5 43 5 4 W X < B Vol. 43 No. 4
201947 H Chinese Journal of Atmospheric Sciences Jul. 2019

Wio %, 33 R0, BSOS, 55 2019, o [ PG R ol i A o 0 4% 78 2 00 1A st ol DX =R AN B ARSI R S IR BT 9T (0], RURE 2%, 43(4): 846-
860. Chen Guangyu, Wei Zhigang, Dong Wenjie, et al. 2019. Effects of improvement of land surface subgrid topographic parameterization on
regional temperature and precipitation simulation in western China [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 43(4): 846-860. doi:

o [ 7 58 i T A2 0% ) AR 3t 712 2 B 1K B St
X (X 33 = i A0 B 7K AR A ) S im B 3%

BRI F FARN EXA KB OBK' M EFE AREE
1 AE BRI R At R 2 2 R P 5 B AR S R E S e =, L5 100875
2 Al s R A B 73 5 AR R L BR AT 8 B B [X 330 A — PR B — A A U T2 iy (R BB o0y, ) 4R BRI 519087
3 RF RSB SBE, T R ERIE 519082

T B HRENRKSEIE R, RSB A A, MBS T A5 45 T v 1 A 21 42 G 3 2 (14
FH o B P Bt T J R A P o TR 1) — O P (10 Ok PO s B 7 SR FRAH ) R D AR B, VB0 6 R8Ok I s LT T I s P
KA R, 31X 56 R B U AR T2 MRS e B2 B K P o AR SCYERE T AR 30 NOAH A0 35 7K P A% B
TCIIFIRS, AR AR AR LS5 M = O REATIET, RGBS T (S8 &, HF9IN
2| WRF (Weather Research and Forecasting) A% 3X HghA7 £ (8056, 80 3 ZHAEREIAES, Skl 77 A4
WIS 7 A BT LR, R BT B Sk 7 586 WRE BRI 45 I 5em . 25 L3R 00 MR J4 X8, R & 1
ORI o AR ST 5N A3 ek 0 K R A A 7 b R LRI S 1 ik DA B e e A i i P b R R OB A
KBS, ASEADL A 3R AL E T ] DX 3 Py 3 5 M A T DX A% 7 2 o B ARSI T VR PN At T 7 5 AR 0T D A 96 0 6 i
FE R 45 B o5 ste (5 I 1T DXt 2 7 5 0F 8 K ) RO, A0 L AR, T 4 D) R 6 o o AR R UL B A
BCHE, IR T 2 X R R A T i TR K SRR A AT T AN, T R TR X R b TR T 5 S R T T T R
WG W E o BRI, I T2 X R b R 7 S 6 R B 1)UL 8 SR S O O G b 2 g A U R R 2 A
SEILARY o T A0 DA 3 B8 P TR B AN A T KSR T 2 ) AR, R B A T IR A UL 11 M O T O 4 MO
BB S

KB WRFEN NOAHPFHHAELC HhEPGHE RNEHE S K HhReE P

XEHRE  1006-9895(2019)04-0846-15 FESES  P435+.1 XERFRIAES A
doi:10.3878/j.issn.1006-9895.1807.18156

Effects of Improvement of Land Surface Subgrid Topographic
Parameterization on Regional Temperature and
Precipitation Simulation in Western China

CHEN Guangyu', WEI Zhigang"?>, DONG Wenjie*’, ZHU Xian"?,
CHEN Chen', LIU Yajing', and ZHENG Zhiyuan>’
1 State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University, Beijing

100875

2 Zhuhai Joint Innovative Center for Climate—Environment—Ecosystem, Future Earth Research Institute, Beijing Normal University, Zhuhai 519087

WRREH 2018-04-26; MZHIHAREH 2018-07-24

fEEENY B, B, 1993 R, Wbt sid:, FENERTL R SR . E-mail: chenguang_yu@163.com
EifWEE HERI, Email: wzg@bnu.edu.cn

HEE  FEZE ORI 2016 YFA0602701

Found by National Key Research and Development Program of China (Grant 2016YFA0602701)



4 1
No. 4

Wi 545 vl ] 0 T 2 2 0 A% A 2 e ) 50 o DX 3 TR AT A /R RALL PR S i )T
CHEN Guangyu et al. Effects of Improvement of Land Surface Subgrid Topographic Parameterization on ...

847

3 School of Atmospheric Sciences, Sun Yat-Sen University, Zhuhai, Guangdong 519082

Abstract The land surface provides underlying lower boundary conditions for atmospheric models. Topography plays a
crucial role in the accuracy of the model results. Most of current land surface models use the same atmospheric forcing in
subgrid units within the same model grid, and don’t not consider the influence of subgrid topography on atmospheric
forcing that would impact the simulation of meteorological elements and land—atmosphere interaction. In this paper, a
modified Land Surface Subgrid Topographic Parameterization (LSSTP) is proposed to revise the input atmospheric
forcing according to its relationship with the subgrid terrain height in the NOAH land surface model . The LSSTP is then
introduced into the WRF (Weather Research and Forecasting) model for numerical experiments. Three groups of
numerical experiments have been conducted to investigate the effect of this improvement on the simulation results of the
WRF model. It is found that the new LSSTP introduced in this paper has clearly improved the simulation of 2m air
temperature in the surface over the Tianshan Mountains, the Kunlun Mountains and the southern Qinghai-Tibet Plateau.
However, the new LSSTP shows little improvement on precipitation simulation. In contrast, the experiments with higher
resolution can well simulate precipitation, which is attributed to the fact that the experiment with higher resolution has
been refined in both the land and the atmosphere, while the new LSSTP only considers subgrid effect in the surface.
Temperature simulations using the new LSSTP are improved by revising surface upward long-wave flux and surface
sensible heat flux, while the experiment with higher resolution has simultaneously refined the grids of both the

atmosphere and land, and the improvement of precipitation and temperature simulation is achieved by comprehensively

changing the surface energy balance.
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resent the top 9 subgrid tiles ordered by their respective area fractions
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Fig. 4 Mean surface air temperature at 2 m height averaged over June—-August 2010 (units: °C). (a), (b), (c) and (d) indicate the results of Test 1,
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Fig. 5 Spatial distributions of 2-m surface air temperature index C (units: °C): (a) Differences between Test 1/Test 2 results and observations (nega-
tive values indicate results of Test 2 are more consistent with observations compared to that of Test 1); (b) differences between Test 3/Test 1 results
and observations (negative values indicate results of Test 3 are more consistent with observations compared to that of Test 1); (c) differences between

results of Test 2/Test 1 and results of Test 3 (negative values indicate results of Test 2 are more consistent with that of Test 3 compared to that of Test 1)
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Fig. 6 Same as Fig. 4, but for monthly mean precipitation during June-August 2010 (units: mm)
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Fig. 7 Same as Fig. 5, but for spatial distributions of monthly mean precipitation index C (units: mm)
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4 1
No. 4

W 5245 e ol G St e R D b TR 2 A 5 o X3 T A e A AL )
CHEN Guangyu et al. Effects of Improvement of Land Surface Subgrid Topographic Parameterization on ...

=

w7 “I'”] Eﬁ ?Hi

855

AREE L, JFEATIAIBCTY, SR RGR
R T A RGRE IR O, B

i=9
To= YT, A4 an
i=1
i=9
0= 0,4, (18
i=1
i=9
A =41 4, (19

o, T Qp 73 R ER i AN IR M A BT Y 518 <R
FRRIE LR, A bRUEATIA 040, 4, IR T
T

Bl 9a, by T RE 2 (1 K< 5 TR F K
SR LR HE IETE L, WTLLEH, BTN RN
BT AN ], L KA BRI S A
K, BB ¥ 10 >R 04 RGHR E LE R e an A\ R e
BT 6 JEICEE: MR H, BT iZMig

HFTRX, KR,

BT )RR S N

1B P AR R BE S T e N [ 9 0 i R 2 ) A

xR2
MREER AL

Table 2 Landuse types and their proportions in the area

centered at (43.75°N, 88.75°E)
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Fig. 9 Daily mean atmospheric forcing temperature (7;) and specific humidity (Q,) averaged over the area centered at (43.75°N, 88.75°E). (a) and

(b) show comparisons between subgrid variables, original variables and effective variables of Test 2; (c) and (d) display comparisons between effec-

tive variables of Test 2 and original variables of Test 1 and Test 3. The landuse types shown in each panel can be referred to in Table 2
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Fig. 10 (a) Daily mean surface temperature, (b) first layer soil temper-
ature and (c) first layer soil moisture averaged over the area centered at
(43.75°N, 88.75°E)
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Table3 Land surface variables and fluxes averaged over the

domain centered at (43.75°N, 88.75°E) during June-August
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