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1. Introduction

 Climate change is increasing the precipitation 

uncertainty and will likely cause more frequent 

growing season droughts in the Mississippi 

Portal Region (MPR), negatively impact cotton 

yields. 

 Irrigation can supplement rainfed crop 

production during periodic droughts and reduce 

the risk of cotton yield reduction in the MPR 

(Zhou at al. 2016). 

 However, the lint yield increase may not be 

enough to offset investment in irrigation. 

 Analyzing the risk management benefits of 

supplemental irrigation under increased 

drought risk would help farmers making 

irrigation investment decisions in the MPR.

 Supplemental irrigation of cotton is investigated 

initiating irrigation under three different stages 

of cotton management (First square, First 

bloom, and Mid bloom of cotton growth stages). 

 Historical lint yield data was from a cotton 

irrigation field experiment that conducted 

from 2006 to 2009 in Jackson, TN. Lint 

yields in 2006 and 2008 are used to 

represent the yield in Baseline rainfall 

scenario. Lint yields in 2007 and 2009 

represent yields in drought scenarios and 

wet scenarios, respectively. 

 To get the stochastic lint yields of cotton, 

historical data are assumed as a triangular 

distribution and @Risk is used to simulate. 

2. Objective

3. Data

 Farmers are assumed to be risk averse and maximize their

certainty equivalent (CE) of net cash flows (NCF) to invest in

irrigation defined as

𝑵𝑪𝑭𝒊𝒓𝒓 = 𝑷 × 𝒀𝒘 − 𝑪 × 𝑾− 𝒓𝒂𝒊𝒏𝒇𝒂𝒍𝒍 − 𝑷 × 𝒀𝒓𝒂𝒊𝒏𝒇𝒂𝒍𝒍

where P is lint price of cotton ($/acre), Y is lint yield (lb/acre) which is

a function of water, W is total water applied including irrigation water

and rainfall (acre inches), and C is the cost of pumping water ($/acre

inch) assuming other inputs are applied at the same level as non-

irrigated.

The utility is represented with a negative exponential utility

function expressed as

𝑼 𝑵𝑪𝑭𝒊𝒓𝒓 = 𝟏 − 𝒆−𝒂×𝑵𝑪𝑭𝒊𝒓𝒓

where a is absolute risk-aversion coefficient (ARAC) which is a constant

represents the degree of risk preference (a>0 for risk aversion). The

upper level of ARAC equals 4 (realistic upper level of relative risk

aversion) divides mean of NCFirr

𝑬 𝑼 𝑵𝑪𝑭𝒊𝒓𝒓 = σ𝒌=𝟏
𝟑 𝑷𝒓𝒐𝒃𝒌 × 𝑼(𝑵𝑪𝑭𝒊𝒓𝒓)𝒌

where E(U(NCFirr)) is the expected utility of net cash flow, Probk is the

probability of each weather scenarios where k from 1 to 3 represents

drought, baseline and wet, respectively.

Stochastic Efficiency with Respect to a Function (SERF) analysis is

used to calculate certainty equivalents of irrigation (CEirr) for

decision makers with different levels of absolute risk aversion

using the NCFs of irrigation.

𝑪𝑬𝒊𝒓𝒓 = −(𝒍𝒏[𝟏 − 𝑬(𝑼(𝑵𝑪𝑭𝒊𝒓𝒓))])/𝒂

where CEirr is CE for irrigated production ($/acre).

 The net present value (NPV) can be calculated finally:

𝑵𝑷𝑽 = −𝑰𝑵𝑽 +෍

𝒕=𝟏

𝑻

(𝑪𝑬𝒊𝒓𝒓) /(𝟏 + 𝒓)𝒕+𝑺𝑽𝑻/(𝟏 + 𝒓)𝑻

where NPV is the net present value ($/acre) of CE for investing

irrigation in T (t = 1,…,T) year period, INV is initial investment in the

irrigation technology ($/acre), SV is salvage value ($/acre),r is the risk-

free rate of return.

4. Methods 5. Results

Table 1. Probability of NPV being positive under different irrigation strategies for different ARACs

Absolute Risk Averse Coefficient (ARAC)

Irrigation 

strategy
0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024 0.027 0.030

Irri_FS 44% 18% 3% 0% 0% 0% 0% 0% 0% 0%

Irri_FB 85% 50% 14% 0% 0% 0% 0% 0% 0% 0%

Irri_MB 75% 47% 17% 0% 0% 0% 0% 0% 0% 0%

 To evaluate risk efficient of investing 

supplemental irrigation under different 

irrigation strategies for cotton in the MPR 

under different weather scenarios of 

drought. 

 Results of CEirr under the most drought weather scenario is shown in Fig.1. With the increase of DM’s 

risk averse level, the risk efficient strategy changes from Irri_FB to Irri_MB. Fig.2. shows the probability 

of drought is the third large influential factor on NPV. 
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Fig.1. CEirr for different irrigation strategies under 

the most drought weather scenario where 

Prob(Drought) is 0.6 in the next 30 years

Fig.2. Tornado diagram for variables impact on NPV 

under Irri_MB when ARAC is 0.005

6. Conclusion

 The results of probabilities of NPV being positive is listed in Table.1. As we can see, with the increase of 

decision maker’s (DM) risk averse level, the probability of getting positive NPV is decreasing. When ARAC 

is higher than 0.009, the probability of positive NPV is zero, meaning the investment for irrigation is not 

profitable. 

Irri_FS, FB and MB represent irrigation strategy when irrigation is initiated from First square,First bloom and 

Mid bloom of cotton growth stage. 

 Investment of irrigation technology for cotton in the MPR is not profitable for risk averse DM with ARAC 

higher than 0.009.

 Under extremely drought weather scenario, irrigation initiated at Mid bloom of cotton growth stage is the 

risk efficient irrigation strategy for DM with ARAC higher than 0.006. Irrigation initiated from First square is 

risk inefficient for all DMs.

 The top three influential variables on NPV for DM with ARAC 0.005 are cotton irrigated yield, rainfed cotton 

yield and the probability of drought. NPV increases With the increase of probability of drought, the NPV 




