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function of the aridity index (9):

Introduction

In hydrology, Budyko curves are used as a first estimation of actual evapotranspiration (ET) as a

ET ?

P~ 1+ F(9)

= F(0)

However, Budyko curves do not work to estimate ET in areas with lots ot irrigation (Figure 1a).

To 1nvestigate the impact of irrigation, we divided the watershed into two parts including mountainous
area (without irrigation) and plain area (with irrigation) (Figure 1b & 1c, respectively). As shown in the
fioures, in the plain area with irrigation, the amount of evaporation ratio exceeds one.

Here we aim to find a solution for areas with lots of irrigation and still use the Budyko curve

Non-irrigated area and (c) Irrigated area .

Figure 1- Plots of evaporation ratio vs aridity index
showing Budyko curves and data points for 248
HRU;, (a) Whole area of Neyshaboor watershed, (b)
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Solutions

S1: Separating actual evapotranspiration (E) coming from rainfall (E;) and irrigation

(Ep and calibrate Fu and Yang equations for the evapotranspiration coming from
rainfall only (with E, potential evapotranspiration , P precipitation, and I irrigation).

EP_ Q) . . Epot
?‘1+f(@)_F(®)_F( p )

The amount of evapotranspiration from irrigation water can be estimated as follow

(RC is recharge as estimated with a SWA'T model):
E, =I1—RC
EI =(

S2: Including irrigation in the Budyko framework and incorporating irrigation water

in dry season

1n wet season

inflow 1n water availability (Ep; is total evapotranspiration from both irrigation and
precipitation).
Epy 0

P+I:1+f(¢):F(¢):F(

Epot)
P+1

S3: Using water footprint definition, estimating effective rainfall (part of rainfall
stored in the root zone and can be used by the plants by SWAT model.

Ep = min(EPH»Peffective)

S4: Using water footprint definition, estimating effective rainfall by USDA.

Perrective = 125+ 0.1P  if P > 250 mm/year

Peffective = = (125 — 0.2P)  if P < 250 mmy/year

Table 1. Statistical comparisons of two Budyko frameworks using three solutions for Neyshaboor watershed.

Yang
Area Solution
o R?> RMSE: RMSEy n R?> RMSE: RMSEy
S1 1.60 (1.59, 1.62) ™ 0.35  0.15 0.15 0.85 (0.84, 0.87) 0.36  0.15 0.15
o S2 1.73 (1.71,1.74) 0.06  0.18 0.18 0.99 (0.97,1.01) 0.05  0.18 0.18
S3 1.60 (1.59, 1.61) 0.35  0.15 0.15 0.85 (0.84, 0.87) 0.37  0.15 0.15
S4 1.319 (1.316, 1.322) 0.69  0.08 0.08 0.568 (0.565,0.571)  0.75  0.07 0.07
S1 1.84 (1.81,1.86) 0.49  0.10 0.15 1.08 (1.06, 1.10) 049  0.10 0.15
Lerigated S2 2.30 (2.27,2.32) 0.33  0.08 0.08 1.60 (1.57,1.62) 0.32  0.08 0.08
S3 1.84 (1.81, 1.86) 0.49  0.10 0.15 1.08 (1.06, 1.10) 0.50  0.10 0.15
S4 1.338 (1.334, 1.343) 0.67  0.07 0.07 0.585 (0.581, 0.589) 0.74  0.06 0.06
Non-irrigated - 1.56 (1.55, 1.57) 0.38  0.15 0.15 0.81 (0.80, 0.83) 0.40  0.15 0.14

“RMSE for calibration data, ™ RMSE for validation data, “*Confidence interval (95%) shown in parenthesis.

Results & Discussion

According to the Table 1, S4 shows the highest R? and the lowest RMSE. But, since the
USDA estimated a very low amount for etfective rainfall, the amount of parameters o« and
n for S4 are less than those for other solutions.

Figure 2 shows the plotted data and fitted model for whole area of the watershed for S4.
S1 and S3 showed similar results.

Conclusion & future research

® Although the S4 solution showed the highest R* and the lowest RMSE, we prefer the S1, because of
more reliable results and similar behavior to Schreiber, Oldekop, Budyko and Pike equations.

® Although S1 and S3 showed nearly similar results, S1 is preferred, because it needs less data than S3.

® For the catchments with adequate data, it is better to investigate the solutions and calibrate the
equations using ground-based data, especially actual ET.

Future research:

® Calibration of the equations using moditied SEBAL algorithm.

® Calibration of the equations with the real data for the catchment and for other catchment.

® Estimation of runoff using the E'T estimated using Budyko curves.
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‘Figur_e 2- Plotted data and fitted model for whole area of the‘water_shed for S4 (a) Fu équation and (b) Yang equation.

Figure 3- Plotted data and fitted model for whole area of the watershed for S1 (a) Fu equation and (b) Yang equation.
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