et al., 2014) contains

many references to the influence of past

weather on Great Plains (including Kansas)

agriculture along with predictions of future

sectoral characteristics under changing cli-

mate conditions.

Analyses of a changing climate on global

agricultural production generally predict re-

ductions in output as temperatures climb and

extreme weather events change in number and

intensity. This research does not incorporate

future weather predications, but instead docu-

ments the effects of observed weather patterns on

agricultural production and income in Kansas.

Production effects as well as the weather variables

themselves affect production asymmetrically. Al-

though some researchers expect short-run gains in

crop productivity (Parry et al., 2004; Schlenker

and Roberts, 2009), others find that crop yields are

already declining resulting from climate change

(Lobell and Field, 2007; Lobell, Schlenker, and

Costa-Roberts, 2011). In estimating impacts on

U.S. corn yields and profits, Burke et al. (2011)

predict both yields and profits will decline under

the range of predicted climate change scenarios

currently postulated for the United States in the

middle of the 21st century.

Uncertainty about production effects arises

from the uncertainties of future precipitation

and temperature as well as the occurrence and

effects of weather extremes and changes in

such atmospheric conditions as CO2 concen-

trations (Adams et al., 1995; Burke et al., 2011).

For example, Beach, Thomson, and McCarl

(2010) projected increasing, decreasing, and

unchanged national crop yields depending on

crop. Furthermore, farmer adjustments to annual

weather fluctuations such as several years of

drought or hotter than average years may differ

from longer-term adaptation to a changing cli-

mate. One recourse to the latter change men-

tioned by some authors is a greater reliance on

developing irrigated acreage (Izaurralde et al.,

2011; Malcolm et al., 2012; Sands and Edmonds,

2005). However, given growing conflicts over

water use among agriculture, municipal, and in-

dustrial water users, plus uncertain future water

supplies under a range of possible future cli-

mates, such adaptations may be implausible

(The Economist, 2013). Resource constraints are

addressed in Schlenker et al. (2007) and in a re-

cent paper on the changing capitalized value of

a declining source of groundwater underlying

much of the Plains, the Ogallala aquifer (Horn-

beck and Keskin, 2014).

A common approach to estimating crop and

livestock production models is to focus on

single output production functions. Because of

the focus of these studies, interest is primarily

focused on mapping controllable inputs such as

fertilizer or applied water to output. In many

cases, the important role of weather is assumed

away. For example, DiFalco and Chavas (2006)

consider farmer-determined inputs such as crop

genetic diversity, fertilizer, and pesticides in

estimating moments of durum production dis-

tributions in Sicily. Although temperature and

precipitation varied spatially and temporally in

the sample, only the unchanging fixed effect of

farm altitude was considered as a proxy for

weather variability. Tack, Harri, and Coble (2012)
2 Farm crop and livestock observations equal to

zero were excluded from the aggregation.
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explicitly consider temperature and precipitation

in their analysis of historical cotton yields in

Arkansas, Mississippi, and Texas. Their results

varied by state, but generally found statistically

significant and negative relationships between

high temperatures and yield and, in Texas,

a positive influence of rainfall on cotton yields.

Although informative for determining the

impacts of weather on yield, focus on a single

crop fails to capture farmer adaptation to

changing market or environmental conditions.

Adaptations might include changes in cultural

practice or in output mix. For example, Ding,

Schoengold, and Tsegaye (2009) find farmers

adopt no-tillage practices more quickly in drought

years. Farmers in states experiencing drought

(Nebraska, South Dakota, and Kansas) reflected

a greater adoption rate of no-till practices (67%)

than farmers in states with similar agronomic

areas while having more benign weather between

1998 and 2007 (38% adoption). As we find in this

analysis, Ding, Schoengold, and Tsegaye’s results

are asymmetric with farmer adoption behavior not

changing in wetter years. Relevant to changing

weather conditions, the authors found producers

may shift from corn to sorghum under drier con-

ditions, because sorghum is more tolerant of lower

rainfall and higher temperatures. Crop yield

production functions will not capture these

cropping mix or cultural change practices, thus

perhaps overestimating the effects of environ-

mental change. Consideration of farmer

Figure 1. All Crop and All Livestock and Product Output Indices for U.S. Agriculture (Source:

Economic Research Service Productivity Indices)
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adaptations led Deschenes and Greenstone

(2007) to measure the county effects of rainfall

and temperature variations using neither the

single crop production function nor the oft-

used hedonic agricultural land price model, but

instead using weather impacts on county agri-

cultural profits that incorporate farmer re-

sponses to historical patterns of weather

variability.

This research is not forward-looking in the

sense that forecasts of future farm output under

changing climate conditions are provided. In-

stead, we describe what did happen on a sample

of Kansas farms using historical observations.

We find that in-season precipitation and the

number of days that exceed a threshold of

32.2°C have historically affected Kansas crop

and livestock production. State-level aggre-

gates of these weather variables indicate a de-

clining trend in precipitation and an increase in

the number of days exceeding 32.2°C between

1993 and 2011. During the 19-year study pe-

riod, the effects of weather variability are found

to be significant on the 331 farms included in

the panel. We offer farm-level estimates of the

effects on observed production and income

Figure 2. Crop and Livestock Output (normalized to 2005 values) for the sample of Kansas Farm

Management Association (KFMA) farms, 1993–2011 (Source: KFMA farm data)
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levels of precipitation and temperature. The

next section of the article provides detail on the

conceptual model underlying the empirical

approach. The third section describes the farm-

level KFMA and weather data used in the panel

estimation. The fourth section discusses model

estimation results, including weather impacts.

Concluding arguments summarize the re-

search findings and suggest future directions

for analyzing farm adjustments to changing

weather.

The Modeling Approach

Kansas producers manage multiple crop and

livestock enterprises. For the sample, crop

production is the primary output, being non-

zero for 6247 of the total 6289 observations

(331 farms � 19 years). Although important,

livestock production was nonzero for a smaller

share (4690 of 6289) of the total observations.

Nearly 96% of the livestock value of pro-

duction resulted from beef enterprises (dif-

ferentiated from dairy and swine in the

sample).

Farm outputs, inputs, financial perfor-

mance measures, and weather variables en-

tered the model as percentage deviations from

each farm’s average values. Normalization

measured deviations from farm-specific aver-

age values. Expressing deviations as percentage

changes from the long-term average re-

moved problems such as scale of farm or

differences in climatic zone. Variables zijt were

percentage variations for farm i for factor j

equaling crop or livestock output, the two fi-

nancial variables (net farm income and value of

farm production), for one of the farm inputs or

for one of the weather variables at time t. For

each variable, panel estimation was conducted

to determine farm average values, or Zijt 5 eijt

+ mij, where uij is farm i’s specific fixed effect

for j.

Percentage deviations were then calcu-

lated based on the fixed effect models, or

zijt 5 ðZijt � mijÞ=mij. The resulting two esti-

mation equations relating crop (j 5 1) and

livestock (j 5 2) percentage output de-

viations y to variations in farm inputs xikt and

weather effects wikt were:

(1) yijt 5 }0 1
Xn

k51

bkxikt 1
Xp

k51

gkwikt 1 mi 1 eit.

Subscripts represent observations for farm i in

year t for inputs xk and for weather variables wk.

Panel fixed effects are included and estimated as

the error term, mi, or the fixed effects associated

with farm i. The panel data also included the

model three, the value of farm production, and

model four, net farm income, for each farm for

each year. The effects of weather variability on

financial measures (Incijy 5 value of farm

production or net farm income) was estimated

using the panel model:

(2) Incijt 5 }0 1
Xp

k51

gkwikt 1 mi 1 eit.

Use of panel versus a pooled time series model

assumes that the farm fixed effects variables, ui,

were different across the panel. The alternative

hypothesis is that these fixed effects were not

statistically significant. An F-test is conducted

for each estimation (models one through four).

For the crop and for the two income models, we

could not reject the null hypothesis of identical

(and equal to zero) farm fixed effects. Hence,

final estimation was conducted using ordinary

least squares. The hypothesis of insignificant

panel effects was rejected for the livestock

output model, and hence parameter estimates

derive from the fixed effects, unbalanced

panel estimation. Stochastic errors are expec-

ted to be centered around zero, or E(eit) 5 0.

Furthermore, model errors are expected to be

uncorrelated over time, so that E(eiteis) 5 zero

for time period s 6¼ t. Finally, cross-farm

correlations are assumed independent, or

E(eitejt) 5 0.

Although the time span was relatively short

(T 5 19 years), the percentage variation vari-

ables for the 331 panels were tested for statio-

narity using the Im, Pesaran, and Shin (2003)

panel root-testing procedures. The null hy-

potheses for the test is that all of the panels (for

each variable tested individually) contain unit

roots versus the alternative hypothesis that

some panels are stationary. For all of the vari-

ables listed in Tables 3 and 4, results from the

Im, Pesaran, and Shin test indicated rejection
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of the null hypothesis with one exception. For

the variable measuring deviations from farm

average for other purchased inputs (‘‘other’’ in

Table 3), we could not reject the null. How-

ever, because we rejected unit roots in all of

the other variables, no additional adjustments

in the independent variable other were used.

Farm and County Weather Data

Farm data have been collected annually from

members of the KFMA since the Association’s

start in 1931. Members participate, at least in

part, because of the economic analysis of their

operations delivered by KFMA economists lo-

cated in each of the six statewide associations.

In addition to the individual member analy-

ses, the collected data have long served as a

valuable research tool. KFMA data have

formed the empirical base for studies into

factors affecting individual farm performance

(Bierlen and Featherstone, 1998; Yeager and

Langemeier, 2013).

Michael Langemeier provided a cleaned set

of data for 331 KFMA farm members split

among the six statewide KFMA associations.

Association boundaries roughly correspond to

dividing the state into six regions with, for

example, the Northwest association encom-

passing member farms in the northeast sixth of

the state. Input and output quantity data and

both value of farm production (VFP) and real

net farm income (NFI) values for 1993–2011

for each of the 331 farms formed the basis for

estimation of equations (1) and (2).

Summary data for each of the six regions are

in Table 1. Outputs y are indices of crop and

livestock quantities, respectively. Agricultural

inputs x are quantity indices for hired labor,

crop inputs (seed, fertilizer, herbicides and in-

secticides, crop marketing and storage ex-

penses, and crop insurance expenses), fuel and

energy, livestock inputs (e.g., dairy expenses,

purchased feed, veterinarian expenses, live-

stock marketing expenses, and breeding costs),

and other inputs (repairs, machine hire, general

farm insurance, property taxes, organization

fees, conservation, interest, farm rents, and

opportunity costs of equity). Data summaries

represent the entire group of sampled farms in T
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b
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each association and thus do not represent an

average for any particular farm. Annual ob-

servations for 19 years are available for each

farm, resulting in a total number of observa-

tions of 6289. It must also be stressed that the

group of KFMA members may, or may not, be

indicative of the entire population of Kansas

agricultural producers, a common caveat used

when using records from a sample of farm as-

sociation members. Our conclusions thus apply

to the 331 farmers composing our 19-year

panel.

Weather variables were included as exoge-

nous factors affecting farm production. Farm

and field weather data would be ideal, but

precipitation and temperature data were only

available at the county level using ground sta-

tion data. In a few cases, station weather vari-

ables were missing for some months. In these

cases, an average value for the variable of in-

terest was calculated from stations in other

counties within the same KFMA association

region. Three variables represent precipitation

with three time periods specified for January

through April, May through July, and August

through October. This temporal division

roughly corresponds to the early season, when

soil moisture conditions for crops planted in the

spring are being determined and, in the cases of

winter wheat crops, the period of both plant

foliage growth and soil moisture determination.

The second period corresponds to early growth

of spring-planted crops as well as final seed

development and, in some parts of the state,

winter wheat harvest. The third time period

corresponds to further foliage growth, seed

development, and harvest of spring-planted

annual crops. Such clear delineation through-

out the production year cannot be applied to

livestock production, although rainfall periods

do correspond to hay and pasture production as

well as livestock production characteristics for

range animals (for example, spring calving

might be affected by period one precipitation).

Table 2 presents the aggregate weather values

for the state and for the individual KFMA

regions.

Data Trends and Estimation Results

Crop output has shown an average increase of

approximately 1.8% (t-statistic 5 22.00) per

year for these 331 farms over 19 years. Con-

versely, livestock output for those farms report-

ing livestock production has declined 2.4%

(t-statistic 5 –8.18) per year over the sample.

Both trends are statistically significant. Both

trends, however, mask significant year-to-year

variation.

Trend estimates resulted from panel esti-

mation for those farms and years in which crop

and/or livestock production values were non-

zero. The crop and livestock deviation mea-

sures were next regressed on dummy variables

for each year in the sample (1993–2011). Co-

efficient estimates for the dummy variables

corresponding to year were highly significant.

For crops, coefficients on years were statisti-

cally significant (at the 10% or lower level) for

all years except the three years 1997, 2004, and

Table 2. Precipitation in Inches and Number of Days Over
32.2°C (May to October)a

January to

April Precipitation

May to

July Precipitation

August to

October Precipitation

Days Over

32.2°C

State (n 5 6289) 8.0138 (3.0529) 13.8966 (5.4506) 9.5424 (3.8224) 50.3829 (17.9046)

NC (n 5 1064) 6.9216 (2.0900) 13.1414 (5.0974) 8.7453 (3.01746) 54.1347 (14.8414)

SC (n 5 1159) 6.9471 (2.6545) 12.5437 (4.6316) 8.3873 (3.0626) 62.7365 (14.3172)

SW (n 5 304) 4.9460 (2.1477) 8.9497 (3.7490) 6.1636 (2.7596) 60.9441 (21.1075)

NE (n 5 1064) 8.0921 (2.2318) 14.5247 (5.2309) 10.5290 (3.3729) 39.160446 (14.8414)

NW (n 5 228) 3.8655 (1.5818) 8.8793 (2.9630) 6.0265 (2.3722) 56.4978 (14.5183)

SE (n 5 2470) 9.7117 (2.9879) 15.6581 (5.5122) 10.7432 (4.1512) 45.6825 (16.5808)

a Standard deviations are in parentheses.
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2008. Crop deviations were greater than aver-

age (again at the 10% level of confidence) in

1999–2001, 2003, 2005–2007, and 2009–2010.

Crop deviations fell below average for years

1993–1996, 1998, 2002, and 2011. Deviations

from trend for the livestock values were more

stable, yet were statistically different than zero

for nine of the 19 years (positive in 1993–1994,

1996–1997, 1999–2000, and 2004–2005 and

negative in just one year, 2008). Interestingly,

in even this simple regression of annual live-

stock output deviation on year, there were few

extreme negative values for any year for this

sample of KFMA members.

Annual output variations can result from

changes in controllable and uncontrollable inputs

to the production process. Our hypothesis is that

a significant share of the annual variation results

from weather. Specifically, variations in tem-

peratures and precipitation during the growing

season are hypothesized to influence annual farm

production.

Several authors (e.g., Schlenker and Roberts,

2009) have found a significant impact of

threshold temperature effects on crop pro-

duction. Rather than assuming a continuous

impact of temperature on crop yields, for ex-

ample, Schlenker and Roberts found threshold

effects on U.S. corn, soybean, and cotton yield

growth of 29°C, 30°C, and 32°C, respectively.

Temperatures above these thresholds exerted

strong negative impacts on the county yields

used in their study. Consequently, a common

threshold effect of the number of days ex-

ceeding 32.2°C was used as an explanatory

variable.3 The temperature variable proxy was

the number of days over 32.2°C from May to

October for each farm. Trends in the number of

days over 32.2°C showed a statistically signif-

icant (t-statistic 5 5.31) annual upward trend of

0.37% over the 19 years of observations. How-

ever, the trend, similar to output, exhibited sig-

nificant year-to-year variation with statistically

significant deviations from trend for all years

except 1994.

Precipitation also varied significantly from

year to year in addition to exhibiting a statisti-

cally significant trend over the 19 years. Total

January to October precipitation fell 0.72% (t-

statistic 5 –11.98) over the period. Average

annual precipitation for the first period (Janu-

ary to April) declined 0.21% (t-statistic 5

–3.04) and for the second period (May to July)

fell 1.14% (t-statistic 5 –13.91). The third

period (August to October) change in rainfall

was not significantly different than zero (t-

statistic 5 –1.19). Figure 3 graphs temperature

and total crop year (January to October) pre-

cipitation deviations from the average aggre-

gated for each of the 19 years of observations.

Evident from Figure 3 is the negative re-

lationship between the temperature and pre-

cipitation deviation variables. For example, in

2011 average deviations for days over 32.2°C

was 46% above and for January to October

precipitation was 35% below the 19-year av-

erages. The correlation coefficient for days

over 32.2°C and total January to October pre-

cipitation over the entire data set of 6289 ob-

servations is –0.4286.

Coefficients of the single equation model

for percentage deviations in crop and in live-

stock outputs were estimated for the 331 farms

using farm input and output data and the

temperature and precipitation variables from

1993–2011, subtracting those observations

with zero crop or livestock outputs. All of the

regressors were normalized to be percentage

deviations from each farm’s average, identical

to the procedures used for calculation of the

crop and livestock output-dependent vari-

ables. The fixed-effect panel approach was pre-

ferred to a random-effects model because of the

assumption of unobserved characteristics com-

mon to each farm. These unobserved variables

such as managerial skill, soil type, and trans-

portation considerations are expected to be

somewhat constant, and thus fixed, for each

farm.

Crop Output Deviations

Coefficients from estimation of the output

models are reported in Table 3, column 2.

Observations with no crop output were

3 Weather data reported the number of days ex-
ceeding 90°F by month. In keeping with scientific
practice of expressing units in metric measurements,
90°F is approximately 32.2°C.
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discarded, resulting in an unbalanced panel of

6247 observations.4 In the panel estimation, the

hypothesis that all ui variables, the farm-specific

errors, were equal to zero could not be rejected

(F330,5903 5 0.39). Given this outcome, the crops

model reported in Table 3 is from an ordinary

least squares regression of crop output de-

viations on the farm, weather, and trend variables.

Trend was included to capture the statistically

significant upward trend in crop output over the

period.

In the crop as well as the livestock model,

the coefficient on the percentage deviation

from a farm’s long-term use of labor was pos-

itive but not statistically significant. Rather

than indicating little impact of labor on pro-

duction, the insignificance of the coefficient

perhaps better reflects the measurement of the

variable as full-year employees hired by the

farm business. A single variable Cochrane-

Orcutt estimation on the labor variable exhibi-

ted an uncorrected Durbin-Watson statistic of

Figure 3. Sample Average January to October Precipitation Totals and May to October Days Over

32.2°C, 1993–2011

4 Irrigation, especially in the drier portions of
western Kansas, may provide additional water to crops
in years of below average precipitation and/or higher
than average temperatures. However, irrigation was
present in only 1096 of the total 6289 farm panel
observations. In cases in which irrigation might pos-
itively influence crop output, the panel model with
fixed effects would adjust crop output deviations to
account for those farms relying for most years on
irrigation. However, the panel model was rejected for
the crop output model, where the distribution of the
individual farm effects to modify the constant term
was indistinguishable from zero. When irrigated acres
were subsequently included as an explanatory variable
in the least squares crop output estimation, the co-
efficient was small and statistically insignificant (t-
statistic 5 –0.25). Although ostensibly important as
a farm adjustment to varying weather effects, neither
positive nor negative effects of irrigation could be
detected in this sample of 331 KFMA farms.
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0.146, a transformed Durbin-Watson of 2.526,

and a r (autocorrelation) parameter of 0.926,

indicating significant fixity in the hired labor

variable. The insignificance of the labor de-

viation variable in the crop (and livestock)

equations likely results from this invariance.

Further underlying the lack of variation in the

labor variable was the definition used in com-

puting the variable. The number of part-time

seasonal workers was not collected, an impor-

tant factor in Kansas crop and livestock pro-

duction in various seasons throughout the year.

Other farm input variables were significantly

and positively associated with crop output. A

1% increase in use of crop-related inputs in-

creased crop output by 0.32% (t-statistic 5

26.09). One percent increases in fuel and energy

use resulted in a 0.22% (t-statistic 5 13.56) in-

crease in crop output. A 1% increase in the

‘‘other’’ category of farm input use, nonallocable

between crop and livestock production, yielded

a 0.19% (t-statistic 5 10.30) increase in crop

output. As expected, increases in all farm inputs

were positively associated with increases in crop

output.

Consistent with our hypothesis, weather

had significant effects on crop output. Weather

impacts were assumed to be asymmetric with

weather deviations above and below the mean

for a particular farm serving as indepen-

dent variables. In the cases of crop output,

postestimation hypothesis testing validated

asymmetric impacts of temperature and pre-

cipitation in each of the three time periods.

The null hypotheses of parameter equality for

variables above and below the mean were

rejected for all four pairs of variables (i.e.,

three precipitation and one temperature vari-

able per observation). Underlying the use of

asymmetric weather effects is the presumption

that farmers plan production for average

weather conditions. If, for example, there is

a year with a higher than average number of

days exceeding 32.2°C, the effects on crop

output would be different than had tempera-

ture days been below the average, and pre-

sumably expected, number of days. Similar

asymmetric impacts are posited for pre-

cipitation above and below a farm’s long-term

average.

Table 3. Coefficient Estimates for Crop and Livestock Deviation Functions [equation 1]a

Crops Coefficient

(standard error) Ordinary

Least Squares (N 5 6247)

Livestock Coefficient

(standard error) Panel

Fixed Effects (N 5 4690)

Labor 0.02876 (0.01798) 0.02060 (0.04269)

Crop input 0.31950* (0.01225)

Livestock input 0.44029* (0.01221)

Fuel 0.21804* (0.01609) 0.01598 (0.03598)

Other 0.19393* (0.01882) 0.46623* (0.04275)

Days > 32.2°C (positive) –0.15002* (0.02600)

Days > 32.2°C (negative) 0.10477* (0.02336)

Days > 32.2°C (symmetric) –0.06239* (0.02968)

Period 1 precipitation (positive) 0.06431* (0.02265) 0.09976 (0.05262)

Period 1 precipitation (negative) 0.18703* (0.02527) –0.10361 (0.05845)

Period 2 precipitation (positive) –0.20740* (0.01852) –0.09284* (0.04082)

Period 2 precipitation (negative) 0.15030* (0.02469) 0.19015* (0.05468)

Period 3 precipitation (positive) –0.06129* (0.01873)

Period 3 precipitation (negative) 0.05088* (0.02478)

Period 3 precipitation (symmetric) –0.02867 (0.02453)

Trend 0.00908* (0.00106) –0.00687* (0.00232

Constant 0.02867 (0.01484) 0.18141* (0.03090)

R2 0.3268 0.2874

a Positive (negative) indicates deviations above (below) the mean of zero for each farm.

*Statistical significance at the 95% or better level.
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The number of days between May and Oc-

tober exceeding 32.2°C averaged 50.4 over the

entire sample for all years. Although this

number varied for each farm, results in Table 3

indicate that a 1% increase when this temperature-

related variable was above the farm average

resulted in a 0.15% (t-statistic 5 –5.77) decline

in crop output. Kansas crop output, primarily

grains and oilseeds, do benefit from tempera-

tures near long-term averages, as seen in the

positive coefficient on the variable of negative

variation in the number of days exceeding

32.2°C. A 1% increase in the number of days

below the long-term average results in an

improvement in crop production of 0.10%

(t-statistic 5 4.48). A parameter test of the

equality of these effects was strongly rejected

with an F1,6233 of 38.35, rejecting the null

with a probability of near 100%.

Similar rejection of symmetric precipitation

effects over the three periods of the growing

season were supported at greater than the 99%

confidence level. With respect to precipitation

in the early season, from January to April, a 1%

increase in precipitation in those years when

precipitation was above the average resulted in

an increase in subsequent crop output of 0.06%

(t-statistic 5 2.84). Increases in early-season

precipitation for years in which totals fell below

averages had an even stronger positive effect on

crop output with a 1% increase in precipitation

increasing crop output by 0.19% (t-statistic 5

7.40). Equality of the two parameters was

rejected with F1,6233 5 9.17 (p < 0.0025).

Crop production is more strongly affected

by rainfall in the second period, from May to

July. If actual rainfall exceeds the average, each

1% increase in precipitation decreases crop

output by 0.21% (t-statistic 5 11.20). Addi-

tional May to July precipitation during the

years that are drier than average, however, have

a beneficial impact on crop production. A 1%

increase in rainfall during the drier than aver-

age years results in a 0.15% (t-statistic 5 6.09)

increase in crop output. Although having

a smaller impact, the same effects are ob-

served for precipitation in the third period,

from August to October. For wet years, in

which rainfall exceeds the average, a 1% ad-

ditional increase in precipitation decreases

crop output by 0.06% (t-statistic 5 –3.27).

Some precipitation in the fall is beneficial,

however, because a 1% increase in pre-

cipitation when totals fall below a farm’s long-

term average increase crop output by 0.05%

(t-statistic 5 2.05). Parameter equality was

again rejected for both pairs of coefficients

(F1,6233 5 96.61 for period two and 9.08 for

period three precipitation deviations).

Livestock Output

Similar impacts to the crop model are observed

in estimating livestock output for changes in

farm inputs. Results of the panel estimation

rejected the hypothesis that farm-specific var-

iables ui were not equal to zero, hence leading

to estimation results in Table 3, column 3, using

the unbalanced panel model. The labor variable

remains statistically insignificant, presumably

for the same reasons cited for crop output. Two

of the other livestock inputs, both the unallo-

cable inputs of the ‘‘other’’ input category and

those inputs associated just with livestock

production, have positive and significant im-

pacts on output. However, the fuel and energy

input variable had a positive effect but not

significantly different than zero impact on

livestock output. A 1% increase in fuel use was

associated with a positive 0.02% effect on

livestock output, although the coefficient was

insignificant (t-statistic 5 0.44).

Parameter testing for asymmetric impacts of

precipitation and temperature was mixed. The

null hypotheses of parameter equality for pe-

riod one and period two precipitation were

rejected (F1,4676 5 9.89 and 7.86, respectively).

However, the null could not be rejected with

respect to period three precipitation and the

number of days exceeding 32.2° (F1,4676 5 1.46

and 1.39, respectively). Consequently, results

in Table 3 differentiate positive and negative

impacts for period one and two precipitation

and symmetric impacts for period three pre-

cipitation and for the temperature variable.

Coefficients on precipitation in period one

exceeding long-term averages appear consis-

tent with pasture and forage production. For

period one, precipitation 1% greater than the

average is associated with an increase in
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livestock production of 0.10% (t-statistic 5

1.90, p 5 0.058). Conversely, 1% increases in

period one precipitation for farms and years

experiencing negative deviations from their

long-term averages were a negative 0.10%

(t-statistic 5 –1.77, p 5 0.076). Both pre-

cipitation effects in period one were not sig-

nificantly different than zero at the 95% level,

although the effects were nonzero with a con-

fidence level of 94.2% and 92.4%. In period

two, precipitation above the long run average

had a negative (–0.09%) impact on livestock

production (t-statistic 5 –2.27, p 5 0.023). A

1% increase in period two precipitation when

farm precipitation was below its average was

positive (0.19%) and statistically significant

(t-statistic 5 3.48, p 5 0.001). Results in-

dicate more rainfall benefits livestock pro-

duction in those years of below average

precipitation in the May to July period, and

additional precipitation above averages in the

early period, January to April, have an addi-

tional, although weak, positive effect on live-

stock production.

Impacts of period three precipitation and the

temperature measure were symmetric for live-

stock production. Period three rainfall, from

August to October, did not have a significant

effect on livestock output (t-statistic 5 –1.17,

p 5 0.243). The symmetric variable for the

number of days exceeding 32.2°C did indicate

a slight production benefit from lower tem-

peratures. A 1% increase in the number of days

exceeding 32.2°C reduced livestock output by

0.06% (t-statistic 5 –2.10, p 5 0.036). The

symmetric negative relationship between days

over 32.2°C and livestock output is consistent

with Mader’s (2003) analysis of heat stress

negatively impacting confined livestock

performance.

Impacts of Changing Weather on the Value of

Farm Production and Net Farm Income

Table 3 and the preceding discussion indicate

that for this group of 331 KFMA farmers, crop

and livestock output has been sensitive to

weather variation over the 1993–2011 period.

Although output quantities vary from year to

year depending on weather, farmers are

presumed to adapt by changing crop mix and

management technologies in light of expected

weather variability. The findings of Ding,

Schoengold, and Tsegaye (2009) that the adop-

tion of reduced tillage practices is greater in

periods experiencing multiple dry years pro-

vides evidence of greater weather mitigating

technology adoption in response to weather.

Some of the adaptation will affect the output

measures. However, economic returns can also

vary as a result of changing market conditions,

including available government programs or

insurance options, in addition to financial im-

pacts of unexpected weather events on demand

and supply conditions. Consequently, two addi-

tional analyses investigated the roles of the

precipitation and temperature variables on the

value of farm production (primarily income

from crop and livestock sales) and net farm in-

come, an accounting term that adjusts gross

revenues minus operating expenses with gov-

ernment and insurance payments, real estate

taxes, debt servicing costs, and inventory

changes.

The same procedures of estimation as used

for crop and livestock outputs were used for

the real (in 2011 dollars) VFP and NFI. The

two dependent variables measured the per-

centage deviations for each farm for each

year from that farm’s average VFP or NFI. In

both cases, panel estimation was rejected

because the hypothesis of equal farm effects

over all 331 farms could not be rejected.

Consequently, ordinary least squares was

used for VFP and NFI regression on the

temperature and precipitation variables and

trend.

The hypotheses that parameters were equal

for precipitation’s effect on VFP above and

below the long-term averages were rejected for

periods one and two. In both time periods, ad-

ditional precipitation when observed levels

were above the 19-year average had small

positive, although statistically insignificant,

effects on VFP. Conversely, additional pre-

cipitation when farm precipitation was below

the long-run average in the first period (January

to April) had a negative impact on VFP. The

significant impacts for period one is different

than that observed for crop and livestock output
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(Table 3). In period two (May to June), addi-

tional rainfall when actual rainfall was below

the 19-year average had a positive effect on

VFP. This positive effect of additional pre-

cipitation is the same as the effect of period two

precipitation in the crop and livestock models,

indicating the positive effects of additional

precipitation during period two on, first, farm

output and, second, on VFP. We could not re-

ject the hypothesis that period three pre-

cipitation had a symmetric impact on VFP.

Regardless of deviations being above or below

the farm average, additional precipitation in

period three (August to October) was positively

associated with VFP. Although the effect was

small (0.03% for a 1% increase in pre-

cipitation), the effect of additional precipitation

in period three on VFP was statistically dif-

ferent than zero.

Additional days exceeding 32.2°C had

a symmetric impact on VFP. An increase in the

percentage of days exceeding 32.2°C reduced

VFP by 0.13%. Although the impact is small,

the negative relationship is statistically signif-

icant and indicated more warm days (i.e., ex-

ceeding 32.2°C) negatively affect the value of

farm products sold by these farmers. These

effects are not dissimilar from the output

models, although there was a positive effect on

crop output when increases in the percentage of

days exceeding 32.2°C occurred during the

‘‘cooler’’ years (i.e., the years when the actual

number of days above 32.2°C was below the

19-year average).

We next measured the impacts of weather

on net farm income (Table 4, column two). The

NFI model isolates the effects of weather and

trend on net income for each farm. NFI con-

siders not just output, or the value of farm

production, but subtracts or adds farm pro-

duction costs, interest payments, real estate

taxes, inventory changes, government pay-

ments, insurance payouts, and other farm fi-

nancial factors. Perhaps because NFI considers

these additional cost and payment terms, the

weather variables plus trend do not explain

NFI variability as well as the earlier models.

Whereas explanatory variables explained be-

tween 21% and 33% of the variation in the

dependent variable for the crop, livestock, and

VFP models, only 2% of the variation in NFI is

explained by the weather and trend variables.

However, the weather and trend variables are

statistically significant in their association with

the NFI measure.

Some effects are similar between the NFI

and the VFP models. We failed to reject the

hypotheses that positive and negative deviations

affected NFI differently for days exceeding

32.2°C or for period three precipitation. Similar

to the VFP model, increasing the number of days

above 32.2°C decreased NFI. A 1% increase in

days led to a 0.76% decline in NFI, approxi-

mately six times the impact of this temperature

variable on VFP. This result suggests that, even

with the increase in insurance availability over

the period and other sources of government

support, increases in the number of days

Table 4. Ordinary Least Square Coefficient Estimates for the Real (2011 base year) Value of Farm
Production and Net Farm Income Deviation Functions [equation 2] (n 5 6289)

VFP Coefficient

and standard error)

NFI Coefficient

(and standard error)

Constant –0.29165* (0.01154) –0.33281* (0.09563)

Days > 32.2°C (symmetric) –0.13184* (0.01403) –0.75873* (0.11623)

Period 1 precipitation (positive) 0.00522 (0.02346) 0.14241 (0.19439)

Period 1 precipitation (negative) –0.19611* (0.02619) –0.82377* (0.21700)

Period 2 precipitation (positive) 0.01016 (0.01913) –0.39967* (0.15848)

Period 2 precipitation (negative) 0.12070* (0.02510) 0.61522* (0.20801)

Period 3 precipitation (symmetric) 0.03430* (0.01149) 0.13626 (0.09516)

Trend 0.02832* (0.00073) 0.03609* (0.00606)

R2 0.2137 0.0191

VFP, value of farm production; NFI, real net farm income.

*Statistical significance at the 95% or better level.
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exceeding 32.2°C during the growing season

significantly and negatively impact a farm’s

NFI. Additional precipitation in period three

was small yet still statistically significant in

association with VFP, yet the relationship be-

tween period three precipitation and NFI was

not significantly different than zero.

In all cases except one, the effects of de-

viations in the weather have the same directional

impact on NFI deviations as on the VFP de-

viations. Given the definitions of the dependent

and explanatory variables as deviations from

a mean for each farm, interpretations of ex-

planatory variable impacts can be given a similar

interpretation. Thus, the main difference be-

tween the VFP and NFI models is the greater

impact the explanatory variables have on the

dependent variable.5 For example, a 1% increase

in the number of days exceeding 32.2°C reduced

VFP by 0.13% but had a much larger impact on

NFI of a reduction of 0.76%.

The only difference between the direction of

the weather effects between the VFP and the

NFI models is seen in the asymmetric effects of

positive deviations from the mean for period

two precipitation. Increases in the percentage

increases had an insignificant impact on VFP

but a negative and significant impact on NFI (b 5

–0.39967 and t-ratio 5 –2.52). The negative

impact of additional period two precipitation in

years when the deviation was above the farm’s

average is the same direction and significance

of the asymmetric precipitation variable in the

crop and livestock output models.

Similar to the VFP and the crop output

models, there is an upward trend in NFI over

the 19 years of the study period. Real VFP in-

creased 2.8% each year. Real NFI increased

3.6% per year over the period. Recall that both

VFP and NFI are expressed in real terms, so the

increase in average value is in addition to in-

creases in the Consumer Price Index, the de-

flator used.

Several reasons might underlie VFP and

NFI model results. First, weather affecting

Kansas crops might be widespread throughout

the Plains. Factors that might affect output such

as temperature and precipitation could result in

countervailing effects on prices received. Other

possible factors underlying the results might be

the role of crop insurance and government

payments, both included in the NFI measure, in

offsetting farm production losses resulting

from weather. Thus, for example, crop re-

ductions might trigger insurance or government

payments to increase farm incomes during

hotter than average years. However, our results

find no evidence of this offsetting support im-

pacts, because weather deviations were asso-

ciated with greater impacts on NFI than on the

VFP results. However, the role of offsetting

price movements when quantities vary, of crop

insurance payments to buffer farmers from

revenue losses when quantities fall, and gov-

ernment programs to also reduce farm risk are

areas for further research investigating the role

of changing weather on farm incomes.

Conclusions

This research provides quantitative estimates of

the asymmetric impacts of temperature and

precipitation on an historical sample of KFMA

members. We explore farm crop and livestock

output levels, values of farm production, and

net farm income using a panel of 331 Kansas

members of the KFMA from 1993–2011. Es-

timation of crop and livestock production de-

viations from long-term trends for each farm in

the sample indicate significant positive effects

of farmer input decisions on output. Although

the coefficient on hired labor was statistically

insignificant for both crop and livestock output

models, other farm inputs, both those easily

allocable among crop or livestock enterprises

and for unallocable inputs, were highly signif-

icant and of the expected positive sign.

Of special focus in the current article is the

effect of precipitation and temperature on

farm output and financial performance. Even

in the short 19 years analyzed, statistically

significant positive trends in the number of

days exceeding a threshold of 32.2°C and

negative trends in January to October pre-

cipitation were found.

5 In addition to the amount of variation in the
dependent variable accounted for by models (i.e., the
R2 values).
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Increases in the number of days exceeding

the 32.2°C threshold beyond each farm’s long-

term average are associated with decreasing

crop output. The effect is, however, asymmet-

ric, because crop output increases when the

temperature measure was below a farm’s long-

term average. Livestock output declines sym-

metrically and continuously with increases in

the number of days over the threshold, whether

below or above the long-term average. This

symmetric effect was also seen in the value of

farm production and the net farm income

measures, where increasing the number of days

exceeding 32.2°C had negative and statistically

significant negative impacts.

Precipitation had asymmetric effects on

crop production throughout the growing year.

Although increasing precipitation between

January and April unambiguously increased

crop output, increasing precipitation in the

years in which precipitation was below average

in both the May to July and the August to

October periods was associated with increased

crop production. As evident during recent

drought conditions, crop output would increase

with more precipitation in those years with less

than average growing season precipitation. In

both time periods, however, precipitation in

years experiencing positive deviations above

long-term average had a negative impact on

crop output in periods two and three. The re-

sults would suggest that farmers plan input use

and make cropping decisions for the ‘‘aver-

age’’ year. From our modeling approach, this

average would be defined by those years in

which the precipitation and temperature vari-

ables equal zero, or Ewit � �wið Þ=�wi 5 0.

Precipitation had less of an effect on live-

stock production. Precipitation in the early part

of the year, January to April and in period three

(August to October) had no statistically sig-

nificant impact on livestock output. Similar to

the crop model, period two precipitation im-

pacts were asymmetric and statistically sig-

nificant. Increasing precipitation in those

years in which period two rainfall was above

average had a negative impact on livestock

output. Conversely, increases in those years in

which period two precipitation was below

average had a positive impact on output. These

impacts are of the same direction and signifi-

cance as seen in the crop model and may re-

flect precipitation impacts on pasture and

haying outcomes.

Both crop and livestock output models find

negative effects of increases in the number of days

exceeding 32.2°C. The impact is symmetric with

respect to the livestock model and applies to

positive deviations for the crop model. To con-

clude from these results, neither crop nor livestock

do well in increasing heat given traditional Kansas

cropping and livestock production procedures.

Effects of weather deviation variables also

affect the farms’ production value and net farm

income. Although risk management instru-

ments such as crop insurance and extreme

weather government support are available, the

greater impact of weather variability seen on

NFI seems to suggest that farmers are still

subject to income extremes as temperature and

precipitation varies from year to year.

Producers face considerable output and in-

come variability from year to year. Un-

derstanding the role of environmental factors in

driving this variability can provide private in-

surers, public policymakers, and farmers with

tools to mitigate income effects and adjust for

production impacts arising from year-to-year

weather variability. The results indicate that, if

it continues, the trend of decreasing pre-

cipitation and a greater number of days ex-

ceeding a threshold of 32.2°C can have a neg-

ative effect on Kansas crop and livestock output

and on Kansas farm incomes. The results in-

dicate a need for changes in producer cropping

decisions, technology selection, and increasing

research aimed toward adapting to the effects

of changing weather.

[Received February 2014; Accepted July 2014.]
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