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Fig-1 The sites layout of weather stations for field observations experimental region
®1 BRESESEESEZEANZRRABIEXRE Fg = atbXOLR (3)
1959~2000 — —8 4
1 ( ) OLR = 5.67 X107 X 17 (4)
T able The regression coefficients and correlation coefficients ' ' '
g Tr=atbXTpg+cXTh )

between global radiation in clear sky and global radiation

At FEAH
Month “ b R Sample
4 0.3830 0.6176 0. 7660 232
5 0.3602 0.6931 0.7548 233
6 0.3109 0.7246 0.8099 233
7 0.3312 0.6707 0.7443 232
8 0.3349 0.6733 0.7509 227
1~8 0.3480 0.6585 0.7647 1157

®2 HEAVHRR Bi# | M2 RFEERENMERFTERY

Table 2 The regression coefficients of retrieving surface albedos

from albedos of AVHRR channels 1 and 2

i
Lt e ’ ¢
= W)l —0.0902 0.500 0.925
L s —0.0602 0.527 0.793
W —0.0710 0.487 0.987
Vi Fu 0.0020 0.854 0.349
KO —0.0266 1.148 —0.529

2.3 MEBERES
srEaran U ph vk T A AR AR T R
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OLR 4t tH K hm i & 9 #5074 ol b SR
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#3 OLRSZMEEBERIESEZ HMANERRY

(R 2001 Fn 2003 £F)

Table 3 The regression coefficients between OLR and

effective radiation in Lanzhou and Dingxi

At . , . fERH
Month Sample
4~5 65.667 0.1357 0.896828 9

6 62.946 0.1314 0.800000 8
7 49.183 0.1321 0.818169 30
8 41.235 0.2191 0.894427 28
4~8 26.285 0.1829 0.849706 75
2.4 HuFRAES
HREERS R, % NI
R, = QX (1= r)~ Fg (6)
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Fig-2 The classification of landuse in east part of northwest China
# . LY ¥EIX The Yellow River irrigated paddy field: 2. > XRE Desert Gobi, 3. -T2 F i Semi—arid sparse grass land. 4. HEMEE R H
Spring wheat field and other crop field. - £ 37X Winter wheat field. 6. H 7 /P ] Gannan marsh land. 7. £ 'f#IE & #K Pine and broadleaf forest ,
8. I e B G A Evergreen forest , SRV E ST
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Table 4 The average energy flux (W/ mz) from April to August and their percentage vs-net radiation for each land —use

HRRX

Region type Ru(W/m?) H(W/m?) H/ R, (%) AE(W/m?) AE/ R, (V) G(W/m%) G/ R,())
T HE X 135.19 28. 44 21.0 85.75 63.4 21.00 15.5
Vot R 120.01 71.47 59.5 20.52 17.1 27.95 23.3
PR 129. 46 60.33 46.6 43.38 33.5 25.81 19.9
BEEX 131.72 34.52 26.2 73.32 55.7 23.88 18.1
KEX 126.61 28.68 22.7 79.88 63.1 18.16 14.3
B 169. 62 36.93 21.8 114.07 67.2 18.63 11.0
R IX 151.84 30.63 20.2 104.13 68.6 17.08 1.2
Wy 3 AR X 146.68 26.49 18.1 106. 69 72.7 13.51 9.2
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Fig-3  Maps of land surface energy flux densities for the east part of northwest China in June 13 2001
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Table 5 The average values and standard deviations of net radiation over each land-use from April to August
H T X 2003—04—16 2003—05—01 2003—06—13 2003—07—24 2003—08—19
Region type M beifEE M beifEE FEE beifEE FEIME beifEE FEME beifEE
WX 91.66 8.56 136.66 9.80 145.00 9.86 158.27 6.99 144.34 6.41
Vb X RE 77.15 9.55 121.68 7.04 135.29 8.65 139.74 10.52 126.20 7.50
AT B 90. 04 11.21 127.46 9.47 152.63 16.48 146. 36 12.91 130.82 13.73
HFEHEX 91.91 12.20 129.55 10.13 159.38 15.49 147.27 16.99 130.47 18.18
KFX 86.67 13.74 134.57 10.61 166.25 9.23 134.53 17.60 111.04 15.78
VBPEE ) 125.19 15.38 159. 36 16.03 212.81 11.30 185.96 12.63 164.80 11.14
EHRERASMKX 109.10 16.23 162.40 18.67 184.19 24.54 161.20 28.39 142.33 25.67
RIS G 102.83  23.79  157.77  18.56  174.06  14.49  161.17  36.47  137.54  27.15
F6 SLMEBX 1~8 A HEABEFHEMREE(W/m®)
Table 6 The average values and standard deviations of soil heat flux over each land-use from April to August
HH X 2003—04—16 2003—05—01 2003—06—13 2003—07—24 2003—08—19
Region type M bz P bz FEE beifEE FEME bR FEIME beifEE
WX 12.21 3.30 26.24 5.67 21.42 4.61 22.10 3.49 23.02 3.18
Vb X RE 12.40 3.25 34.92 5.63 33.89 4.16 28.51 4.13 30.01 2.72
AT B 13.36 2.83 32.35 5.68 29.54 4.04 26.51 3.60 27.29 4.29
BEIX 13.09 2.85 31.11 5.46 27.04 4.61 23.88 3.94 24.28 4.56
KFX 10. 88 3.49 24.23 4.30 20.02 2.38 19.07 3.88 16.60 3.39
VBB ) 15.36 4.76 22.21 6.00 22.17 6.01 17.95 3.50 15.46 2.73
SRR AKX 10.50 3.28 19.34 5.48 20.75 7.15 17.97 5.31 16.83 5.66
W T SR X 9.51 5.14 13.42 3.32 16.02 3.99 15.80 6.93 12.81 3.07

F7 BAMERRX 4~8 ABATHEMRES(W/m®)

Table 7 The average values and standard deviations of sensible heat flux over each land-use from April to August
AKX 2003—04—16 2003—05—01 2003—06—13 2003—07—24 2003—08—19
Region type EHE bR FHE biEE FHE bifEE FHE bifEE FHE beifEE
WX 19.14 4.20 26.08 6.00 27.97 6.15 31.58 3.84 37.42 6.54
Vb BE 45.66 5.66 72.62 3.94 80.71 5.34 83.07 5.98 75.28 4.42
=Y 36.15 8.45 54.41 7.25 70.14 9.87 73.78 8.70 67.19 9.61
HFEKX 24.94 5.90 36.26 4.67 34.20 6.47 38.48 5.93 38.71 6.78
ZFX 22.26 7.94 31.62 8.47 28.13 7.00 33.12 10.27 28.29 8.97
VR ) 32.82 8.16 29.43 6.07 37.50 3.80 44.20 6.06 40.69 4.46
R AKX 24.69 6.44 30.32 5.78 29.55 6.02 35.57 9.21 33.03 8.87
U 2 S X 20.54 6.97 21.81 6.76 24.03 1.56 31.22 9.67 31.84 7.51

5 P SCHLII 25 43 A RHAIE

JESCH (Bowen ratio ) J& ¥ 5 #h 2 L ( H/
AE), ] RN AER TR AR, BOCAY o Am B 3R
B SO AR B R R R T B R SRR X S /ME
0. 07611 PG 4k T 5 1 6 4% BLVD 5 3 KB AHE 7- 3.
EARE AR TR LSRR ER B Sc sk
0.5~2. 5 5m K4 0. 2~0. 4, R ybE FiLg
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KRR A MR 2 T 4. A
FEHY LU XA » LA S BN AT LB
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8 FPFHUSC LB BE R R 4, HEAR X S5/ MY
0.27, = e B b ify W X 5/ fELK T S ok
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Fig-4 Frequency distribution curve of energy flux densities over the experimental region from april to august
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Table 8 The average values and standard deviations of latent heat flux over each land-use from April to August

H T X 2003—04—16 2003—05—01 2003—06—13 2003—07—24 2003—08—19
Region type M beiEE M beiEE FEE b= FEIME b= FEME beiEE
WX 60.31 12.64 84.34 17.97 95.61 16.03 104. 60 12.73 83.90 12.48
Vb X RE 19.10 4.87 13.76 8.31 20.69 7.29 28.16 8.67 20.91 5.86
e B 40.53 13.92 40.67 18.76 52.96 22.24 46.13 18.57 36.60 19.91
BEIX 53.89 12.59 62.18 16.83 98.15 20.68 84.92 19.59 67.48 21.96
KFX 54.08 15.23 78.71 14.85 118.09 11.16 82.34 16.97 66.16 14.56
VB 5 ) 77.00 19.76 107.71 21.74 153.15 10.21 123.81 15.65 108.65 14.02
HRERAEMKX 73.91 16.76 112.74 25.50 133.88 21.23 107.67 25.99 92.47 23.58
P B AR X 72.88 19.56 122.52 17.80 134.01 11.01 111.15 27.48 92.89 21.88

®Y BIMERX 4~8 BRI FHEMREE

Table 9 The average values and standard deviations of Bowen ratio over each land-use from April to August

KA X 2003—04—16 2003—05—01 2003—06—13 2003—07—24 2003—08—19 4~8 A
Regiontybe  pagfl bR CPMME BREX CPIME RREXE CPIME bk PmE e 1Y
W HEX 0.35 0.16 0.33 0.13 0.31 0.13 0.31 0.08 0.47 0.16 0.35
VDL BE 2.51 0.58 6.25 2.47 4.24 1.10 3.21 0.94 3.83 0.89 4.01
BRI 1.09 0.76 1.82 1.46 1.78 1.43 2.03 1.42 2.55 2.03 1.85
FEIX 0.50 0.19 0.64 0.25 0.37 0.16 0.48 0.15 0.65 0.29 0.53

£ FEX 0.48 0.33 0.43 0.20 0.24 0.09 0.44 0.30 0.47 0.33 0.41
VB AT 0.48 0.23 0.29 0.11 0.25 0.04 0.37 0.09 0.38 0.09 0.34
RS MIX 0.36 0.17 0.30 0.15 0.23 0.09 0.35 0.14 0.39 0.18 0.33
U4 B i SR AKX 0.31 0.19 0.18 0.07 0.18 0.04 0.32 0.15 0.36 0.13 0.27
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®10 EEMRZEBEITELR (Ca) FME(Meas) BFILEX H 2IRZE (MAPD)
Table 10 The absolute difference (AD) between the derived results(Cal) and measured ( Meas)

values of land surface energy flux densities at Dingxi station

1] 0(W/m%) F(W/m?) R.(W/m?) H(W/m?%) AE(W/m?)
( ;ITTD Cal  Meas AD Cal  Meas AD Cal  Meas AD Cal  Meas AD Cal  Meas AD
7—13  230.3 217.6 12.7 85.7 60.6 25.2 81.3 124.4 43.2 32.1 33.9 1.9  41.1 64.8 23.7
7—16  194.4 166.7 27.8 86.6 53.2 33.4 88.8 951 6.3 24.7 20.5 4.1 546 62.1 7.5
7—17  303.2 331.0 27.8 88.3 97.1 8.8 179.8 192.4 12.5 29.3 39.0 9.7 132.4 109.8 22.6
7—21  321.8 322.9 1.2 90.9 120.9 30.0 148.2 131.1 17.2 55.8 40.5 15.3 58.4  66.6 8.2
7—23  319.4 324.1 4.6  9l.2 119.4 28.2 158.9 132.7 26.2 62.2 59.9 2.3  66.8 70.6 3.8
7—24  288.2 298.6 10.4 91.3 101.2 9.9 143.3 128.1 15.3 62.0 65.5 3.5 57.9 56.9 1.0
7—25  287.0 283.6 3.5 89.9 95.1 5.2 148.3 120.6 27.7 59.8 66.9 7.1  66.0 52.4 13.6
7—28  28l.2 296.3 15.0 87.2 98.7 1.6 128.7 130.6 1.8 56.2 60.3 4.1 44.4 49.5 5.1
§—08  200.2 204.9 4.6  65.3 52.0 13.3 87.2 115.9 28.7 26.3 21.8 4.5 44.9 56.8 11.9
T4y Avg.  269.5 2717 12.0  86.3 88.7 18.4 129.4 130.1 19.9 45.4 45.4 5.8 63.1 655 10.6
MAPD 4% 21% 15% 13% 16%
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Estimation of land surface energy flux densities over eastern part of
Northwest China with the aid of satellite remote sensing and field observations

CHEN Tianyu, CHEN Qian, LI Baozi
( Gansu Weather Modification Office; Lanzhou, Gansu 730020, China)

Abstract ; In this paper, the regional distribution features of the land surface daily mean net radiation flux
density, sensible heat flux. latent heat flux, soil heat flux and Bowen ratio during April-August over eastern
part of Northwest China are derived from the Surface Energy Balance Algorithm for Land (SEBAL), that are
aided combining micrometeorological observations over a wheat field at Dingxi station and observations data of 36
automatic and 89 routine weather stations over experimental region with NOAA —16 AVHRR data- Based on
land classification the energy flux densities of variant land surface such as the Yellow River irrigated paddy field.
spring wheat field, winter wheat field. grass land, forest and marsh land have been estimated - It is shown that
the variant growing periods of plants from the south humid evergreen forest through the semi-arid rainfed agri-
culture region into the north arid desert land surface energy transport are much different- The mean absolute
percent difference between the derived results and measured values at Dingxi station is between 4% and 21%.
The differences between surface temperature and air temperature ( T;— T,) are sensitive for calculated sensible
heat flux- A fitted relationship between (T, T;) and ( Ty, NDVI, Z) was found- The retrievals of regional
(T, T,) can be derived using satellite data- A difficult problem in calculation was solved, which can improve
the estimation of regional sensible heat flux -

Keywords: eastern part of Northwest China; satellite remote sensing; land surface energy flux densities



