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A Study on the Hydroclimatic Effects on the Estimation of Annual Actual
Evapotranspiration Using Watershed Water Balance
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Abstract

The main purpose of this study is to understand the effects of hydroclimatic factors on annual actual
evapotranspiration and to suggest the multiple linear regression (MLR) equations for the estimation of annual
actual evapotranspiration from watershed. To accomplish this study purpose, 5 dam watersheds (Goesan
dam, Seomjingang dam, Soyanggang dam, Andong dam, Hapcheon dam) were selected as study watersheds
and annual actual evapotranspiration was estimated based on annual water balance analysis from each
watershed. The estimated annual actual evapotranspiration from water balance analysis was used to evaluate
the MLR equations. Furthermore, the possibility of the estimation of actual evapotranspiration using potential
evapotranspiration equations (Penman equation, FAO P-M equation, Makkink equation, Preistley—Taylor
equation, Hargreaves equation) was evaluated. It has turned out that it is not appropriate to use potential
evapotranspiration for the estimation of actual evapotranspiration because the correlation between actual
evapotranspiration and potential evapotranspiration is very low. The comparison of MLR equations with
current actual evapotranspiration equations indicates that MLR equations can be used for the estimation
of annual actual evapotranspiration. Furthermore, it has turned out that the effects of hydroclimatic factors
on annual actual evapotranspiration from dam watersheds are different in each watershed; however, for
all watersheds in common precipitation has turned out to be the most important climatic factor affecting
on the estimation of annual actual evapotranspiration.

Keywords : dam watershed, water balance, actual evapotranspiration, potential evapotranspiration
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Fig. 6. Comparisons of Actual Evapotranspiration with Potential Evapotranspiration according to the
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Fig. 7. Estimated Actual Evapotranspiration in Each Land Use Condition Based on Zhang et al.’s Equation (2001)

Table 1. Suggested MLR Equations for the Estimation of Actual Evapotranspiration

. R P NR T W RH VPD
am . .
il MLR Equation Sig. Beta | Beta | Beta | Beta | Beta | Beta
18 Sig. | Sig. | Sig. | Sig. | Sig. | Sig.
0.644
Goesan dam AET=-632.947+0.161(P)+198.176(NR) (0.010) 0.453 | 0.937 0.719 | -0.503
+227.841(W)-11.573(RH) [4.246] (0.028) | (0.011) (0.015) | (0.083)
. .. 0.437
Seomjingang| AET=-51.223+0.127(P)+28.837(T) (0.148) 0.331 0.150 | 0.107 0.069
dam +89.041(W)+142.946(VPD) [1.830] (0.054) (0.425) | (0.559) (0.365)
] 0.572
Soyanggang | AET=-35.882+0.053(P)+88.245(T) (0.008) 0.134 0.458 -0.290
dam -9.021(RH) ’ (0.425) (0.009) (0.071)
[4.710]
0.421
Andong dam AET=422.974+0.130(P)+135.474(W) (0.135) 0.343 0.208 | -0.130
g -3.205(RH) ’ (0.059) (0.268) | (0.493)
[2.011]
0.487
Hapcheon | AET=-965.403+0.150(P)+312.767(W) (0.172) 0.506 | 0.546 0.324
dam +149.264(NR) [1‘863] (0.127) | (0.034) (0.294)

Numbers in bold indicate correlation at the significance level o=0.05 (two-tailed test); R=correlation coefficient of the multiple
linear regression; AET=actual evapotranspiration; P=precipitation(mm/year); NR=net radiation(MJ/mZ/day); T=temperature
(°C); W=wind speed(m/sec); RH=relative humidity(%); VPD=vapor pressure deficit(mb); Sig.=significance of multiple linear

regression; Beta=standardized coefficient
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Table 2. Numerical Evaluation of Estimated Actual Evapotranspiration (unit: mm/year)

MPE
Model P METM |METAET| SDM |[SDAET| MaxM |MaxAET| MinM |MinAET| (MAE)
[RESE]
-1.910
1 549.30 60.19 740.48 446.68 (53.741)
[71.580]
-32.433
2 1210.9 | 708.86 | 549.56 | 60.78 | 93.54 | 833.03 | 736.39 | 563.13 | 374.67 159.305
183.208
-33.243
3 719.11 80.96 893.41 555.51 169.549
183.544
-3.796
1 591.00 50.23 703.04 502.41 (83.850)
[103.268]
-25.427
2 1309.6 | 716.75 | 590.76 | 70.74 |114.82 | 823.50 | 808.78 | 513.59 | 289.51 | (129.017)
[156.399]
-7.054
3 609.82 48.39 684.18 481.54 (75.956)
[99.006]
-4.861
1 404.21 60.28 537.55 276.64 (60.733)
[86.305]
-88.770
2 1241.0 | 71292 | 40390 | 55.41 |105.25| 800.27 | 678.81 |598.98 | 229.59 | (309.017)
[328.155]
-54.625
3 582.99 36.78 642.50 509.17 (188.015)
[208.837]
-3.506
1 523.00 41.82 616.87 437.50 (71.835)
[90.273]
-41.398
2 1162.2 | 715.38 | 523.39 | 67.65 | 99.52 | 840.24 | 732.37 |563.64 | 301.90 | (192.997)
[213.938]
-19.745
3 604.10 42.11 683.67 515.36 (99.398)
[121.997]
1.641
1 584.40 46.38 677.93 509.60 (71.477)
[86.072]
-24.204
2 1331.7 | 739.38 | 605.16 | 75.13 | 95.96 | 834.80 | 872.19 | 546.60 | 473.86 | (137.618)
[161.217]
-6.535
3 633.00 46.41 693.22 507.70 (69.717)
[88.371]
1=MLR Eq. 2=Zhang et al. Eq.; 3=Schreiber Eq.; METM=estimated mean AET (mm/year); METAET=observed mean AET
(mm/year); SDM=standard deviation of estimated AET(mm/year); SDAET=standard deviation of observed AET (mm/year);
MaxM=maximum estimated AET (mm/year); MaxAET=maximum observed AET (mm/year); MinM=minimum estimated AET

(mm/year); MinAET=minimum observed AET (mm/year); MPE=mean percentage error (mm/year); MAE=mean absolute error
(mm/year); RMSE=root mean square error (mm/year)
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