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Abstract Bad data quality and imperfect parameterizations are major sources of uncertainties in the land surface
modeling. Gaussian Error Propagation (GEP) principle is used to study the propagation of key plant and soil param-

eters-burden random errors in the Common Land Model (ColLM), and to quantify the resultant uncertainties in the
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ColLM modeling. Results show that:

(1) Based on the uncertainties of soil and plant parameters specified in this study, the relative errors of surface
soil temperature and moisture as well as plant evapotranspiration (canopy transpiration plus ground evaporation)
simulated by the CoLLM are 0. 11%., 34.07%, and 5. 58% . respectively. The highest uncertainties exist in simula-
tions of sandy and sparsely vegetated areas. Compared to the random error of plant parameters, that of soil parame-
ters affects the Col.LM’s simulation more remarkably; moreover, soil hydraulic parameters (porosity, saturated ma-
trix potential, pore-size distribution index, and saturated hydraulic conductivity) contribute more (saturated soil al-
bedo and volumetric heat capacity) to the modeling uncertainties than thermal parameters. As to all the simulated
physical quantities in this study, the pore-size distribution index is always the most critical, which is probably asso-
ciated with the function describing the relationship between matrix potential and volumetric water content. Porosity
of sand and saturated hydraulic conductivity of clay is secondly important. The standard deviations of root distribu-
tion on the underlying surface of mixed forest and aerodynamic roughness length on the underlying surface of tundra
make an appreciable contribution to evapotranspiration. The empirical parameters with higher relative errors are not
necessarily greater contributors to the standard deviation of the predicted physical quantities.

(2) Under dry soil conditions (the surface soil liquid water saturation degree is below 0. 1), the standard devia-
tion of soil temperature is typically the highest. The soil moisture uncertainties are higher in the soil experiencing
phase changes (the surface soil temperature is near 0 “‘C and the surface soil liquid water content is above 0). The
stochastic error of evapotranspiration grows with increasing of the absolute value of flux itself, and is much more
significant in relatively warm and dry environments (the surface soil temperature is above 280 K and the soil liquid
water saturation degree is below 0. 3).

The research verifies that GEP is able to identify the critical parameters and parameterizations of the ColLM,
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thus is significant for parameter determination, uncertainty analysis as well as model improvement.
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Table 1
sponding soil and plant types

Notations of various land surfaces and the corre-

=W L Kt
FEHb sandV7 loamV7 clayV7
HEAR sandV8 loamV§ clayVs
TR FRA sandV15 loamV15 clayV15
i B AR AR sandV19 loamV19 clayV19
Mot & 5 sandV21 loamV21 clayV21
REER sandV22 loamV22 clayV22

R2 MRERNERSHINHHTE
Table 2 Empirical parameters and output variables involved

in the paper
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Table 3 Relative error of soil empirical parameters (% )

s =] ag 05Cs 7s ¥s b ks
Wt (Sand) 7.8  8.17 21.53 52,17 49.46 34.81
i+ (Loam) 7.8  5.80 16.86 12.87 31.62 49.41
Hit (Clay) 7.8  2.58  7.48  8.33 34.03 170.37

F4 HEWERSHMBRERENEITIRE (%)
Table 4 Relative error of plant empirical parameters and sur-

face roughness length (%)

AP A 20 d D V220 25
B (Grassland) 10 10 10 10 20
#EA (Shrubland) 10 10 10 10 20
IBAFRM (Mixed forest) 10 10 10 10 20

&AM (Barren or sparse vegetation) 10 10 10 10 20
M E R (Wooded tundra) 10 10 10 10 20
RZEH R (Mixed tundra) 10 10 10 10 20

Meélders (2005) F1 Molders et al.,, (2005), £
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*5 REIEERESERAEE (B K)/HAMREE 17
EHTHE
Table 5 Averaged standard deviation (SD, units; K)/relative

error of surface soil temperature in 17 years

i+ HAt b SR
T b 0.62/0.22% 0.184/0.07% 0.213/0.08% 0.302/0.11%
WA 0.609/0. 22% 0.178/0.06% 0.199/0.07%

TRASHRIR  0.200/0.07% 0.076/0.03% 0.081/0.03%
TRBRARFR  0.681/0.24% 0.230/0.08% 0.282/0.10%
MHE R 0.562/0.20% 0.178/0.06% 0.197/0.07%
IRACEIR 0.571/0.20% 0.180/0.06% 0.195/0.07%
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Fig. 1 The ratios of -, ks- and zo-induced surface soil temperature uncertainty to total uncertainty
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Fig. 2 The ratio of z¢-induced uncertainty to total uncertainty
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Fig. 7 The ratios of several parameters-induced plant evapotranspiration uncertainty to total uncertainty
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Fig. 8 Plant evapotranspiration uncertainty and the value itself as well as environmental variables arranged in order of increasing of (a, b)

environmental variables, (¢) plant evapotranspiration, and (d, e) uncertainty values
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