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Impact of climate change on agricultural production in the Columbia River basin.
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Introduction Modeling Framework Representative Results

1 Rising temperature and changes in the frequency and magnitude of d We applied our newly-devel oped system of linked models, including the VIC 0 Thereisasmall changein annual water supply and irrigation demands (around 5%) in the 2030s at
precipitation events dueto climate change (IPCC-AR4 report) are hydrology model (Liang et a. 1994), a dynamic crop systems model (CropSyst: the CRB scale. There are seasonal, regiona and crop-specific differences.

anticipated to affect crop production, water availability and quality, and Stockle et al. 2003), reservoir models for the Columbia River Mainstem (ColSim:

flood risk in the PNW (Stockle et al 2009, Elsner et al 2009, Hamlet and Hamlet et al. 1999) as well as select tributaries. Bl 1 coz efiect

L ettenmaier 2007). “ 2. Pracipitation effect
E 3. Temperatura affect
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Legend for figures 1a, 1b and 1c

4 Irrigation demand and crop yield for each crop type in the basin as well as supply
are ssmulated using VI1C-CropSyst, while water management (reservoirs and
curtallment) are ssimulated as a separate process. |f curtailment occurs, VIC-
CropSyst simulations with reduced irrigation are repeated to examine the effects of

1 Agricultureisavital part of the economy in the Pacific Northwest
(PNW) , with an annual value over $5 billion in Washington State aone.
In 2008, PNW wheat production alone accounted for $1.7 billion, the .
third largest value in the United States (NASS, 2009) . SUE T

% change in irrigation demands

 The eastern side of the Cascade Mountains, which recelves only 5-25” of : : : a otatoes — vidd chanae %
rain annually, is particularly vulnerable to drought. In the last decade, Biophysical Modeling System | 7
there have been 10-20% yield losses during severe drought years, with
an average of $90 million/year (NASS, 2009).
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[ The challenge is to anticipate the probable effects of climate change on Eimu?;;i: of Pt 418 N Phoﬁs[')ca?:]?;tgm o ATETETETHE o # =
the hydrological cycle and make sound land use, water use, and hydrologic cycle X v RESErVOIrs - 1 . " of
agricultural management decisions that will best serve the needs of and crop growth o Y : o

agricultural production while protecting our freshwater resources.

% changein irrigated yields

Il. Flow routed through Figure 1b

flow network and reservoir
simulation
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% change in dryland yields

d Characterize the direct impacts of climate change and CO, levels on IV. lteration u‘f\ / : 0% ﬂ;JL | l?":’ - EIL B
lll. Surface water
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irrigation demands and crop yields in the 2030s in the Columbia coupled simulation
River basin (CRB) | | to accountfor B -
O Characterize theindirect impacts of climate change and CO, levels on irrigation ¢ . diversions extracted for

' ' ' i - irrigation
gﬁ'ﬁé’ '5'35 through water Tights curtailment for the Washington part d The temperature effect is the most dominant effect for changesin irrigation demand. Crops that are able

to utilize the longer available growing season through multiple cuttings (pasture, alfalfa, mint) see
Increases in irrigation demand. Annual crops generally see decreases in demand due to an earlier sowing
date (more precipitation available) and shorter time to maturity.
B . D - t - d Thetemperature and CO, effects are both dominant for changesin irrigated crop yiel rfls. Crop}sthat
asin pescripton Direct and Indirect Effects of Climate Change uilize the longer availeble growing seaon see Increases in yields. For annual crops the et effect
1 The precipitation effect isthe dominant factor for changesin dryland yields.

Figure 1c

] The Columbia River Basin in
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the Pacific Northwest has a { | e h 1 1k F l[' d Although the frequency and amount
drainage area of about 670,000 » . T 10— of curtallment is higher in the 2030s,
: . ) : Climate Change Increased CO, L : :
square kilometers covering all NP : o - the effect of curtallment on yields
_ j Q _ Ganada g (Temperature and Precipitation) levels » i )

or parts of seven statesin the S e L : : are not larger than historical effects.
US as well as British Higher water use efficiencies under

asweil as Bril elevated CO, levelsand earlier as
Columbia. o : g well as faster accumulation of
Potential V|EId (Yp) : B Future — Historical Full Irrigation Yields (Climate Change and CO, effects) bl omass COUId account for th|S

[ 1 Historical Impact Due to Curtailment

< ';ah'h Iﬁ‘_ = E E B Future Impac ue to Curtailmen
-l Water resources are managed i S o : Yield under water limitation ; rutare impact bue fo Curtatiment
to meet several competing %, o | :
demands including | R : Yield under water and nutrient limitations
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hydropower generation, _ | | : _ , : l .
ir>r/igat|?on, na?/igation, Actual yield (Y,) including effects of water < > CO n C I u S I O n S

and nutrient limitations, pests, diseases,

recreation, and fish flows. | o weeds and other factors : | | L _ _ . |
] Water allocation for irrigation : A : 1 Yield response to various factors are crop-specific with regional differences. It isimportant to consider

Q Irrigated agriculture is an water right holders have been : : the full range of crops in estimating regional effects of climate change.

- regularly curtalled : : : N | | -
ggg;tg?th?;tgotﬁgﬁscgmg historically in several parts of t  Wateravailability and irrigation : 4 In the short term, there are both positive and negative effects of climate change on irrigation demands

like tree fruits, wine grapes the basin. This situation is demand and crop yields. These net effects could change over time due to the non-linear, non-monotonic and

and hops are grown in the expected to be exacerbated by competing nature of multiple effects.
region. climate change.

 There are regions of water stress with implications for water managers.




