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Abstract

Impact of climate change on crop growth is dynamic and difficult to quantify due to heterogeneity of the as-
sociated effects and their interactions within the Earth system. The main objective of this study is to establish
how future climate change might affect agriculture, through an assessment of temperature and precipitation driv-
en parameters. These include percentage number of rainy days with extreme precipitation, percentage of extreme
precipitation relative to wet days, first fall frost days, last spring frost days, growing degree days, growing season
length and the total precipitation. Results show modest increase in total precipitation with a slight increase in
extreme precipitation, representing up to 2.2% increase by 2060 under representative concentration pathway
(RCP 8.5) scenario. There would be late first fall frost days, early last spring frost days and increased growing
season length by up to 2 weeks in 2060. The growing degree days are projected to increase under all scenarios
for all crops, with cotton showing the largest increase of up to 37% relative to the baseline period.

Key words: agriculture, climate change, climate scenarios, precipitation, temperature

INTRODUCTION fact, the atmosphere can retain approximately 7%
more water vapour for every extra degree of air tem-
Climate is the major factor that dominates the  perature [STOCKER et al. 2013a]. Therefore, more
production environment in the agricultural sector.  intense precipitation is anticipated in a future warmer
Climate change has been manifested through an in-  climate [ALEXANDER et al. 2006; HATFIELD et al.
crease in global average surface temperatures by ap-  2011; ZHANG et al. 2007b].
proximately 0.7°C in the last 20™ century [MELILLO et Future precipitation projections are less certain
al. (eds.) 2014]. Most of this change has been preva-  than projections for temperature due to local physio-
lent from 1970s to the present day [FENG, HU 2004;  graphic and atmospheric effects [INGRAM et al. 2013;
MOONEN et al. 2002]. Even in the most optimistic =~ PINGALE et al. 2015]. Increases in precipitation can
scenario where greenhouse gases were held constant,  still be undone through heat stress projected to reduce
the Earth’s surface would still continue to warm by  crop productivity coupled with drought effects [KARL,
about 0.6°C over the 21% century relative to year 2000 ~ MELILLO 2009]. In addition, temperature effects will
[STOCKER et al. 2013a]. Due to the elevated green-  lead to increased transpiration from plants and evapo-
house gases (GHGs), future atmospheres will be  ration from soils and water reserves. Hence, there will
warmer and capable of holding more moisture  be reduced water availability due to increased evapo-
[DRAKE et al. 1997; MORISON, GIFFORD 1984]. In
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rative losses from rising temperatures alone [INGRAM
etal. 2013].

Most studies have claimed that climate change
has altered agricultural environment and affected crop
production through factors such as shifts in growing
season, changes in planting dates or extreme weather
events [FENG, HU 2004; MOONEN et al. 2002]. The
general consensus is that climate change will lower
yields for the most important crops: corn, soybean,
and wheat [BLANC et al. 2013]. Impacts on water re-
sources include changes in the timing of water availa-
bility due to changes in snow and rainfall. Additional-
ly, shifts in water demands caused by increased tem-
peratures together with changes in surface water
availability and groundwater storage will have nega-
tive impacts [MOONEN et al. 2002; ROSEGRANT et al.
2009]. Therefore, alterations in temperature and pre-
cipitation may affect the demand for irrigation water
both by quantity and timing as well as irrigation water
supply [ELLIOTT et al. 2014; SCHEWE et al. 2014;
SCHLENKER et al. 2007].

In this study, we will focus on Arkansas, US, be-
cause its agriculture relies heavily on irrigation. Ar-
kansas is a major agricultural producer and the largest
producer of rice in the nation, with other major crops
including soybean, corn, wheat and cotton [NICKER-
SON et al. 2011]. Most of these rice farms are way
inland, far from the delta where water table is higher.
This is the key factor that necessitates supplementary
irrigation by farmers; making Arkansas the fourth
largest user of groundwater in the nation [HOLLAND
2007; SCHAIBLE, AILLERY 2012]. The climate of Ar-
kansas is humid sub-tropical, with average tempera-
tures of about 15.8°C [FENG et al. 2014]. The major
rainy season in Arkansas occurs from March to May
and then from October to December according to Of-
fices of the Arkansas State Climatologist, 2014.

Climate change may affect Arkansas’ agriculture
both directly through its effect on crop growth and
indirectly through its effect on irrigation water supply.
The growth of rice is highly sensitive to temperatures
in the phonological stages. Temperatures below 20°C
or above 35°C will cause floral or spikelet sterility
reducing yields [SATAKE, HAYASE 1970; WALTHALL
et al. 2012]. It is also anticipated that soybean will
have increased photosynthesis and respiration for
higher temperatures [BERNACCHI et al. 2006; LEAKEY
et al. 2009; WALTHALL et al. 2012]. Soybean yields
are projected to drop by approximately 2.4% in the
21% century under climate change [HATFIELD et al.
2011; WALTHALL et al. 2012]. In addition, research
projects a 1.3% drop in soybean yields for every
1.0°C rise in temperature [LOBELL, FIELD 2007].

A 0.8°C rise in temperature over the next 30 years
would cause a 2 to 3% fall in corn yield excluding
effects of soil and moisture deficits. These are just
conservative estimates and do not consider interac-
tions of temperature and water availability. A further
8.3% drop in corn yields would be anticipated for
every 1.0°C rise in temperature [LOBELL, FIELD

2007]. For wheat, warmer temperature will increase
development, shorten crop cycle and duration of fill-
ing [PORTER, GAWITH 1999].

Cotton is also very sensitive to high temperatures
during phonological stages, especially during the re-
productive development and anthesis. Flowering is
the most temperature sensitive of all the phenological
stages [MITRA 2001; SNIDER et al. 2013]. Tempera-
tures outside threshold limits can reduce carbohydrate
formation from photosynthesis, boll retention and
seed development [LOKA, OOSTERHUIS 2010; WAL-
THALL et al. 2012]. In addition to crop growth, cli-
mate change will affect Arkansas’ irrigated agricul-
ture through its impact on water resources. The major
source of irrigation water in Arkansas is groundwater,
which is affected by the variability in annual precipi-
tation due to rainwater recharge [CZARNECKI,
SCHRADER 2013].

The study will focus on five major crops: rice,
corn, soybean, wheat and cotton. Climate scenarios
considered will include representative concentration
pathways (RCP) 4.5, 6.0 and 8.5 for 2030 and 2060.
This study will shed light on the projected changes on
agro-meteorological indices and their impact on Ar-
kansas’ agriculture. These include the distribution of
precipitation, first and last frost days, growing season
length and growing degree days shifts under various
scenarios of climate change in 2030 and 2060.

DATA AND METHODS
STUDY REGION

The study sites encompass three eight-digit hy-
drological unit code watersheds (L’anguille, Big, and
the Lower White), within farming region of the Ar-
kansas Delta where the Mississippi alluvial aquifer is
most depleted. The study area consists of 2,725 grid
cells averaging 243 ha each (Fig. 1). It lies within lati-
tudes 35.99 and 33.95° N and longitudes 90.29 and
91.34° W. The study area is less differentiated geo-
graphically; most of it lies in the Mississippi River
valley in eastern Arkansas, a predominantly flat allu-
vial plane.

DATA

The daily temperature (minimum, maximum and
mean) and precipitation on 2725 grid points in the
study regions during the baseline (1981-2010) were
obtained from National Center for Environmental
Prediction/National Center for Atmospheric Research
(NCEP-NCAR) reanalysis data derived from the 50-
year global meteorological forcing datasets, devel-
oped by SHEFFIELD et al. [2006]. This is a near-
surface meteorological daily dataset at (1°x1°) resolu-
tion blended with reanalysis data for driving land sur-
face models including other terrestrial modelling sys-
tems in time and space. The data was sourced from 11
weather stations from each county for the entire study
area for baseline scenario (1980-2010).
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STUDY AREA: NORTH EAST ARKANSAS N

Counties

1.Craighead
2. Poinsett
3.Cross

4. St. Francis
5. Lee

6. Phillips

7. Desha

8. Arkansas
9. Monroe
10. Prairie
11. Woodrutf

Fig. 1. Study area in North-East of Arkansas; source: own elaboration

The daily temperature and precipitation during
2030 and 2060 under three greenhouse gas concentra-
tion trajectories (RCP 4.5, RCP 6.0 and RCP 8.5)
were used in this study. These scenarios were chosen
because they represent mild, moderate and severe tra-
jectories for climate change [STOCKER et al. 2013b].
The future climate data were derived from the ensem-
ble of forty global climate models. The daily data for
the three future scenarios were obtained through
a perturbation process with Decision Support System
for Agro Technology transfer (DSSAT) perturb tool
[MEREU et al. 2012].

It should be noted that the perturbed data for 2030
were delegates of the 30 year period centered at 2030
(2016-2045). 1t is not the actual time series for 2016
to 2045. The same is true for the period 2060, which
is a statistical representation of years between 2046
and 2075. The climate data were generated for all
2,725 grid cells in the study site. All the variables for
the 30 year period for each scenario in each grid cell
were averaged to represent the probable climate sce-
nario for 2030 and 2060.

DATA ANALYSIS
Precipitation indicators

Three precipitation related measures were con-
structed from the daily precipitation data; annual total
precipitation, number of days with extreme precipita-
tion and extreme precipitation. Extreme precipitation
is defined as any precipitation above 1 inch (25.4
mm) in a single day for the study area based on upper
10 percentiles in the precipitation distribution
[KUNKEL et al. 1999].

Temperature based indicators

The growth of a plant is nonlinear in the whole
range of temperature; linear relationship is only ob-
served between crop specific lower and upper thresh-
old temperatures [SCHLENKER et al. 2005]. Below the
lower threshold temperature or above the upper
threshold temperature, crop growth stops, resulting in
no additional growing degree days (GDDs), a meas-
ure of heat accumulation [HASSAN et al. 2007]. For
instance, yield increases for corn were observed up to
29°C, but temperatures above the threshold was found
to be harmful [SCHLENKER, ROBERTS 2009]. The cal-
culation of GDD in the unit of degree days is given by
the following equation:

GDD = Zi; (Tmax‘:rmin) _ Tb (1)

Where: T and T, = the daily maximum and mini-
mum surface air temperature; P, and P, = the begin-
ning and ending dates of the growth season [FENG,
Hu 2004]; Ty, = threshold temperature; T, are set for
different crops (rice, corn, soybean, wheat and cotton).

Beyond the threshold temperatures, crop growth
is suppressed and so this is factored when calculating
thermal time for individual crops because they do not
accumulate additional GDDs [FENG, HuU 2004;
MCMASTER, WILHELM 1997]. The threshold tempera-
tures were set to be 10°C and 30°C for rice and soy-
bean; and 10°C and 29°C for corn [FENG, HU 2004;
SARMA et al. 2008]. Wheat had a base temperature of
15.5°C and an upper threshold temperature of 35°C
[PATHAK et al. 2003]. For cotton the threshold tem-
peratures were 15.6°C and 35°C respectively
[HOWELL et al. 2004; PATHAK et al. 2003; SNOWDEN
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et al. 2013]. Since different crops grow during differ-
ent times of the year, the planting and harvesting
dates were obtained from University of Arkansas Di-
vision of Agriculture Cooperative Extension Services.
The crop specific Pps and Pes are shown in Table 1.

Table 1. Planting and harvesting dates for respective crops

Crop Planting date (Pp) Maturity date (Pe)
Rice 1* May 14™ September
Soybean 1* June 16" October
Corn 1* April 1* September
Wheat 1* November 15™ June following year
Cotton 1* May 6™ October

Source: NASS, USDA [1997].

Growing season length was a temperature defined
variable. The length of growing season is defined as
the number of days between the last frost day in spring
and the first frost day in autumn [MOONEN et al. 2002].
Alternatively, growing season length is the period
between the date of the last spring freeze and first
autumn freeze [LINDERHOLM 2006].

Analysis

After calculating the agro-meteorological indica-
tors for specific grid cells, within respective time se-
ries of baseline, 2030 and 2060, the results were aver-
aged to depict the climate of each scenario. Closely
related grid cell values were aggregated to obtain spa-
tial representation of the agro-meteorological indica-
tors for the study area. The model results were linked
to coordinates for each grid cell to create a geodata-
base and contour maps generated by ESRI ArcGIS
Desktop [ESRI 2000]. The contour ranges remained
consistent within each variable across model runs to
allow for simple visual interpretation.

RESULTS AND DISCUSSION
TRENDS IN PRECIPITATION

The annual total precipitation for the baseline pe-
riod is shown in Figure 2a. It depicts a slightly de-
creasing trend during 1981-2010. The inter-annual
variations of the annual total precipitation during the

1980 1985 1990

1995 2000 2005 2010
Year

b)

30
25
20
15
10

1980 1985 1990

1995 2000 2005 2010
Year

1980 1985 1990

1995 2000 2005 2010
Year

Fig. 2. Time trend of baseline period (1981-2010): a) total precipitation in mm-y ™',
b) percent of rainy days with extreme precipitation, c) percent of extreme precipitation
relative to total precipitation; source: own study
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Fig. 3. Future scenarios under climate change and mean
values: a) total precipitation, b) percent of rainy days with
extreme precipitation, ¢) percent of extreme precipitation

relative to total precipitation; RCP = representative
concentration pathway; source: own study

period 2000-2010 is stronger than in the two earlier
decades, suggesting an increase in precipitation varia-
bility. However, there is a marginally increasing trend
of rainy days with extreme precipitation over the same
period (Fig. 2b). As a result, the percentage of extreme
precipitation relative to the total precipitation is slight-
ly increasing during the baseline period (Fig. 2¢).

The total precipitation in 2030 under different
Representative Concentration Pathway (RCP) scenar-
ios are quite similar by spread, range and skewness.
The median values increase steadily with higher sce-
narios of climate change or RCP (4.5, 6.0 and 8.5)
relative to baseline (Fig. 3a). The number of rainy
days with extreme precipitation indicates little chang-
es between baseline and RCP 4.5 and 6.0; albeit the
datasets are more skewed to the left. Compared to
other scenarios, the RCP 8.5 is slightly different with
smaller spread and symmetric skewness. The median
values increase marginally under higher scenarios
(Fig. 3b). For percentage of extreme precipitation rel-
ative to total precipitation, there is no major differ-
ence between baseline and the 2030, although RCP
8.5 has a smaller spread and range. Median values of
the scenarios increase with respect to higher RCP pro-
jections (Fig. 3c).

The median values of total precipitation show
steady increase for higher RCP scenarios in 2060 (Fig
3a). The number of rainy days with extreme precipita-
tion follows a similar trend, except that RCP 4.5 has
a larger spread and a bigger range (Fig 3b). For per-
cent of extreme precipitation relative to total precipi-
tation, the RCP 6.0 has a smaller spread while RCP
8.5 is more skewed to the right with a few outliers
(Fig 3c¢).

Generally, there is a slight increase in total pre-
cipitation (Fig. 3a), number of rainy days with ex-
treme precipitation (Fig. 3b) and percentage of ex-
treme precipitation relative to total precipitation (Fig.
3c) under all future scenarios. Relative to the baseline,
the RCP 8.5 projected an average increase of 42 mm
in precipitation totals which is approximately 3.2%
change relative to baseline period (Fig. 3a). On the
other hand, there is slight rise in the percent of rainy
days with extreme precipitation which is approxi-
mately 5% for RCP 8.5 (Fig. 3b). Furthermore, ex-
treme precipitation is exhibiting a slight increasing
trend for future scenarios representing a 2.2% rise
from baseline period under RCP 8.5 in 2060 (Fig. 3c¢).

On average the southern region of the study area
receives more precipitation than the north. Projections
suggest greater increase in total precipitation in the
northern parts of the study region in 2030 (Fig. 4b, c,
d). The number of rainy days with extreme precipita-
tion is more expressed in the north for the baseline
period but 2030 scenarios project an increase of those
days in the southern parts (Fig. 5b, ¢, d). Similarly,
percentage of extreme precipitation is more pro-
nounced on the north of the study area (Fig. 6a), with
2030 scenarios increases being more prominent on the
south side albeit marginally (Fig. 6b, c, d).
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Fig. 4. Total precipitation in baseline period and spatial percentual change of total precipitation under scenarios
of climate change; RCP = representative concentration pathway; source: own study
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Fig. 5. Percentage of rainy days with extreme precipitation in baseline period and spatial change under scenarios
of climate change; RCP = representative concentration pathway; source: own study
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Fig. 6. Percent of extreme precipitation in baseline period and spatial change under scenarios of climate change;
RCP = representative concentration pathway; source: own study

Under 2060 scenarios, increasing trend persists
for total precipitation (Fig. 4e, f, g). The number of
rainy days with extreme precipitation relative to base-
line shows a steady increase for both RCP 4.5 and 6.0
with a shift towards the central study area witnessed
for RCP 8.5 in the greatest positive change (Fig. 5g).
The percentage of extreme precipitation increases
marginally under RCP 4.5 and 6.0 south of the study
area (Fig. 6e, f) but RCP 8.5 presents a shift to the
center for the highest increases revealed (Fig. 6g).

These results reveal that, total precipitation will
increase marginally, the number of days with extreme
precipitation will not change much but the percentage
of extreme precipitation relative to total precipitation
would increase substantially, suggesting more intense
rainfall in the future, i.e., “it will pour instead of rain”.

GROWING DEGREE DAYS

Growth events of crop such as flowering and ma-
turity depend on the accumulation of specific quanti-
ties of heat [MILLER et al. 2001]. For all crops stud-
ied, the growing degree days have been increasing
during the last 30 years (Fig. 7). The growing degree
days are projected to increase for all crops under all
RCP scenarios. The highest increase is projected for
RCP 8.5 scenario during 2030 and 2060 (Fig. 8).

The data is uniformly spread around the 25" and
75™ quartile for RCP scenarios of 2030 and baseline
for all the crops studied (Fig. 8). The ranges are quite

identical with symmetrical skewness. However, there
is significant increase in GDDs for all the crops (rice,
corn, soybean, wheat and cotton), especially for high-
er GHGs emission scenarios.

Based on the scenario (Fig. 8), it is very likely
that there will be at least a 9.0% average rise in GDDs
for rice and corn in 2030 under RCP 8.5. Soybean
GDD will rise by 7.8%, wheat by 14.0% and cotton
by 18.0% under RCP 8.5 in 2030. For 2060, the RCP
8.5 scenario leads to a 19.0% rise in GDDs of rice and
corn with soybean GDD increasing by 16.0%. Wheat
and cotton are the biggest gainers at 30.0% and 37.0%
respectively.

The southern part of the study areca has more
growing degree days on average than northern parts in
the baseline period (Fig. 9). The patterns are similar
for all other crops (not shown). The northern portion
of the study area would witness the greatest change in
GDDs. For rice, corn, soybean, wheat and cotton,
there is a steady rise in GDDs for 2030 projections.
These changes are more manifested in the northern
region of the study area although with a small margin.

The 2060 scenario changes are quite consistent
with 2030, except with a larger magnitude. Rice, corn
and soybean GDDs are quite low for RCP 6.0 and
RCP 8.5. However, wheat and cotton GDDs reveal
highest percentage spatial change under RCP 8.5. Re-
sults show that the southern farmers will be the great-
est beneficiaries of increases in GDDs for all crops
under scenarios of climate change in 2030 and 2060.
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Fig. 7. Trend analysis for growing degree days (GDD)
in baseline period: a) rice, b) corn, ¢) soybean, d) wheat,
e) cotton; RCP = representative concentration pathway;

source: own study

Fig. 8. Future scenarios under climate change and mean

values for growing degree days (GDD): a) rice, b) corn,

c) soybean, d) wheat and e) cotton; RCP = representative
concentration pathway; source: own study
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Fig 10. Time trend of baseline period (1981-2010): a) first
fall frost day, b) last spring frost day, c) growing season
length; source: own study

FROST DAYS AND GROWING SEASON LENGTH

For the last 30 years (1981-2010), the first fall
frost day has been on the 308" day on average (Fig.
10a) with the last spring frost day coming on the 76"
day of the following year (Fig. 10b). The frost risk
period is thus within 133 days and the average grow-
ing season length is 225 days. The temporal variations
of the first fall frost day and last spring frost day are
both shown in Figure 10. On average, the first fall
frost day has been fluctuating but with a tendency of
coming late in the baseline period (Fig. 10a), while
the last spring frost day exhibits a tendency of early
arrival (Fig. 10b). These results are quite consistent
with similar studies by FENG et al. [2004] and those
by MOONEN et al. [2002], who identified increases in
frost free days and lengthening of growing season in
different parts of USA and Italy, respectively.

For 2030, baseline period has the smallest range;
with the data being closely spread for first fall frost
days. RCP (4.5 and 6.0) are a little skewed to the right
but RCP 6.0 spread is smaller than the rest. RCP 8.5
has a bigger range and larger mean value. For 2060,
RCP 4.5 data is less skewed with bigger spread but
RCP 6.0 has the highest range. Median values for
RCP scenarios also increase under higher RCP sce-
narios (Fig. 11a). Last spring frost days in 2030 show
a general decreasing mean under RCP 4.5, 6.0 and 8.5
(Fig. 11b). RCP 8.5 has the largest range although it is
skewed to the left. For 2060, RCP 6.0 has the largest
range with RCP 8.5 having the largest inter-quartile
range.
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concentration pathway; source: own study

The last spring frost day exhibits a decreasing
trend. The last spring frost day is projected to be 11
days earlier than the baseline period by 2060 under
RCP 8.5 (Fig. 11b). The opposite trend is however
exhibited for the first fall frost day, which will lead to
delayed arrival of the first fall frost day. The greatest
increases in the first fall frost days are under RCP 8.5
scenario during 2030 and 2060, each by 8 and 15 days
relative to baseline period (Fig. 11a).

The first fall frost day is coming late in the south-
ern parts of the study area for baseline period (Fig.
12a). Projections reveal a lengthening frost free peri-
od for the entire study area with more positive change
to the south (Fig 12b, ¢, d). The south side witnesses
earlier last spring frost days on average than the
northern parts (Fig. 13a). For 2030, RCP 4.5 reveals
marginal positive changes in the south side with most
changes being north of the study area (Fig. 13b).
There is a drop on the last spring frost days for RCP
6.0, with RCP 8.5 showing even a larger drop and
eventual negative percentage change relative to base-
line period (Fig. 13d).

First fall frost days are marginally increasing
from north to south in 2060 (Fig. 12e, f, g). Ironically,
there is no change in the appearance of last frost peri-
od for RCP 4.5 in 2060 (Fig. 13e). This means that,
RCP 4.5 for 2060 will be similar to the current base-
line conditions. RCP 6.0 and 8.5 both reveal a drop in
the last spring frost days (Fig. 13f, g). On average, the
last frost day will appear earlier on the southern part
of the study area. Farmers in those areas will be the
greatest beneficiaries of delayed frost period.

Frost is a major risk during growing seasons, so
these results indicate a potential decrease in frost
risks. This also means insurance premiums for frost
risk would go down, which will in turn reduce fixed
costs for farmers in Arkansas. Ideally, farmers in Ar-
kansas should be able to plant longer season cultivars
in addition to having a greater variety of other crops
and sowing early. Our results are consistent with gen-
eral results of model simulations of the recent past,
which reveal a decrease in number of frost days in US
with rise in greenhouse gases [GRIGGS, NOGUER
2002; MOONEN et al. 2002]. Therefore, fewer frost
days are projected to increase the growing season
length [EASTERLING 2002].

Over the last 30 years, the growing season has
shown a slight increase, probably due to changes in
frost days (Fig. 10c). Results reveal that growing sea-
son length is increasing under all scenarios of climate
change for 2030 and 2060 (Fig. 11c¢). It is imperative
to note that by 2030, the growing season is projected
to increase by 10 days on average; while for 2060
there would be an increase of about 19 days (Fig.
11c). Delayed frost in autumn and early start of grow-
ing season in the spring have been responsible for
projected increase in growing season length, caused
by the projected rise in average temperatures under all
scenarios of climate change for 2030 and 2060.

For 2030 (Fig 1lc), baseline shows symmetric
distribution while RCP 4.5 and 6.0 are more skewed
to the right. RCP 8.5 has the highest range and spread.
Mean values show a steady increase with higher RCP
scenarios. However, for 2060, RCP 4.5 has a smaller
spread but RCP 6.0 is more symmetric with a larger
range. All the RCP scenarios of growing season
length reveal a tendency for longer seasons with high-
er RCP scenarios of climate change.
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Fig. 12. First fall frost day in baseline period and spatial change under scenarios of climate change;
RCP = representative concentration pathway; source: own study
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Fig. 13. Last spring frost day in baseline period and spatial change under scenarios of climate change;
RCP = representative concentration pathway; source: own study
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Fig. 14. Growing season length in baseline period and spatial change under scenarios of climate change;
RCP = representative concentration pathway; source: own study

Spatial analysis reveals that the growing season
length increases as you go northward (Fig. 14a).
There are rises in growing season length under all
scenarios of 2030, most of which are pronounced in
the south of the study area (Fig. 13b, ¢, d). The 2060
scenarios are quite consistent with those in 2030, with
increases being commensurate with severity of RCP
projections (Fig. 14e, f, g). RCP 8.5 reveals the great-
est increase in growing season length for the study
area relative to baseline period (Fig. 13g).

Previous satellite and climatological studies agree
that there are shifts in timing and length of the grow-
ing season [TUCKER et al. 2001]. Increasing growing
season length provides opportunities for earlier plant-
ing, ensuring maturation and possibilities of multiple
cropping in Arkansas. Our results project an increase
in the length of the growing season but increased
warmth during growing season may cause slight de-
creases in yields; because higher temperatures speed
development and reduce time to accumulate dry mat-
ter [ACIA 2004; LINDERHOLM 2006; STOCKER et al.
2013a].

ADAPTATION AND POLICY IMPLICATIONS
Arkansas faces key challenges for water use

which could be exacerbated by temperature increases,
mainly because these effects will affect evapotranspi-

ration and plant water use. Any adaptations will have
to address increase in productivity verses, quantity,
amount, timing and supply of water to the competing
sectors of the economy in the face of climate change
[WARD, PULIDO-VELAZQUEZ 2008]. Rice is the most
water intensive crop in irrigated agriculture in Arkan-
sas accounting for $1.2 billion cash receipts. Studies
reveal that, adaptation of multiple inlet irrigation ap-
proach could lead to increases in rice yields up to
3.4% due to water use efficiency [VORIES et al. 2005].
In the multiple inlet system, the operator can fill all
paddies simultaneously; flood fields quicker, leading
to reduced pumping times and increased irrigation
efficiency [CHEN, LIu 2002; WATKINS et al. 2012].
Construction of reservoirs with tail water recov-
ery has been shown to improve farm net returns by
15% and decreased aquifer depletion by 39%. It also
improved water quality, reduced pollutant loadings
and enhanced conservation [KOVACS et al. 2014].
Studies by KOvAcs et al. [2015] showed that technol-
ogy adoption should be the main focus of conserva-
tion groups as opposed to advocacy of environmental
values. Tax on ground water was more effective in
increasing water table; subsidy for reservoir construc-
tion was cost effective but inefficient in maintain aq-
uifer levels [KOVACS et al. 2014; YOUNG et al. 2004].
Other strategies proposed include, cost sharing
for efficient irrigation technologies, incentives for
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change of irrigated to dry land crop production, trada-
ble quotas for groundwater stock and switching to less
water intensive bioenergy crops [HAMMOURI et al.
2015]. More weight could be given to: site productivi-
ty maintenance, insect pest management, soil water
conservation together with socio-economic values
[DING, PETERSON 2012; Kovacs et al. 2014,
WHEELER et al. 2012; ZHANG et al. 2007a] . Ultra-
short season cultivars for cereals like corn; with ma-
turity dates of 75 to 90 days is worth consideration.
These could evade weather related problems affecting
quality like Aflatoxin while giving consistent desira-
ble yields [KEISLING et al. 1999]. As indicated by this
study, farmers will likely plant longer season varie-
ties. It is also interesting to hypothesize that, more
wheat and cotton would be planted instead of soy-
bean, corn and rice due to future water and tempera-
ture dynamics.

In Arkansas, an integrated approach will be key
to policy formulations incorporating both hard infra-
structures (reservoirs, efficient irrigation, bio system
engineering for soil and water conservation, tail water
recovery systems) and softer measures (insurance
schemes, water buyouts, subsidies and taxes). These
could also take the form of pure technological (infra-
structure) or behavioural (altered ground water use).
There is no fit answer for all situations and effective-
ness of various options to fully reduce risks and vul-
nerabilities due to climate change is still unknown.

CONCLUSIONS

This study examined impact of climate change on
irrigated agriculture in Arkansas through assessment
of agro-meteorological indicators, including precipita-
tion changes, frost days, growing season length and
growing degree days. Results show almost negligible
increases in total precipitation. There is negligible rise
in percent number of days with extreme precipitation.
Analysis of extreme rainfall events carried out for all
periods (baseline, 2030 and 2060) have shown a shift
towards more intense precipitation which accounts for
2.2% rise in extreme precipitation in 2060. Farmers
will have to invest more in crop insurance to offset
the risks of extreme weather.

Frost days per year have been decreasing in the
baseline period and are still projected to decrease
thereby reducing frost risks to crops. Under RCP 8.5,
the last frost day is projected to come at least two
weeks earlier in 2060. This could be a positive as it
allows for stable prediction of planting season. Re-
sults show an increasing trend of delayed first frost
period. Ideally, farmers should be able to plant long
season cultivars, sow earlier in addition to having
a greater variety of other crops. The association of
frost days with growing season is very strong con-
firming that temperature is a key factor of influence.
Results reveal lengthening of growing season under
all scenarios of climate change for 2030 and 2060. By
2030, the growing season is projected to increase by

10 days on average; while for 2060 there would be an
increase of about 19 days.

Growing degree days are projected to rise for all
crops studied under all scenarios of climate change
with cotton showing an increase of up to 37%. It is
anticipated that these changes in GDDs for crops will
interact with other crop limiting factors such as tem-
perature, precipitation, diseases and weeds to affect
crop productivity. These results indicate that farmers
will have to plant the right crop varieties at the right
time. They will also have to weigh the planting deci-
sions against inherent risks such as frostbite and dis-
eases. Excessive precipitation might lead to delayed
harvest in summer crops because of wet soils; which
also delays planting season. In the future, climate
forecasts will be a key determinant factor of planting
dates and variety selection for farmers.

Arkansas agriculture will face key water chal-
lenges in future, which will be exacerbated by tem-
perature increases due to climate change. Adaptations
will have to address quantity, timing and supply of
water to competing sectors of the economy. Rice re-
mains the likely casualty of water challenges in the
future. Construction of reservoirs with tail water re-
covery, tax on ground water, tradable quotas, ultra-
short season cultivars, soil and water conservation are
among remedies for adaptation open to policy makers.
Most importantly, incorporation of both hard infra-
structures (bio system engineering for soil and water
conservation, efficient irrigation systems) and softer
measures (subsidies and taxes, insurance schemes)
will form an effective integrated approach to policy
formulation. These approaches could be both techno-
logical (infrastructure) and behavioural (altered
ground use).
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John W. MAGUGU, Song FENG, Qiuqiong HUANG, Yongjun ZHANG, Grant H. WEST
Analiza scenariuszy klimatycznych i ich wplyw na rolnictwo we wschodniej czesci Arkansas
STRESZCZENIE

Wplyw zmian klimatu na wzrost upraw jest dynamiczny i trudny do ilo§ciowej oceny z powodu réznorodno-
Sci powigzanych efektow i ich interakcji w calym systemie Ziemi. Gléwnym celem badan prezentowanych
W niniejszej pracy bylo ustalenie, jak zmiany klimatu w przyszto§ci moga wptynaé na rolnictwo, na podstawie
oceny parametrow zwigzanych z temperatura i opadami. Analizowano nastgpujace parametry: udziat (w %) dni
deszczowych z ekstremalnym opadem, udziat ekstremalnych opadéw w stosunku do opadow ogotem, pierwsze
jesienne dni z mrozem, ostatnie wiosenne dni z mrozem, stopniodni w sezonie wegetacyjnym, dlugos¢ sezonu
wegetacyjnego, i sum¢ opadow. Wyniki wykazuja umiarkowany wzrost catkowitych opadéw i niewielki wzrost
opadéw ekstremalnych — do 2,2% do roku 2060 wg scenariusza Representative Concentration Pathway (RCP
8.5). W 2060 roku pierwsze jesienne dni z mrozem wystgpig pozniej, ostatnie wiosenne dni z mrozem wystapia
wczesnie], a sezon wegetacyjny wydtuzy sie o ok. 2 tygodnie. Zgodnie ze wszystkimi scenariuszami przewiduje
si¢, ze liczba stopniodni w sezonie wegetacyjnym zwigkszy sie dla wszystkich upraw, a najwigkszy przyrost
(maksymalnie o 37%) w stosunku do okresu bazowego prognozuje si¢ dla upraw baweiny.

Stowa kluczowe: opady, rolnictwo, scenariusze klimatyczne, temperatura, zmiany klimatu
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