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Introduction

DSSAT simulation results- Sandy soils Optimal inputs, CE, and yield -Sandy soil

A2-rainfed-Sandy soil B1-rainfed-Sandy soil

. . . h . S . Rainfed A2 Scenario B1 Scenario
° 7 7
Corn is a very important crop in the United States because it is / 6 e . . - . . -
W|de|y used for fOOd, feed, and fuel prOdUCt|0n. As the |argeSt ° M 5 /N N we o CcEr v R | N w cE* Y R N W CEF Y R N W CEE Y R | N W CEE Y R N W CE Y R N W CE Y R
(54 \ m4
- : = —_ = e N-GA | 1592 0 7666 53885 1.4 | 1697 0 8002 56381 1.0 16041 O 6915 49227 11 1455 0 4395 32026 11 | 1704 0 8020 56514 10 1553 0  659.8 47062 1.1 1605 O 6227 44935 1.1
prOdUCGr of corn in the World, the United States prOdUCGd about z o— z o SGA | 1453 0 5071 37141 14 | 1486 0 4695 34915 11 1456 O 5000 36714 11 1375 0 3407 26449 11 | 1499 0 5460 39749 11 1475 0 5140 37653 11 1426 0 4242 31857 A1
13.8 billion bushels In 2013, aCCOUHtlng for about 32% of world 1 . N-AL | 1654 0 7108 50625 14 | 1713 0 7987 56341 10 1672 0 6863 49164 1.1 1515 0 4428 33367 14 | 1729 0 7985 56390 10 1649 O 6640 47683 11 1635 0 5692 41706 1.0
_ . . SAL | 1682 0 6301 45689 11 | 1692 0 7119 50836 11 1619 0 6150 44508 1.1 1600 O 4740 35623 14 | 1737 0 7061 50643 10 1685 O 6086 44360 11 1547 0 4381 33182 10
corn prOdUCt|On (USDA, 2013) pase 20209 20508 20808 pase 20208 20508 20808 NNC | 1752 0 8865 61974 11 | 1614 0 6593 47259 10 1708 0 7828 55333 1.0 1553 0 5425 39732 11 | 1644 O 7110 50600 1.1 1680 0 7686 54337 10 1595 O  577.3 42065 1.1
e N-AL S-AL N-GA S-GA ====N-NC == N-FL e N-AL S-AL N-GA S-GA ====N-NC == N-FL
- N-FL | 1519 0 6472 46151 14 | 1360 0 4304 31999 12 1450 0 4485 33470 11 1366 0 3705 28279 12 | 1436 0 4560 33882 12 1473 0 4648 34574 11 1363 0 3706 28275 1.2
o -
Over the last 1-2 decades, corn production has expanded to the it Sandy sl 1 igated-Sandy sof — — ——
southeastern United States due to favorable corn prices. o . sase 0205 20505 20805 20005 20505 20805
—_— .
However, this region may face uncertainty of corn yields 8 =~ C ———— vow %' v RGN W % v R W W % Y R N W % v RN W ® Y R N W " Y RN W & ¥R
- : ST : s \ = N-GA | 2215 2243 11892 84874 1.1 | 2242 2463 1150.3 82766 11 2188 2529 10254 74822 14  207.3 2553 6866 53240 10 | 2205 2262 11244 8080.5 11 1999 1892 9859 71009 1.4 2115 2706 8611 64456 1.1
Orlgmated from climate Vanab”lty. It Is eXpeC’[ed that the T4 4 SGA | 2179 2130 1031 79247 10 | 2245 2213 10553 76589 10 2245 2314 11211 80799 1.0 2688 3785 0701 74496 12 | 2167 2381 10719 77497 10 2214 2235 10003 78680 1.0 2264 2379 10205 74649 1.1
et ATt o N-AL | 2458 2048 12012 87242 14 | 2440 2983 11817 85990 14 2223 2036 10753 78478 12 2583 5081 8158 65757 13 | 2581 3444 12289 89927 12 2233 2777 997.2 73475 14 2215 2763 8651 65142 1.
variation of both temperature and precipitation will increase : :
. ) . S-AL | 2309 2034 10789 78128 1.1 | 2457 2581 12386 89208 1.1 2426 2689 12215 88134 14 2506 3094 9922 74505 1.1 | 2303 2278 10875 78885 11 2309 2219 10737 77984 14 2465 2515 9756 72730 1.4
dCross most ()f Southeastern areas a|0ng W|th more greenhouse Base 20205 20505 2080s pase 20205 20505 20805 N-NC | 2262 2084 12901 91195 11 | 2289 2036 11983 85514 1.1 2198 2197 11094 79779 11 2016 2188 8246 61286 1.1 | 2524 2986 12425 90106 12 2224 2377 11029 79646 1.1 2166 2177 10052 73124 11
C | tal 2013 TNAL e SAL T NGA e SGA NG L T AR Al REA s eA ke NFL | 2103 2214 11388 81274 10 | 2245 2284 11569 83008 10 2209 2382 10977 79268 1.0 2415 3333 10288 76688 1.1 | 2141 2102 10376 74983 10 2057 2042 10204 73641 10 2031 2315 8959 65928 10
gas EMISSIONS ( ngram €la " ) *The annual amount of nitrogen is 180 kg/ha * N* W*, and Y* is the optimal nitrogen (kg/ha), irrigation amount (mm/ha) and yield (kg/ha), respectively. CE* is the certainty equivalent ($/ha). R is the ratio of optimal yield and simulated yield from DSSAT.
» The objectives of this paper are twofold. First, we simulate corn : : -
. J p p , . . DSSAT SImUIatlon I'ESU":S- Clay SOIIS A2-Rainfed-Sandy soil B1-Rainfed-Sandy soil A2-Irrigated-Sandy soil B1-Irrigated-Sandy soil
yields in the southeastern U.S. under future climate scenarios oo G o B - -
. . . . . ) ) 1,200 1,200
using the Decision Support System for Agrotechnology Transfer ; : " "
' © 500 © 500 o 800 o 800
(DSSAT). Second, based on the simulated yields, we identify ; o e— - - ® ® o
) ) 5 \ 5 \ — 300 300 400 400
. . . . . © — © 200 200
the optimal yield and input levels, suggesting the most efficient B —— B G TR ) TR T T G R L TR T T SO IR L T T T R R
. . 2 2 Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE Cost CE
adaptation strategy to climate change. : :
0 0 EN-GA ®mS-AL  N-AL mN-NC mN-FL = S-GA EN-GA ®mS-AL  N-AL ®mN-NC mN-FL = S-GA EN-GA mS-GA N-AL mS-AL mN-NC mN-FL EN-GA mS-GA  N-AL mS-AL mN-NC mN-FL
Base 2020s 2050s 2080s Base 2020s 2050s 2080s
Data and Methodology ——N-AL S-AL N-GA S-GA =——N-NC =——N-FL —N-AL S-AL N-GA S-GA =——N-NC =——N-FL ] ] . .
A2-Irrigated-Clay B1-Irrigated-Clay Optlmal InPUtS! CE! and yleld _Clay SOII
10 10
» Historically observed weather data are obtained from the o T s Raiied 2 Seenac P! Scnar

. . . . — —— s Base 2020s 2050s 2080s 2020s 2050s 2080s
National Climatic Data Center for the period 1979-2000. : \ : S o

= = W W W W W W W
= =
o FOr the downsca”ng Of the G|Oba| C||mate Mode| (GMC) ZOth ’ ’ N-GA | 1622 0 10021 68712 14 | 1713 0 9670 66860 10 1606 0 8762 60789 11 1519 O 6131 44014 11 | 1682 0 10463 71700 10 1594 0 8452 58804 11 1609 O 8017 56142 1.1
. . ’ g 2 S-GA | 1477 0 7248 50837 11 | 1486 0 4695 34915 11 1384 0 5164 37462 12 1305 0 3261 25277 12 | 1465 0 5543 40137 141 1417 0 5348 38743 11 1336 0 4041 30270 12
Century C||mate EXperIment (20C3M) data are Used fOI‘ a 0 0 N-AL | 1645 0 9681 66676 11 | 1674 0 10414 71367 10 1651 0 8949 62121 11 1524 0 6101 43851 11 | 1682 0 10463 71700 10 1649 0 8721 60693 11 1618 O 7415 52413 10
Base 2020s 2050s 2080s Base 2020s 2050s 2080s

. . S-AL | 1615 0 8367 58352 11 | 1648 0 9044 62704 10 1581 0 8486 58970 11 1599 0 6436 46221 11 | 1684 0 8925 62098 11 1637 O 8263 57780 10 1550 O 6426 45973 1.0
baselme! and the Hadley Centre Coupled MOdel version 3 — o e veR e e — o e O e e N-NC | 1727 0 10739 73594 10 | 1644 0 9180 63542 11 1730 0 9346 64899 10 1592 0 6863 48866 11 | 1638 0 9405 64925 11 1682 0 9399 65050 10 1592 0 8248 57520 1.1
(HadCM3) iS Used for the C”mate pI‘OjeCtionS under tWO C02 *The annual amount of nitrogen is 180 kg/ha N-FL | 1536 0 8298 57626 11 | 1443 0 619.9 44154 12  146.9 0 5837 41989 1.1 1421 0 507.7 37063 12 | 1469 0 6266 44669 11 1484 0 597.4 42903 11 1415 0 570.7 40975 1.1

emission scenarios (SRES-A2 (High) and SRES-B1 (Low)) for Production Risk e P - - P 0 0

dlﬁerent tlme perIOdS Of 2010-2039 (20203), 2040-2069 (20503), o Based on the data Obtalned from DSSAT, we estlmate N* w- CE* Y R N* W+ CE* Y R N* ws CE* Y R N* W CE* Y R N* e R N* e R N* W CE* Y R

, , . N-GA | 1840 1643 11924 83074 14 | 1878 1724 10874 76728 10 1866 2378 10257 73479 11 1736 1612 7745 56529 14 | 1833 1823 11459 80316 10 1794 1537 10134 71602 11 1751 1659 8652 62304 1.0
and 2070'2099 (20803) StOChaSt|C pI‘OdUCtlon funCt|On (JUSt and POpe,1978), S-GA | 1813 1901 11211 78768 1.0 | 2183 2031 10143 73610 10 1930 2099 10470 74771 09 1854 2115 8269 60748 1.0 | 1876 2014 10029 71732 10 1957 2154 10499 75108 1.0 1953 2198 9517 69001 1.0
' i i ' _ N-AL | 1930 2506 11675 82711 10 | 1888 2642 11553 81930 14 1840 2521 10003 71938 11 1793 2984 7181 54591 11 | 1972 1972 11511 80839 1.0 1799 1547 9984 70694 11 1812 1911 8715 63173 1.
 For DSSAT simulation, a medium season cultivar was used, Y =fX,a)+ h(Z, p)e

. . _ S-AL | 1846 1587 10753 75720 1.0 | 1887 1674 11578 81108 1.0 1849 1893 10973 77411 10 1957 2013 9842 70867 11 | 187.7 1883 10628 75349 1.0 1864 177.9 10657 75376 10 1896 2012 9259 66988 1.0
and annual amOunt Of applled nltrOgen was Varled frOm O tO N-NC | 1994 1866 13038 90820 1.0 | 2007 2096 12028 84794 11 1914 1767 11168 78734 10 1795 1880 8369 60917 11 | 1937 2106 11831 83310 1.1 1888 1842 11028 77849 10 1806 2150 9818 70288 1.1
: e C where f(X a),h(Z ,B) are mean production function, variance function respectively. N-FL | 1843 1982 11541 81026 1.0 | 1918 2015 11626 81870 10 1947 2143 11329 80255 1.0 1887 2264 9880 710941 1.0 | 1875 1972 10927 77295 10 1883 1863 10828 7659.9 1.0 1742 2034 9073 65277 1.0

240 kg/ ha AlSO’ we ConSIder non Irrlgated and d fUlly Irrlgated ’ ’ ’ , ’ * N*W*, and Y* is the optimal nitrogen (kg/ha), irrigation amount (mm/ha) and yield (kg/ha), respectively. CE* is the certainty equivalent ($/ha). R is the ratio of optimal yield and simulated yield from DSSAT.

: it Silty-Cl d Sand i Z is some or all of the elements in x. @ andf are parameters.
reglmes Wi Ity- ay an an y SOlIS. (E(e) = 0 and var(e) = 1) A2-Rainfed-Clay soil B1-Rainfed-Clay soil A2-Irrigated-Clay soil B1-Irrigated-Clay soil
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Anomalies of temperature and precipitation for A2 and B1 * Mean production function .
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is irrigation amount applied (mm/ha). / is indicator function if /=0, Bas 20205 20505 20805 Bas 20205 20505 20605 20205 2050 2080
N_ AL O 83 1 98 368 O 83 176 27 4 rain fe d, 1 f [: 1 ) Irriga te d mN-GA mS-GA  N-AL mS-AL mN-NC mN-FL mN-GA mS-GA ~ N-AL mS-AL mN-NC mN-FL mN-GA mS-AL ~ N-AL mN-NC mN-FL mS-GA mN-GA mS-AL * N-AL mN-NC mN-FL mS-GA

S bR BN S B veeewna —
: . . . . . . » Variance function
S-GA 0.56 143 2.75 0.66 1.48 2.31 Var(u) = exp(By + BN - +B,WI) * |tis expected that future climate in Southeastern U.S. will have a tendency of higher temperature with less amount of precipitation.

N-NC 0.84 1.93 3.6 0.83 1.76 2.13 _ » The DSSAT simulation results imply that climate variability has negative impact on the corn yields associated with greater variation. The
N-FL 0.62 162 3.19 0.75 14 243 Economic Model corn yields with irrigation are higher than without irrigation for each climate scenarios. For two soil types, corn yields under Silty-Clay

2020s 2050s 2080s

Precipitation | A2 B + The Certainty Equivalent (CE) is maximized subject to the soil are higher than under Sandy soil because Sandy soil is capable to hold less water.
(ratio) 2020s 2050s  2080s | 2020s  2050s  2080s oroduction function (Finger et al., 2011) * The optimal levels of nitrogen and irrigation obtained from the maximization of CE reflect producers’ risk attitudes and market conditions,
N-AL 0.99 1.01 0.98 0.99 1.01 1.03 which provides producers with critical information to adapt to climate change.
S-AL 0.95 0.89 0.90 0.98 0.97 0.98 Max CE = E(n(N,W)) — Risk Premium (RP) * While the optimal yield and CE levels decrease under future climate scenarios, the results indicate that more irrigation water will be required
N-GA 0.94 0.99 0.94 1.03 1.03 110 N W st Y=7INW) for the optimal corn production. Moreover, It is evident that profitability of corn production will decrease due to the climate change.
S-GA 0.94 0.94 0.86 1.05 1.02 1.02 '
M o B - S O & . Refeences
N-FL 0.94 0.93 0.89 1.00 0.97 1.0 where RP = Y779 / emv,wy) ¥ 18 the coefficient of risk aversion by assuming References
Constant coefficient of relative risk aversion (CCR A), equa| to 2. Finger, R., Hediger, W., & Schmid, S. 2011. Irrigation as Adaptation Strategy to CIimgte Change.-A Biophysicalland Economic Appraisal for Swiss Mgize Prosjuction. CIimaticﬂChange, 105. . |
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