Evaluating the Sensitivity of Regional Production to Planting Date and Climate Change using a Yield Index
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Abstract M Definitions and Equations Planting Date Variabilit Sensitivity of Yield

dEprz?natory CrO]P mgde!ls TaVel been Tdhevelopeddtol esrt]imate byield, _grolvvth, a”g Yield Index (Y1) is the average production per unit area over multiple crops. Simulated crop yield is highly sensitive to Planting (P) and Harvest (H) dates.
evelopment of individual plants. ese models have been implemente o _ | . . .
extensﬁ/ely At the field-scale: h%wever there is interest in applying explaneatory crop Total Production is the amount of caloric energy that a given area can produce. NASS provides ranges of dates at the state level, but there Is uncertainty.
models to regional-scale studies to estimate properties of food systems such as Crop Yield (Mg/ha) = Dry Matter (g/pl) * Density (pl/m2) / (1 - Moisture Content) To study the sensitivity, planting and harvest dates were modified by 5 days.
p(_)tential production capacity .(PPC). These models are We_ll-suif[e_d tp the StUdY of Yli (Mkcal/ha) — Zj[YieId (I\/Ig/ha) * Caloric Content (kcal/g) * Harvest Area (ha) Prelirr?i_nary Example Yield Index (Mkcal/ha) forAroostook, -I\/Iaine,w-h-ich is dominated Py-potato p.rf)duction
glmate (:(;1c";mgieteffe_ctliI on reglon_al floczddsect:urlty anci p(l)tenflal mltlghatIOS gtrategtles. * (1 - Moisture Content) * Harvest Index] / £[Harvest Area (ha)] . Egtsv'v“e\éenigglggggon . \Ii\;zatzzlqlteélo(rjnosflltlor_:—ztal . Elcc::a:tll)m\l(tledcczc;r:\o\ll(tllonsTOtal .
orn and potato yields were simulated at a county level over the U.S. eastern | | o | | - -
seaboard region (Maine to Virginia) using a geospatial interface that implements The Yl is calculated for each county (i) over each crop (j) in the region of interest e P9 | e pand 5H -10 1048 2812 1950 2675 3440  26.76
: : : : o\ « Potato vield dominat Average Dates O 21.72 30.32 21.74 28.86 36.94 28.88
the crop models SPUDSIM and MAIZSIM. A spatially-referenced yield index (Y1) Total Production (Mkcal) = Yield Index (Mkcal/ha) * Harvested Area (ha) e | Er————— an0 alos gy 4077 asgr 4076
was developed to combine the results from both models, create an estimate of

baseline productivity over the region, and provide a simple numerical analogue for Assumed Crop Properties  Potato Corn, Grain | | What questions can we explore? Effects of the Uncertainty in Planting Date on Yield 'f‘nfvtzecroi;(z;nspi::two
production potential. The sensitivity of this index was evaluated with respect to Plant Density (pl/m?) 4.7 6.9 * How much food can the ESR produce? <%0 | =40 states used: Maine
changes in management (planting and harvesting dates) as well as changes in Caloric Content (kcalidry g) ~ 3.73 4.07 « What crop grows best where? §30 Pt | éso : 1t . (E'\)"(E;n';":;yt':'li é'\gz)-
climate (temperature, precipitation, and atmospheric carbon dioxide). Future Moisture Content 0.80 0.115 - How can we mitigate effects of CC? S 20 - g&’ S 20 - , Lotps " uncert;limy, ays'
climate was simulated by adjusting monthly statistics used by the weather < 10 vizah < 10 =1 spread of +30% for ME
generator CLIGEN based on downscaled global climate model data. The results of g, %% a XMD g XMD and x80% for MD.

g 70 80 90 100110120130140150160 g 3/27 4/6 4/164/26 5/6 5/165/26 6/5 6/15 * Will need to explore as

this study could be used by regional planners for anticipating the potential risks of
climate change (CC) and evaluating different mitigation strategies such as

mOdifying crop management. POten tl al Pro d U Ctl Oon Cag aC It ! Total Harvested Area over ESR (ha)

a way to mitigate CC
effects, see below.
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« Adding marginal land not currently used

« Evaluate the potential production capacity (PPC) for the ESR
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1) Input data layers (weather, soil, management, land use) are P00 PRI ety 3o = i SRR | . L L s P . Sigeescedue ¥ .
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georeferenced and Organlzed in ArCG |S fOr the reglon Of |ntereSt. 2 :’&@3‘ 7 > s > GCM future climate cha-nge pre-:dlctlons will be downscaled _to monthly NOAA weather statl_on parameters.
b e )k e 0 £ 2 » In general, the trend of increasing temperatures due to CC is greater away from the Atlantic coast.
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2) Spatially homogeneous modeling units (MUs) are created | | —
) - Preliminary Example -
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o S de e 'ﬁ AN VORI F W MR oo g . %9 o 520 Sim. Potato [ 20.15 - 2250 ) mm 15.60 - 18.51 RI -43%  MD “17% mm 1560 -
- M L L ) »\i‘\, ~ \"“ 4,, ‘if“' e iy BN e alh > + Obs. Potato [ 22.51 - 24.92 * Current Y| calculation has mm 18.52 - 23.05 P NH _28% DE -88%
ey (N c||:m|tMSp(t:II::tLy S N y.] A - U N qdn B =15 X Sim. Corn || =§‘7‘§§§Z:j a side effect of weighting m‘_g}f MA 51% WV -44%
i 2 osatster st R ke == %’ P T _ %r@l — 2 +0bs. Com ] more to corn yield, since gks'f R (N3\T( :jggjz o wilEE
essen Polygons. i A (P XL == - = e > 10 [ x there is more corn area. N
5 * Future iterations will try a « The increase in temp has a more significant
NS [EEEE more balanced approach. effect on yield in the southeast by the coast.
: : 0 i i i » Possible mitigation by adding irrigation or
* Input Variables | Crop Models Output Variables 36 37 38 39 40 41 42 43 44 45 46 A7 L e M p—— e e —
- SPUDSIM . g the planting g _ - .
Weather Model a Daily Weather Data S IAZSIM Plant Dry Mass County Latitude (Degrees) ViR ke Y| - Simulated * In Maine, a 20% drop in YI from
CEGEN Soil Profile Data Soil Model Water Uptake State Obs.  Sim. Overall Yield Index (Potato and Corn) for Maine the Baseline to the CC Scenario.
Management Data 2DSOIL Nitrogen Uptake * Both crops had a north- o imi Water-limited Conditions Non-limited Conditions | Hovv_ever, when i
J 9en b Potato-Corn Comparison south trend of average VT 2508 2588 | | RN . applied, there is only a 3% drop
40 yield over the ESR. RI 1993  24.86 | | index (Mkcaliha) Observed Baseline  CC Baseline  CC in the overall YI.
< . NH  20.44  24.39 — o . « Each county will likely require
: ) : : : : < 30 * Water-limited potato model | MA 2413 2360 || =0 2 o Yield Index 22.18 22.83 18.19 30.69 29.62 different mitigation strategies
3) For each unique input combination, 30 independent growing g underestmated yield inthe. | 7 2488 2350 | | man-ur T
. . ~ 20 south, showing the nee - - S : : : : :
seasons are simulated with SPUDSIM and MAIZSIM. 5 for irrigation. This was less | P2~ 2268 2306 | | Meo-szes Total Potential Production Capacity is dependent on the Yield Index and Harvested Area.
o- 10 of a factor for corn. VD DG G Sonty | PPC increases or decreases if either (1) YI changes, which is f(weather, soil, management) or
4) Output Is spatially linked and aggregated to the county level. The 50 . 4 || Comparing equivalen DE__2L78 10,9 , P (2) Harvested Area changes, which is dependent on land use and regional planning.

M nd corn h
Us, potato and cornhad | {)" g5, 5 77
a positive correlation. ESR 2256 23.36

top 3 MUs per county are used to reduce the number of simulations Future work will refine the Y1, simulate the effect due to CC and explore mitigation strategies.
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