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ABSTRACT

Improving and validating land surface models based on integrated observations in deserts is one of the
challenges in land modeling. Particularly, key parameters and parameterization schemes in desert regions
need to be evaluated in-situ to improve the models. In this study, we calibrated the land-surface key
parameters and evaluated several formulations or schemes for thermal roughness length (z0h) in the common
land model (CoLM). Our parameter calibration and scheme evaluation were based on the observed data
during a torrid summer (29 July to 11 September 2009) over the Taklimakan Desert hinterland. First, the
importance of the key parameters in the experiment was evaluated based on their physics principles and the
significance of these key parameters were further validated using sensitivity test. Second, difference schemes
(or physics-based formulas) of z0h were adopted to simulate the variations of energy-related variables (e.g.,
sensible heat flux and surface skin temperature) and the simulated variations were then compared with
the observed data. Third, the z0h scheme that performed best (i.e., Y07) was then selected to replace the
defaulted one (i.e., Z98); the revised scheme and the superiority of Y07 over Z98 was further demonstrated
by comparing the simulated results with the observed data. Admittedly, the revised model did a relatively
poor job of simulating the diurnal variations of surface soil heat flux, and nighttime soil temperature was
also underestimated, calling for further improvement of the model for desert regions.
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1. Introduction

Desert is considered to be one of the most impor-
tant underlying surfaces in redistributing the Earth’s
surface energy budget, primarily through its high sur-
face albedo and low soil surface moisture (Knorr et
al., 2001; Konare et al., 2008). Consequently, the dif-
ference in heating up atmosphere by desert surfaces

results in horizontal contrasts in surface heat fluxes,
and the contrasts promote land–atmosphere interac-
tions and energy transport processes. In terms of heat
fluxes, surface sensible heat transport is the most im-
portant component in modeling the land–atmosphere
interactions in desert regions where latent heat flux is
negligible due to lack of vegetation and precipitation
(Li et al., 2001; Veenendaal et al., 2004). Land sur-
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face models (LSMs) have been developed and tested
in a variety of underlying surfaces to estimate the sur-
face energy budget. But they have been rarely tested
in desert conditions simply due to lack of in-situ ob-
servation data. Our field and modeling investigations
showed that LSMs unsatisfactorily estimate the sur-
face energy budget in the Taklimakan Desert hinter-
land. This study was thus designed to calibrate the
parameters and to select appropriate parameterization
scheme using the in-situ observed data to improve the
modeling performance of LSMs. The major surface en-
ergy fluxes include sensible heat flux (H), latent heat
flux (LE), and surface soil heat flux (G0). Compared
to H, LE is negligible and can be omitted for desert
areas. H is closely related to aerodynamic roughness
length (z0m), thermal roughness length (z0h), surface
albedo (α), and surface emissivity (ε). G0 is closely
linked to soil thermal conductivity (λs). The objec-
tive of this study were threefold: (1) to determine the
key parameters of LSMs and assess the sensitivity by
the CoLM (Dai et al., 2003), (2) to estimate the values
of the key parameters in torrid summer and revise the
z0h scheme, and (3) to evaluate the performance of the
revised CoLM.

In this paper, section 2 briefly introduces the sites
and observed data. Section 3 describes the land sur-
face processes and key parameters for desert regions.
In section 4, we present the values of key parameters of
LSMs in torrid summer. Section 5 includes the evalu-
ation of the performance of the revised key parameters
and parameterization scheme. Section 6 is composed
of concluding remarks.

2. Sites and observed data

The Taklimakan Desert, the greatest aridity in
China (Warner, 2004), fills the expansive Tarim Basin
between the Kunlun Mountains and the Tibetan
Plateau to the south and the Tian Shan (Celestial
Mountains) to the north. It is known as the world’s
second largest shifting sand desert, 85% of the area
consisting of shifting and crescent-shaped sand dunes.
According to the observed data from the Tazhong me-
teorological and auto-meteorological stations in the
center of the Taklimakan Desert, the annual average
temperature is 12.4◦C and the mean annual precip-
itation is only 11.05 mm, with a mean annual po-
tential evapotranspiration of 3638.6 mm. The high-
est recorded temperature is 45.6◦C and the lowest
recorded temperature is −22.2◦C. The average wind
speed is 2.5 m s−1 and the highest instantaneous speed
reaches 24.0 m s−1 (cf. Wang et al., 2001; Han et al.,
2004; Yang et al., 2008b). The Taklimakan Desert
plays a significant role in forming the climates of the
northwest arid region in China and even by altering
the energy balance and probably also by altering the
atmospheric chemistry resulting from dust storms that
originated there (Miller and Tegen, 1998; Washing-
ton, 2003). Our observation data were obtained at
Tazhong Station for Desert Atmospheric Environment
Observation and Experiment (38◦58′N, 83◦39′E, eleva-
tion 1099 m); the station is located in the Taklimakan
Desert hinterland region (Fig. 1). An automatic mete-
orological station and a metal tower of 80 m in height
were used to observe the atmospheric flux, aerosol, ra-
diation and other data. To ensure the accuracy and

Fig. 1. A highway crosses the Taklimakan Desert, the observation station near the
highway at Tazhong is ∼200 km from the desert marginal zone. The locations of
Tazhong A and Tazhong B are around the Tazhong station shown in the top left.
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Table 1. Measuring items, levels and sensors at Tazhong A.

Item Height or depth Sensor

Wind speed profile 0.5, 1, 2, 4 m Vaisala, WAA151
Air temperature and humidity profile 0.5, 1, 2, 4 m Vaisala, HMP45D
Surface skin temperature Appage, IRR-P
Soil temperature profile 5, 10, 15, 20, 40 cm Vaisala, QMT103
Soil moisture profile 2.5, 5, 10, 15, 20, 40 cm Campbell, CS616
Soil heat flux 2.5, 5, 8 cm Hukseflux, HFP01SC
Solar radiation 1.5 m Kipp & Zonen, CM11
Long-wave radiation 1.5 m Kipp & Zonen, CG4
Turbulent fluxes 3 m Campbell, CSAT3

reliability of observations, two supplementary stations,
i.e., Tazhong A and Tazhong B, were built (see Fig.
1). Our data are primarily from Tazhong A, because it
is located at naturally desert-covered area. The data
items used in this study are included in Table 1. The
automatic sensors provided average values (30-min in-
tervals) for the period 29 July to 11 September 2009.

3. Parameterization

3.1 Surface flux parameterization

To estimate the surface fluxes, including turbulent
fluxes of momentum and sensible heat, we use the flux–
gradient relationships in a surface layer that can be
described with the Monin-Obukhov similarity theory.
Given wind speed U at level zm, air temperature Ta at
level zh, surface skin temperature Tg, and roughness
lengths z0m and z0h, surface fluxes can be parameter-
ized as

τ = ρ(U/rm) , (1a)
H = ρcp(θg − θa)/rh , (1b)

rm =
(

ln
zm

z0m
− ψm

)2

(k2U)−1 , and (2a)

rh = Pr

(
ln

zm

z0m
− ψm

)(
ln

zh

z0h
− ψh

)
(k2U)−1 ,

(2b)

where τ is the surface stress, rm is the momentum
transfer resistance, rh is the heat transfer resistance,
ρ is the air density, θa(= Ta + zhg/cp) and θg(= Tg)
are local potential temperatures, cp is the specific heat
of air at constant pressure, g (=9.81 m s−2) is the
gravitational constant, k (=0.4) is the von Kármán
constant; Pr is the Prandtl number (=1 if z/L>0
and 0.95 if z/L<0), L[≡ Tau

2
∗/(kgT∗)] is the Obukhov

length, u∗[≡ (τ/ρ)1/2] is the frictional velocity, T∗
[≡ −H/(ρcpu∗)] is the frictional temperature, and ψm

and ψh are the integrated stability correction terms for
wind and temperature profiles, respectively.

We adopted the ψm and ψh formulations from the
universal functions in Högström (1996) and the mathe-
matical form of the correction terms in Paulson (1970),
for stable surface layers:

ψm = −5.3(zm − z0m)/L , (3a)
ψh = −8.0(zh − z0h)/L , (3b)

and for unstable surface layers:

ψm =2 ln
(

1 + x

1 + x0

)
+ ln

(
1 + x2

1 + x2
0

)
−

2 tan−1 x + 2 tan−1 x0 , (4a)

ψh =2 ln
(

1 + y

1 + y0

)
, (4b)

where x = (1 − 19zm/L)1/4, x0 = (1 − 19z0m/L)1/4,
y = (1− 11.6zh/L)1/2, and y0 = (1− 11.6z0h/L)1/2.

As seen in Eqs. (2a) and (2b), one primary cause
of the difference between rm and rh is the inequality
between z0m and z0h. z0m is mainly determined by
surface morphology, while z0h cannot be directly mea-
sured and thus needs to be parameterized. The mag-
nitude of this difference is often described with the di-
mensionless number defined by kB−1[= ln(z0m/z0h)]
(Garratt, 1994). The kB−1 value is typically pos-
itive because the relation z0m>z0h generally holds.
In essence, momentum is more efficiently transferred
due to pressure drag around individual roughness el-
ements, while heat transport is strongly governed by
molecular diffusion close to the surface (Haverd et al.,
2010). Much of the literature has dealt with the kB−1

schemes (e.g. Sheppard, 1958; Owen and Thomson,
1963; Brutsaert, 1982; Zilitinkevich, 1995; Zeng and
Dickinson, 1998; Yang et al., 2002; Kanda et al., 2007;
Yang et al., 2007b), but the adaptation of the schemes
to deserts have not yet been well researched. This
study primarily focused on the selection of the param-
eterization scheme suitable for deserts.
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3.2 Land surface processes and key parame-
ters in desert regions

Our second major parameterization task was to
determine the key parameters controlling the surface
energy and radiation budget balances, and this task
was accomplished by analyzing the following two equa-
tions:

Rn = H + LE + G0 , and (5a)

Rn = (1− α)R↓sw + ε(R↓lw − σT 4
g ) , (5b)

where Rn is the net radiation, G0 is the surface soil
heat flux (positive downward), R↓sw and R↓lw are the
downward solar and long-wave radiation, respectively,
and σ(= 5.677 × 10−8) is the Stefan-Boltzman con-
stant. G0 can be written as

G0 = λs(Tg − Ts)/zs , (6)

where λs is the soil thermal conductivity that mainly
depends on both soil water content and soil type, Ts is
the soil temperature at depth zs (positive downward).

As stated earlier, the latent heat flux can be ig-
nored, and the other two terms, H and G0, dominate
the surface energy budget. From Eqs. (1) and (2), the
roughness length z0m and z0h are crucial parameters
in determining H. From Eq. (6), the soil thermal con-
ductivity λs is key parameter in determining G0. From
Eq. (5b), the surface albedo α and surface emissivity
ε are key parameters in the surface radiation budget.
Therefore, those parameters (i.e., z0m, z0h, α, ε and λs)
are the key parameters determining the surface energy
flux partitioning and they should be set accurately in
the LSMs.

4. Land surface model and parameterization

4.1 CoLM description

The CoLM is a land surface model based on the
physical components of three existing land surface
models: the BATS scheme (Dickinson et al., 1993), the
land surface model (LSM; Bonan, 1996), and the snow
model of Dai and Zeng (1997) (IAP94). The CoLM
was developed to utilize the best aspects of each of
the three codes and combined them to form a state-of-
the-art land surface parameterization for use in climate
models.

The CoLM includes 12 components: (1) two big-
leaf models for leaf temperatures, photosynthesis-
stomatal resistance; (2) two-stream approximation for
canopy albedo calculation with the solution for singu-
larity point and the calculations of radiation for two
separate canopy conditions (i.e., sunlit and shaded);
(3) new numerical scheme of iteration for leaf tem-
perature calculation; (4) new treatment for canopy

interception with the consideration of the fraction of
convection and large-scale precipitation; (5) soil ther-
mal and hydrological processes with the consideration
of the depth to bedrock; (6) surface runoff and sub-
surface runoff; (7) rooting fraction and water stress
on transpiration; (8) use of a grass tile 2-m-height air
temperature in place of an area average for matching
the routine meteorological observations; (9) perfect en-
ergy and water balance within every time-step; (10) a
slab ocean-sea ice model; (11) global soil dataset and
land cover/land use dataset; (12) totally CoLM coding
structure.

4.2 Aerodynamic roughness length

Aerodynamic roughness length z0m is not phys-
ically based and thus cannot be measured directly.
Many methods that estimate its value have been devel-
oped, for instance, the least-squares iterative method
(Schaudt, 1998; Takagi et al., 2003); the Newton it-
erative method (Dolman, 1986; Zhao et al., 2004);
the mass conservation hypothesis method (De et al.,
1985; Lo, 1990; Liu et al., 1997); the single-level sonic
anemometer to estimate z0m (Rotach, 1994; Zhang and
Chen, 1997; Martano, 2000; Gao and Bian, 2004); and
the peak frequency of ln(z0m) to estimate z0m by Eqs.
(1)–(4) (Yang et al., 2008a).

In this study, four-layer wind speeds near neutral
conditions were adopted to estimate z0m. The SAS
(Statistics Analysis System) software was employed to
calculate the frequency of ln(z0m). The density estima-
tion of ln(z0m) was estimated through fitting normal
distribution. The optimal value of z0m is the value
corresponding to the peak frequency in the histogram
of ln(z0m). The frequency distribution of ln(z0m) and
the histogram (Fig. 2) show that the optimal value
of ln(z0m) is −10.157, i.e., the optimal value of z0m is
3.88×10−5 m, in agreement with the observed value of
z0m (1.2–4.5)×10−5 m obtained at a flat, sandy region

Fig. 2. Frequency distribution of ln(z0m) parametric
density estimation at Tazhong A. The optimal value of
ln(z0m) is −10.157, which has the highest frequency in
the curve.
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Table 2. Flux parameterization schemes of kB−1.

Formula Reference Abbreviation

kB−1 = ln(Pr ×Re) Sheppard (1958) S58
kB−1 = kα(8Re)0.45Pr0.8 Owen and Thomson (1963) OT63
kB−1 = 2.46Re0.25 − 2 Brutsaert (1982) B82
kB−1 = 0.1Re0.5 Zilitinkevich (1995) Z95
kB−1 = kαRe0.45 Zeng and Dickinson (1998) Z98
kB−1 = 1.29Re0.25 − 2 Kanda et al. (2007) K07
z0h = (70v/u∗)× exp(−βu0.5

∗ |T∗|0.25) Yang et al. (2007a) Y07

Note: The roughness Reynolds number Re = z0mu∗/v, v is the fluid kinematical viscosity, v = 1.5×10−5 m2 s−1, Pr= 0.71 in S58,

k = 0.4, α = 0.52 in OT63 and Z98, and β = 7.2 m−1/2 s1/2 K−1/4 in Y07.

of the Maowusu Desert (Mei et al. 2006). Thus, the
defaulted value of z0m in the CoLM, 0.01 m, was re-
placed with 3.88×10−5 m.

4.3 Thermal roughness length

As mentioned earlier, the thermal roughness length
z0h is usually derived from the relation equation:
kB−1[= ln(z0m/z0h)]. Yang et al. (2008a) evaluated
several schemes (Table 2) within the framework of
Monin-Obukhov similarity theory and indicated that
z0h depends on the flow state and exhibits diurnal vari-
ations. Yang et al. (2008a) then demonstrated that the
Y07 scheme performed better than the others. The
Y07 improved the LMSs that tended to systematically
underestimate the diurnal range of surface skin tem-
perature differences in semiarid and arid regions (Yang
et al., 2007b). We thus adopted the Y07 scheme to re-
place the Z98 scheme in the CoLM.

4.4 Surface albedo

Surface albedo is mainly determined by soil color
and moisture and can be calculated from measure-
ments of the solar radiation components. Its diurnal
variations appear as a flat U-shaped curve on a sunny
day as measured on 9 August 2009 (Fig. 3). To reduce
the exaggeration of solar reflection resulting from low
solar-elevation-angle during sunsets and sunrises, the
weighted mean method was employed to calculate the

Fig. 3. The observed diurnal variations of surface albedo
at Tazhong A on 9 August 2009.

mean surface albedo:

ᾱ =
∑ Ri∑

Ri
αi ,

where the subscript i is the time index, αi is the sur-
face albedo, Ri is the surface reflected solar radiation
(Zhang and Huang, 2004). The weighted mean albedo
estimated using the above formula was 0.253 during
observation period and was close to the reported desert
surface albedo (0.250) from Stull (1991).

4.5 Surface emissivity

To determine the emissivity ε, a physically based
and semi-empirical method was adopted from Yang et
al. (2008a). Specifically, we compared the calculated
surface sensible heat (Hsfc) with the observed surface
sensible heat (Hobs) to try out the emissivity ε and the
calculation is based on the following equation:

Hsfc = ρcp[θg(ε)− θa]/rh (7)

Thus, the heat flux (positive upward) must have the
same sign as that of θg(ε) − θa. Because θg(ε) =
Tg(ε) = f(ε,R↑lw, R↓lw), the surface skin temperature
Tg can be calculated on the basis of the observed up-
ward long-wave radiation R↑lw and the observed down-
ward long-wave radiation R↓lw:

Tg = [(R↑lw − (1− ε)R↓lw)/(εσ)]1/4, (8)

where Hsfc is estimated from Eqs. (1)–(4). If ε is
either overestimated or underestimated slightly under
near-neutral conditions (i.e., θg = θa), then the esti-
mated Hsfc may have the sign opposite to the observed
Hobs. Therefore, the difference between Hsfc and Hobs

is sensitive to the value of ε and ε is estimated us-
ing near-neutral heat fluxes by minimizing the root-
mean-square difference (RMS) between Hsfc and Hobs.
In other words, the minimum in RMS constrains the
value of ε.

Considering the characteristic of extreme aridness
in the Taklimakan Desert hinterland, the ε can be as-
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Fig. 4. Surface emissivity dependence of RMS between
observed near-neutral heat fluxes and parameterized heat
fluxes at Tazhong A. The optimal value of surface emis-
sivity (∼0.91) corresponds to the minimum RMS.

sumed to be a constant throughout the observing pe-
riod. Figure 4 shows that the ε value corresponding
to the minimum RMS is 0.91.
4.6 Soil thermal conductivity

Soil thermal conductivity λs is affected by several
factors, including soil density, constituent, porosity,
and moisture. Normally, soil density and soil con-
stituent are stable, and λs does not vary with these
properties. Consequently, λs increases with soil depth
owing to decreased soil porosity and soil moisture.
However, their values (i.e., λs values) modeled by the
CoLM, produced by semi-theoretical or semi-empirical
methods, are all equal (0.267) in 10 soil layers at the
Tazhong A. These modeled values are not consistent
with observed values, calling for calibration of this pa-
rameter for different soil layers.

To calibrate this parameter, we used the observed
λs at four different depths to nonlinearly interpolate
the λs values for all 10 depths, and the values of λs

were calculated as follows:

λs = − Gs

∂Ts/∂z
, (9)

where Gs is the soil heat flux (positive downward), Ts

is the soil temperature at depth z. Table 3 lists the
observed λs values and their corresponding depths.

5. Simulation and sensitivity test

5.1 Sensitivity test to the key parameters

The sensitivity of H and Tg to z0m, α, ε, and λs

were investigated within the framework of the CoLM.
The error metrics between observed and simulated re-
sults include: Bias, SEE (Standard Error of Estimate),
and NSEE (Normalized Standard Error of Estimate).
They are defined as

Bias =
1
n

n∑

j=1

(xj − yj) , (10a)

SEE =

√√√√ 1
n− 2

n∑

j=1

(xj − yj)2 , (10b)

NSEE =

√√√√
n∑

j=1

(xj − yj)2/
n∑

j=1

y2
j , (10c)

Table 3. The soil thermal conductivity (λs) at Tazhong A.

Soil depth (cm)

2.5 5 8 20

Soil thermal conductivity λs (W m−1 K−1) 0.158 0.267 0.271 0.306

Note: The value at 20 cm soil depth was observed and others were calculated.

Table 4. Sensitivity test of the observed and simulated sensible heat fluxes (H), surface skin temperatures (Tg) to
different parameters, ε (Y07) notes that the original z0h scheme replaced by Y07 in the CoLM.

H (W m−2) Tg (◦C)

Parameter Parameter value Bias SEE NSEE Bias SEE NSEE

z0m 0.010 10.214 43.187 0.437 −4.679 5.872 0.168
0.001 2.897 26.930 0.272 −3.690 4.653 0.133

α 0.228 10.214 43.187 0.437 −4.679 5.872 0.168
0.456 −11.216 24.867 0.251 −5.733 7.051 0.202

ε 0.96 10.214 43.187 0.437 −4.679 5.872 0.168
0.91 13.513 46.238 0.468 −4.381 5.627 0.161

ε (Y07) 0.96 3.062 21.794 0.220 −2.609 3.508 0.101
0.91 −0.442 19.880 0.201 −3.044 3.885 0.111

λs (10 layers) default 6.566 29.303 0.296 −3.953 5.554 0.159
observed 8.042 34.801 0.352 −4.235 5.610 0.161
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Fig. 5. Comparison of the diurnal variations of the
ln(z0h) using different kB−1 schemes on 23 August
2009.

Fig. 6. Comparison of original and revised model. (a)
sensible heat flux (H), and (b) surface soil heat flux (G0)
and (c) net radiation (Rn).

where xj is simulated data, yj is observed data, n is
the sample number.

Two values are tested to the key parameters: the
first is a default value of the CoLM and the second is
a given value (Table 4). Compared with the default
values, the given z0m decreased by 10 times, and the

Fig. 7. Comparison of original and revised model. (d)
surface skin temperature (Tg), and (e) soil temperature
of 5 cm depth and (f) 15 cm depth.

given α increased by 2 times. The calibrated param-
eters were provided for ε and λs values as the given
values. The major findings are as follows.

(1) H is highly sensitive to z0m and α, and sensitive
to ε and λs.

(2) Tg is sensitive to z0m and α, less sensitive to
ε, and is not sensitive to λs. The fact that Tg is less
sensitive to ε contradicts with the Eq. (8), in which Tg

is quite sensitive to ε. Thus, we replaced to the Z98
scheme with the Y07 scheme so that the contradiction
is resolved. As expected, it shows Tg is sensitive to ε,
and the Y07 scheme produced deviations lower than
those of the Z98 scheme, illustrating that the revised
z0h scheme is more consistent with observation data.

5.2 Experiment of kB−1 schemes

Table 5 shows the error metrics of the observed and
the simulated H and Tg with different kB−1 schemes.
It shows that the B82 and Y07 schemes significantly
reduced the error metrics. Taking 23 August 2009 for
example, amplitudes of variations of ln(z0h) simulated
with different kB−1 schemes in the CoLM also support
the notion that B82 and Y07 produced more reason-
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Table 5. The error metrics of the observed and the simulated sensible heat fluxes (H), and surface skin temperatures
(Tg) for different kB−1 schemes.

H (W m−2) Tg (◦C)

kB−1 Bias SEE NSEE Bias SEE NSEE

S58 1.208 25.607 0.259 −3.436 4.406 0.126
OT63 11.279 45.365 0.459 −4.827 6.076 0.174
B82 −3.941 19.196 0.194 −2.747 3.896 0.111
Z95 10.173 43.159 0.436 −4.671 5.863 0.168
Z98 10.214 43.187 0.437 −4.679 5.872 0.168
K07 6.035 34.907 0.353 −4.089 5.113 0.147
Y07 −0.442 19.880 0.201 −3.043 3.885 0.111

Fig. 8. Comparison of the averaged half-hourly variation of the (a) sensible heat flux (H), and (b) surface
soil heat flux (G0), and (c) net radiation (Rn), and (d) surface skin temperature (Tg), (e) soil temperature
of 5 cm depth (T5) and (f) 15 cm depth (T15) over the entire observing period. Circles represent the
observed data, the dot black lines represent the simulated results by the original CoLM, and solid black
lines represent the simulated results by the revised model.

able results (see Fig. 5). That is, other schemes did
not produce the expected amplitude of diurnal vari-
ations. The Y07 scheme seems to be superior to the
B82 scheme in simulating sensible heat in comparison
with the observation data, and we thus chose the Y07
as the revised scheme to update the original CoLM
scheme.

5.3 Simulations and evaluations

The CoLM, originally using default parameters and
Z98 scheme as z0h scheme, was optimized into a revised
model by implementing the calibrated parameters and
the Y07 scheme as the z0h scheme. Then, both original
and revised models were run against the observed (or

forcing) data from Tazhong A. In all simulations, the
soil moisture and soil temperature were initialized with
the observations. Figures 6 and 7 show the compar-
isons between the observed and the simulated results,
including H, G0, Rn, Tg, and soil temperatures. The
left panels show the comparison between the original
model-simulated results and the observed data, and
the right panels show the comparison between the re-
vised model-simulated results and the observed data.
The error metrics (Table 6) show that the errors were
greatly reduced by using the calibrated parameters
and adopting the revised z0h scheme. The superior-
ity of using the calibrated parameters and adopting
the revised z0h scheme can be better demonstrated by
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Table 6. The error metrics of the observed and the simulated results from the original and revised CoLM, respectively.

The original CoLM The revised CoLM

Item Bias SEE NSEE Bias SEE NSEE

Sensible heat flux (W m−2) 10.275 43.130 0.436 −3.626 12.650 0.128
Surface soil heat flux (W m−2) 0.953 33.659 0.521 2.250 15.867 0.245
Net radiation (W m−2) −1.650 17.786 0.101 −1.071 13.131 0.075
Surface skin temperature (◦C) −4.665 5.640 0.162 −0.570 1.984 0.057
Soil temperature (5 cm) (◦C) −5.060 5.582 0.169 −1.265 1.966 0.059
Soil temperature (15 cm) (◦C) −3.902 4.066 0.130 −0.507 0.735 0.023

the averaged half-hourly variations. In other words,
the both observed and simulated (original and revised)
data are half-hourly averaged for the entire observing
period (i.e., from 29 July to 11 September 2009) to
produce average diurnal variations (Figs. 8a–f). The
averaged diurnal variations unequivocally support our
adoption of the calibrated parameters and the revised
z0h scheme.

6. Concluding remarks

(1) The key parameters affecting the performance
of LSMs in desert regions are z0m, z0h, α, ε, and λs.
Sensitivity tests found that H is sensitive to all of these
key parameters and that Tg is sensitive to all but λs.

(2) We demonstrated that the Y07 scheme per-
forms considerably better than the Z98 scheme for
desert regions, and the defaulted key parameters (i.e.,
z0m, α, ε, and λs) were also calibrated against the ob-
served data, and the calibrated parameters were then
used to replace the defaulted ones.

(3) Although the revised model improved the per-
formance significantly, the revised model did a rela-
tively poor job of simulating the diurnal variations of
surface soil heat flux. The revised model also no-
ticeably underestimated nighttime soil temperature.
Therefore, efforts are warranted to further improve the
model for desert regions.
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