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Abstract In this paper, the parameterization schemes of soil moisture influence on evapotranspiration in four widely
used land surface models, i.e. CLM3.5 (Community Land Model Version 3.5), Noah LSM (The Noah Land Surface
Model), VIC (Variable Infiltration Capacity) and SSiB (The Simplified Simple Biosphere Model), are simplified.
Experimental observation data are used to evaluate the performance of these parameterization schemes and assess the

simulation ability of the models on the relationship between soil moisture and evapotranspiration for the purpose to
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provide theoretical bases for improving the simulation ability of models. Results indicate that the parameterization

schemes of soil moisture influence on bare soil evaporation in CLM and SSiB are more consistent with the real physical

processes than those in Noah LSM and VIC, and the impacts of soil moisture on bare soil evaporation in CLM and SSiB

are greater than those in Noah LSM and VIC. For vegetation evapotranspiration, the parameterization scheme of soil

moisture influence on evapotranspiration in CLM is more realistic than those in the other three models, and the impacts of

soil moisture on vegetation evapotranspiration in CLM and SSiB are greater than that in VIC and the impact in

Noah_LSM is the weakest. Observation data in arid region, semi-arid region, semi-humid region and humid region are

analyzed respectively. Results show that the parameterization schemes of soil moisture influence on evapotranspiration in
CLM, SSiB and Noah LSM are better than that that in VIC, and the parameterization schemes in CLM and SSiB are
better than that in Noah LSM at several stations. In addition, the parameterization schemes in all the four models perform

better in arid and semi-arid regions than in semi-humid and humid regions.

Keywords Soil moisture, Evapotranspiration, Land Surface Model, Fitting, Parameterizations
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Table 1 The abbreviations, full names, starting and ending time of observation data, and primary vegetation types on the

underlying surface of each station of the American Flux Net
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Table 2 The underlying surface conditions of each station
in arid and semi-arid areas of China
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3.2 Noah_LSM (The Noah Land Surface Model)
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Fig. 1 Distribution of global average precipitation during 1981-2010. The black dots show the locations of all gauge stations used in this paper
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Fig. 2 Scatterplots of daily mean evapotranspiration (units: mm d') versus soil moisture (solid black spots)at (a) Dongsu station and (b) US-Cop station in

arid region, and the best fitting curves generated by fraction fitting (blue line), exponent fitting (red line), and linear fitting (green line)
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Table 4 Correlation coefficients (») and root mean square
errors (RMSE) between observed evapotranspiration and
optimal fittings of evapotranspiration in arid region. All
correlation coefficients are significant at the 99%

confidence level

r RMSE/mmd’

il AEIE REIUE SME ARG REdRE LrRE
ARIp 0.768 0.764 0.762 0.452 0.455 0.456
US-Cop  0.475 0.470 0.408 0.283 0.283 0.293
Ty 0.622 0.617 0.585 0.368 0.369 0375
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Table 5 Correlation coefficients (») and root mean square
errors (RMSE) between observed evapotranspiration and
optimal fittings of evapotranspiration in semi-arid region.
All correlation coefficients are significant at the 99%
confidence level

r RMSE/mmd™"
el AERE fRERE KRG SEIUE BEdE LrRlE
US-Aud  0.647 0.639 0.579 0676  0.682 0.722
US-Bk  0.749 0.721 0.687 0.758 0.793 0.831
US-Ctn 0817 0.816 0.807 0.638 0.641 0.653
US-Fuf  0.761 0.759 0.750 0.572 0.574 0.583
US-Fwf  0.606 0.605 0.604 0.641 0.641 0.642
US-SRM  0.878 0.877 0.876 0.373 0374 0.376

JH 0.508 0.466 0.385 0.947 0.987 1.014
Ak 0.560 0.560 0.559 0.866 0.866 0.866
ST 0.763 0.756 0.740 0.728 0.752 0.758
T 0.674 0.665 0.652 0.711 0.719 0.731
P 0.696 0.686 0.664 0.691 0.703 0.718
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Table 6 Correlation coefficients (r) and root mean square
errors (RMSE) between observed evapotranspiration and
optimal fittings of evapotranspiration in semi-humid region.
All correlation coefficients are significant at the 99%
confidence level

r RMSE/mmd™'

s RIS SEEEG A UG SREdG iy

US-AR1  0.553 0.553 0.553 1.268 1.268 1.268
US-AR2  0.613 0.613 0.609 0.807 0.807 0.810
US-Bkg 0.374 0.337 0.330 1.209 1.228 1.231
US-Ton  0.775 0.770 0.759 0.425 0.429 0.437
LN 0.437 0.432 0.429 0.974 0.987 0.979
P 0.550 0.541 0.536 0.937 0.944 0.945
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Fig. 3 Scatterplots of daily mean evapotranspiration (units: mm d ') versus soil moisture (solid black spots) at stations (a) US-Aud, (b) US-BIK, (c) US-Ctn,
(d) US-Fuf, (e) US-Fwf, (f) US-SRM, (g) Tongyu Grassland, (h) Tongyu cropland, (i) Dingxi, (j) Yuzhong in semi-arid region, and the best fitting curves
derived by fraction fitting (blue line), exponent fitting (red line), and linear fitting (green line)
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Fig. 5 Scatterplots of daily mean evapotranspiration (units: mm d ') versus soil moisture (solid black spots) at stations (a) US-DK2, (b) US-FR2, (c) US-IB1,
(d) US-KS2, (e) US-Pfa, (f) US-WBW, (g) US-Wrc in humid region, and the best fitting curves generated by fraction fitting (blue line), exponent fitting (red

line), and linear fitting (green line)
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F 7 REX Sk S KRN B AL B RS
HIZEEEZ BRMEXRE () MHAFIRIRE (RMSE), B
US-DK2 ufi b, HHXRHITIEIT 99%H) BE 4810
Table 7 Correlation coefficients (») and root mean square
errors (RMSE) between observed evapotranspiration and
optimal fittings of evapotranspiration in humid region. All
correlation coefficients are significant at the 99%
confidence level except that in US-DK2

r RMSE/mm d”!

W HUS SRBOUS ARG 2 HaUS fREU S e

US-Dk2 0.023 0.053 0.040 1.223 1.001 0.970
US-FR2 0.429 0.401 0.296 0.960 1.017 1.015
US-IB1 0.136 0.114 0.112 1.276 1.286 1.280
US-KS2 0.183 0.120 0.079 0.908 1.017 0.917
US-Pfa 0.327 0.331 0.323 0.971 0.969 0.972
US-WBW  0.194 0.223 0.187 1.047 1.040 1.048
US-Wrc 0.354 -0.362 0.376 0.578 0.665 0.572
Ty 0.235 0.126 0.202 0.995 0.999 0.968
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