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Table 1 The observation items in Dadongshu Pass Site and Arou Site
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Table 2 The Noah sensitive parameters which control the water-heat process simulation in cold alpine area
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Table 3 Initial values of soil temperature, soil liquid water content and total
soil moisture in Dadongshu Pass Site and Arou Site
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/m 0. 10 0. 30 0. 60 1.00 0. 10 0. 30 0. 60 1. 00
/K 258. 27 260. 37 264. 34 269. 95 265.47 268.61 273.12 275.03
/% 1. 84 2.29 4. 31 0. 89 8.99 10. 23 22.26 12.22
/% 42.77 12. 35 10. 56 10. 36 48.16 34. 83 27.45 12.22
9 . 2(b) 2(d) s
. Noah ’
5 16 ,
’ 14 ’
FRZK 0 15,
FRZK 01,005 02 ,
N FRZK 1:100 R
2007 12 31 16.00(UTC ,
) s 2009 7 17 15:00
1 h. 9 )
4 C 3, N
) 3 (El) nd (d) ’
Noah ] ’
9 s
N N N N 1:100
1 3 .+ 500 . /
hPa ’ s ’
(FRZK)  Noah
2009 5 26 2009 5 29 ,
, MicroMet Lol , )
. FRZK Noah
2 2
. FRZK ,
2.1 N (FRZK) ’ ,
14 ) s
0. 05,0 1,0 15 0. 2 4 FRZK s
, 2(a) 2(c) 4(b), (d) ) FRZK
s ) 0. 15 01 ,



130 35
294 70
200| (@) Sem Hsiik o YRR A T RSB Sembtsith 631 (b) Som Wk it
286 - —— b 15 PR R Semith iR gg r o MR LAt T Som LR A R
2ol — Ol Semihi ol —— B A TR Sem + 2 Ak A i
2o i — W Sem b B RS B
o %ﬂ 40}
= 35k
I= % 30l
éﬂ 25F
201
15
10
5.
O‘ 1 1 1 1 1 1 1 | — I 1 1 1
1234567 891011121 2 34 56 78
294 70
65 F
290} (¢) 25cm Higk TR 4 P T R Semt i sol @ 25em Wik
2861 kAR PR Somt iR 55 ) o ST -L A AF TR om - Rk &
282 e W 25t I 501 —— Wb TS em R AR A B
278 ) e 451 — W25em 1 Ak A R
¥ oa74 & 0r
2 % By
g ~ 30}
266 « 251
262 |3 ?g -
258% 10
2541 & 5
TR TR TN WA TN SN SN SO SRS SN SO NN N N N S T | e s s ST T T ST T e s s e e st W R
250123456739]0]]12]234567H 0]2345678910]1]21234567H
20085 20094 20084 20094F
2 (2008-01—2009-07)
Fig. 2 Variations of soil temperatures (a and ¢) and soil liquid water contents (b and d)
with soil types in Dadongshu Pass Site (2008-01—2009-07)
294 70 ey
200} (a) 5cm HijE o FRIRIBEZ M TR SemBhiR 2(5] I (®) 5em ﬁmﬂ(ﬁﬁ
s 3 i99) Scm r
286 i 55 1 o FHRHBEA P B Sem LR HEA A A it
e . 50 M P B Som - R Ak &
28} j s a5t — Wl Sem A A B
2ot 40
= % 35F
o 270F 41 30}
266 25F
262 ot
151
25815 oL
254 § 5} 4
zsolzlélléf‘i?:é;)llolllllzllIZéLIISL‘Ii?‘J'] 0123456789101112123456 7H
204 70
290 F(c)25em Hifk ° FRBUHLIAR FF F G 25em i 651 (d) 250m AR AR
286} B AR TR 25 emiti 22 i
22} i sof o FRBRHINEAR PF T Ut 2Sem £ A K At
278 45t LA TR 25em 2 AR A i
X a0 £ 40t e WL 250 - 2 i KA
2 o 35t
= 270 % 30
266 a os)
262 1 IIJ_(S] =
258 % ok
254 & 5
123 456 78 91011121 23 4 56 7H 1 23456 7 891011121 23 4 56 7H
20084 20094F 20084F 20094
3
Fig. 3 Variations of soil temperatures (a and ¢) and soil liquid water contents (b and d)
with vegetation types in Dadongshu Pass Site
FRZK 0. 15 s

2.2

, FRZK 0. 15.



131

ik HE/K

i HE/K

262

250

294
290
286
282
278
274
270
266
262

258§

254
250

5Ca)

9

5(b)

/K

11

(@) Sem Hailk °  FRZK=0.154 fF FHilscmii
3 FRZK=0.1%% #F T #dtl Semith i
3 e ) Semit i

23 4567891011121 23 456 71

| (c) 25cm Ht i o FRZK=0.15% ft TR Semiig
| FRZK=0.14 f} B2 5cm i
e W 2 5o 3R

34567 891011121 23 456 7TH

20084 20094

4

65 [ (b) Sem AR E B
60 F
sl o FRZK=0.154fF FHdysem L Eilidsk & &
50| FRZK=0.15AF PRl sem b BAK & &
45 e W Sem A= S AR R
£ 40F
B 35F
¥ 30t
4251
20
151 §
10 L ¥
51 o o~
0 23456%&;61'0]'1]'2‘] 234567H
70
65 L (d) 25em AR A R
60+
554
50} °  FRZK=0.15%F FHEE25emt 2 Ak &
a5k FRZK=0.14 1 FHi25em 2 i Ak At
£ 40t e W 250m 2 K
i 351
%
4T
1 23 4567891001121 23456 78
20084 20094
(FRZK)

Fig. 4 Variations of soil temperatures (a and ¢) and soil liquid water contents (b and d)

with FRZK in Dadongshu Pass Site

2008 10 1

294
290
286
282
278
274
270
266
262
258
254

| (a) W) (2008-09—11)

250
9

12/
5

Fig. 5

1

6Ca), 6(b) 7 ,

0. 08 m 2

[31—32]

2.3

/K

274.0
2739
2738}
maf
27361
2735
273.4 WL Scmit i

733k MMWW
32t
i f

273.0 1 1 1 I 1 1 I 1
00 02 04 06 08 10 12 14 16

| (b) B 112008-10-01

18 20 22 24

Variations of air temperature and soil temperature in Dadongshu Pass Site




35

132
4 4
(a) KA&RILEED (b) 2
~ 3t ~ 3t
a.E ,.,é
< 2f 2 ot
] I
% %
g | ! g ]
¥ : i
ol i ! 3 L ; 4 0 aanrionds VI v i i
0123 4567 891011121 234 56H 0123 4567 891011121 234 56H
6 (a) (b) (2008-01-01—2009-07-17)
Fig. 6 Precipitation observed in Dadongshu Pass Site (a) and Arou Site (b) in the period of Jan 1st, 2008 to Jul 17th, 2009
0.80 S— . — . 0
0.72 ek 0.004
0.64 —0.008
0.56 410.012
048} {0016
£ €
B 040} {0020 2
Ea B
0321 10,024 %
&
0241 -10.028
0.16 -10.032
0.08F WL T 5 H0.036
0 I i :'3 ‘4 -SIH 0.040
7 (2008-01-01-—2008-05-31)
Fig. 7 Observed snow depth and precipitation in Dadongshu Pass Site in the period of Jan. 1st to May 31st, 2008
, Noah (o). (e ,
/ ,
. b
, 5 cm, 25 cm , ,
70 cm . , Yang ¥
, 0.6
0.5h
8 . NOah )
’ . 8 ’ Noah
(), (o). (e ) NSE . ,
0.7 , 2008 1—
3 b b
b b
b b .
. 8(b), (d. (D 9(b), (d)., (D )
s s 2008
, 4 6 ,
b b
9 D) Noah 8(3)\ (b) 1) 2008 4
9(a), 6 , 0~5 cm



1 133
294 70
2901 o BiflSemMuin (a) Sem 2R 65F o il Semt B AR A (b) Sem A
286 F A Semif i 22 [ I Som 1 E AR A R
282 50k
st NSE=0.727 o st
N S a0)
= ¥ st NSE-0.521
= 270F T sof
266 b
uf 7
258 g4 0t ;
254 5] el
W34 5 67801011121 2345 678 %72 3456780101 121 23 456 7R
294 70
290F o BEH2SemitiR 25cm +E R 65F o H2Sem A A d)25cm bk G
286} —— M5l e O] —— 5o Rk A L
282F _ 50k
NSE=0.873 < a5k
§ E gg: NSE=0.751
<] < -
T2 3456789101121 23456 74
70
290 o HE70cmitR 651 o fpl 70cm |- AR A B
286 | MM 70cmith I (e) 70cm /= AR glg - T 700m L2 g A kS (D 70cm A KA &
282+ S0
278 NSE=0.796 . a5r
§ 274t E 40r NSE=0.483
B oof % »r
266} a« ol
262 ?g*
258} ol
254 5
M et e i
20084 20094 20084F. 20094F
8
Fig. 8 Variations of soil temperatures (a, c and e) and soil liquid water contents (b, d and {),
observed and simulated, in Dadongshu Pass Site
272 K , 0~5 cm
276 K s s 272 K 276 K
5~25 cm 273 K , 5~25 cm 4 5
s , 273 K y 0
’ ’ ) ~5 cm 5~25 cm
ONS cm ) B) 6 [}
, 5~25 cm , 25~70 cm 273 K
1 K y , 5~25 cm
274 K , s s
b
, 2009 4 , 0~5 cm
6 , 2008 .
, 6 0°C
, , 2009 4 6 , ,
2008 Lsel | , Noah
9(a), (o). (e) , 4 6



134

K

/K

35
300 90
296 F ol SemitiE (a)5em L /EHR 841 o HiflSem TR AR A (b) Sem k&
202 | —— i Semiift ;g [ = AR Sem - il A A i
288 -
284 NSE=0.856
280 S
276 H
272 %
268 «
264
260
256
paal 0 ol 1
1 234567 80910111212345¢6 7 1234567 89101112 123456 74
300 90
296 | o H2semifiE (©)25cm /2 841 o fp2sem EEMAAL R (&) 25em A A Ik
202 | = WM 25cmithifh L4 B 25em £ A A A it
288 - 66
284 . 60F
280 NSE=0.724 = 541
o 481
276 2 I NSE=0.383
272 41
268 |
2641 ‘\\&
260
256
aspl 0 obv v
1 234567 891011121 23456 78 1 234567 891011121 23456 74
300 90
2961 o Rl 70cmiiR (e) 70cm 1 E 1R 84F o B 70em Rk AR A (H)70cm BAARE R
292 | —— W T0cmitriFh T8I == M 70em 1B A A
288 66}
2841 NSE=0.351 gg -
b 42
m % 5[ NSE fitfil
268 « gg-
264 :
260 18
12
256 sk
2eple o 0 oL
123456 789101112123 456 7 123456 78910111212 3456 7
20084 20094 20084E 20094
9

8(a), (o), (e

Fig. 9 Variations of soil temperatures (a, c and e) and soil liquid water contents (b, d and ),

0.1~0 3 m

10

Noah v3. 3

9Ca), (o)., (e

observed and simulated, in Arou Site

28]
284}
280
276
272
268
264
260f,,
256 1
252} ¢

K

0. 04 m,
[25]

Koren

NSE=0.929

o 2m SR
Ferli TR A

{
2

whk

Fig. 10 Va

456 7 89 1011121
200848

2 m

riations of simulated surface temperature

and observed 2-m air temperature

in the Dadongshu Pass (
) 2008 1 2009 7



135

1
(1) Noah
(2)
(3) , 0°C
) .
(5) . .
, Noah
(http://westdc. westgis. ac.
Cn) , “ ”

(References) :

[1] Lu Ling, Li Xin, Cheng Guodong. et al. Analysis on the
landscape structure of the Heihe River Basin, Northwest Chi-
na[J]. Acta Ecologica Sinica, 2001, 21(8): 1217 — 1224,
1393. [ s . . .

[J]. , 2001, 21(8): 1217—1224, 1393. ]

[2]  Chen Rensheng, Lii Shihua, Kang Ersi, et al. A distributed
water-heat coupled (DWHC) model for mountainous water-
shed of an inland river basin( [ ): Model structure and equa-
tions[J]. Advances in Earth Science, 2006, 21(8): 806 —
818. [ s s PR

(I): L1l ,
2006, 21(8): 806—818. ]
[3] Chen Rensheng, Lii Shihua, Kang Ersi, et al. A distributed

water-heat coupled (DWHC) model for mountainous water-

[4]

(6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

shed of an inland river basin ( [[ ): Model results using the
measured data at the meteorological & hydrological stations
[J]. Advances in Earth Science. 2006, 21(8): 819 — 829.
L . , .

QIpE L. ,
2006, 21(8): 819—829. ]
Chen Rensheng, Gao Yanhong, Kang Ersi, et al. A distribu-
ted water-heat coupled(DWHC) model for mountainous wa-
tershed of an inland river basin([ll ) : Model results using the
results from MM5 model [ J]. Advances in Earth Science,
2006, 21(8): 830—837. [ , , ,

M. MM5
[J]. , 2006, 21(8); 830—837. ]

Wang L. Koike T, Yang K, et al. Frozen soil parameteriza-
tion in a distributed biosphere hydrological model[ J]. Hy-
drology and Earth System Sciences, 2010, 14. 557 —571.
Gao Yanhong, Cheng Guodong, Cui Wenrui, et al. Coupling
of enhanced land surface hydrology with atmospheric me-
soscale model and its implement in Heihe River Basin[J]. Ad-
vances in Earth Science, 2006, 21(12). 1283—1292, 1394.
L . , .
[yl . 2006, 21
(12): 1283—1292, 1394. ]
Li Xin, Ma Mingguo, Wang Jian, et al. Simultaneous remote
sensing and ground-based experiment in the Heihe River Ba-
sin: Scientific objectives and experiment design[J]. Advances
in Earth Science, 2008, 23(9): 897—914. [ ’ ’

s

[1]. . 2008, 23(9): 897—914. ]

LiX, LiXW, LiZY, etal. Watershed allied telemetry ex-
perimental research[ J]. Journal of Geophysical Research,
2009, 114(D22103), doi: 10.1029/2008]JD011590.

Chen F, Janjié Z, Mitchell K. Impact of atmospheric surface-
layer parameterizations in the new land-surface scheme of the
NCEP mesoscale Eta model[ J]. Boundary-Layer Meteorolo-
gy, 1997, 85(3): 391—421.

Kato H, Rodell M, Beyrich F, et al. Sensitivity of land sur-
face simulations to model physics, land characteristics, and
forcings, at four CEOP sites[J]. Journal of the Meteorologi-
cal Society of Japan, 2007, 85A; 187—204.

Ma Yaoming, Tsukamoto O, Wang Jiemin, ez al. Analysis of
aerodynamic and thermodynamic parameters on the grassy
marshland surface of Tibetan Plateau[ J]. Progress in Natural
Science, 2002, 12(1): 36—40.

Barlage M, Chen F, Tewari M, et al. Noah land surface
model modifications to improve snowpack prediction in the
Colorado Rocky Mountains[ J]. Journal of Geophysical Re-
search: Atmospheres (1984 —2012), 2010, 115(D22), doi:
10.1029/2009JD013470.

Yang K, Chen Y Y, Qin J. Some practical notes on the land
surface modeling in the Tibetan Plateau[ J]. Hydrology and
Earth System Sciences, 2009, 13(5): 687—701.

Yang K, Koike T, Ishikawa H, et al. Turbulent flux trans-
fer over bare-soil surfaces: Characteristics and parameteriza-
tion[ J]. Journal of Applied Meteorology and Climatology,
2008, 47(1): 276 —290.

Chen Y, Yang K, Zhou D, et al. Improving the Noah land

surface model in arid regions with an appropriate parameter-



136

35

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

ization of the thermal roughness length [J]. Journal of
Hydrometeorology, 2010, 11(4): 995—1006.
van der Velde R, Su Z, Ek M, ez al. Influence of thermody-
namic soil and vegetation parameterizations on the simulation
of soil temperature states and surface fluxes by the Noah LSM
over a Tibetan plateau site[ J]. Hydrology and Earth System
Sciences, 2009, 13(6): 759—777.
Wang Jian, Che Tao, Li Hongyi, et al. WATER: Dataset of
automatic meteorological observations at the Dadongshu
mountain pass snow observation station[ DB/OL]. Cold and
Arid Regions Environmental and Engineering Research Insti-
tute, Chinese Academy of Sciences, 2008, doi: 10.3972/wa-
ter973. 0295. db. [ . s s
[DB/
OL]. , 2008, doi:
10. 3972/ water973. 0295. db. |
Hu Zeyong, Ma Mingguo, Jin Rui, et al. WATER: Dataset
of automatic meteorological observations at the A'rou freeze/
thaw observation station[ DB/OL]. Cold and Arid Regions
Environmental and Engineering Research Institute, Chinese
Academy of Sciences, 2008, doi: 10. 3972/water973. 0279.
db. [ , , PR
[DB/OL].
, 2008, doi: 10. 3972/water973.
0279. db. ]
Huang Guanghui, Ma Mingguo, Tan Junlei, et al. Data
quality control and products of automatic weather stations for
watershed allied telemetry experimental research[J]. Remote
Sensing Technology and Application, 2010, 25(6). 814 —
820. [ , , s
L. .
2010, 25(6);: 814—3820. ]
Ek M, Mahrt L. OSU 1-D PBL Model User’s Guide[ M ].
Dep. of Atmos. Sci. , Oreg. State Univ. , Corvallis, 1991.
Mahrt L, Ek M. The influence of atmospheric stability on
potential evaporation[J]. Journal of Climate and Applied Me-
teorology. 1984, 23 222—234.
Mahrt L, Pan H. A two-layer model of soil hydrology[ J].
Boundary-Layer Meteorology, 1984, 29(1): 1—20.
Pan H-L, Mahrt L. Interaction between soil hydrology and
boundary-layer development[ ]J]. Boundary-Layer Meteorolo-
gy, 1987, 38(1—2). 185—202.
Schaake J C, Koren V I, Duan Q Y, etal. Simple water bal-
ance model for estimating runoff at different spatial and tem-
poral scales[ ]J]. Journal of Geophysical Research: Atmos-
pheres (1984—2012), 1996, 101(D3) . 7461 — 7475,
Koren V, Schaake J, Mitchell K, ez al. A parameterization
of snowpack and frozen ground intended for NCEP weather
and climate models [ J]. Journal of Geophysical Research,
1999, 104(D16): 19569—19585.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Ek M B, Mitchell K E, Lin Y, et al. Implementation of No~
ah land surface model advancements in the National Centers
for Environmental Prediction operational mesoscale Eta model
[J]. Journal of Geophysical Research: Atmospheres (1984 —
2012), 2003, 108(D22), doi: 10.1029/2002JD003296.
Bao Yan, Lii Shihua, Zuo Hongchao, et al. Application of
Regional Climate Model (RegCM3) in Northwest China II;
Sensitivity experiment for domain choice and cumulus convec-
tion parameterization[ J]. Journal of Glaciology and Geocryol-
ogy. 2006, 28(2): 175—182. [ s , ,
RegCM3 I
L1l . 2006, 28(2): 175—182. ]

Nan Zhuotong, Li Shuxun, Liu Yongzhi. Mean annual
ground temperature distribution on the Tibetan Plateau: Per-
mafrost distribution mapping and further application [ ] ].
Journal of Glaciology and Geocryology, 2002, 24(2). 142—
148. [ s , .
[l , 2002, 24(2): 142—
148. ]
Mitchell K. The Community Noah Land-surface Model
(LSM), User’s Guide, Public Release Version 2. 7. 1[ M].
NCEP/EMC, USA, 2005. http://wenku. baidu. com/view/
90918568a45177232{60a2b9. html.
Liston G E, Elder K. A meteorological distribution system
for high-resolution terrestrial modeling (MicroMet)[J]. Jour-
nal of Hydrometeorology, 2006, 7. 217—234.
Li Hongyi, Wang Jian, Hao Xiaohua. Influence of blowing
snow on snow mass and energy exchanges in the Qilian Moun-
tainous[ J]. Journal of Glaciology and Geocryology, 2012, 34
(5): 1084—1090. [ , , .

[J7. , 2012, 34(5): 1084—
1090. 7
Yang Junhua, Qin Xiang, Wu Jinkui, ez al. Distribution and
variation of spring snow cover in Laohugou watershed of the
Qilian Mountains[ J]. Journal of Glaciology and Geocryology .
2012, 34(5); 1091—1098. [ s , s

[
, 2012, 34(5): 1091—1098. ]

Yang K, Koike T, Ye B, etal. Inverse analysis of the role of
soil vertical heterogeneity in controlling surface soil state and
energy partition[ J]. Journal of Geophysical Research: At-
mospheres (1984 —2012), 2005, 110(D8), doi: 10. 1029/
2004JD005500.
Jin Ming, Li Yi, Liu Xiande, ez al. Interannual variation
characteristics of seasonal frozen soil in upper middle reaches
of Heihe River in Qilian Mountains[]J]. Journal of Glaciology
and Geocryology, 2011, 33(5): 1068—1073. [ . .

[J]. , 2011, 33(5): 1068—1073. ]



137

Simulating the Water-Heat Processes on Typical Sites in the Mountainous

Areas of the Upper Reaches of the Heihe River
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Abstract: The Noah land surface model (LSM) is
widely used to simulate water-heat processes in
global or regional land surface studies. However ,
there are few studies on its applicability in cold al-
pine area characterized by high elevation and cold
climate condition. So far, no study has been con-
ducted using Noah LLSM in the upper reaches of the
Heihe River, a typical cold alpine area. In this pa-
per, based on the observation from 2008 to 2009 ,
Noah LSM was applied to simulate water-heat
processes in two typical sites, e. g., Dadongshu
Pass Site and Arou Site, located in the upper rea-
ches of the Heihe River. A comparison between
simulated and observed soil temperatures and soil
liquid contents shows that Noah LLSM is able to de-

scribe the actual water and heat processes in such
alpine cold regions. Soil temperature is simulated
generally well, with a few biases in winter. Simu-
lated soil liquid content is generally lower than ob-
served one. Large biases in soil liquid simulation in
the upper layers can be seen obviously in spring,
when frozen soil begins to thaw. Abovementioned
simulation problems are largely related with the in-
sufficient considerations of Noah LSM in soil pro-
file heterogeneity, resulting in incorrect estimating
ice content in spring, as well as with the inaccurate
precipitation observation, especially in winter. A-
part from the applicability of Noah LSM, observa-

tion quality is also discussed in this paper.

Key words: Noah land surface model; land surface processes; water and heat processes; Heihe River basin



