34 1
2014 1

JOURNAL OF DESERT RESEARCH

Vol.34 No. 1
Jan. 2014

’ ’ s

(.

,2014,34(1):98 —107. [ Zhou Qi. Li

Pingheng, Wang Quan,et al. A footprint analysis on a desert ecosystem in West China[J]. Journal of Desert Research,2014,34

(1):98—107. ]. doi:10. 7522/j. issn. 1000-694X. 2013. 00289.

1,2 1.3 1.3 1,2
’ ’ ’
(1. s 830011; 2. 1000493 3.
422-8529)
. 90 % 686. 40 m,
162. 50 m; ’
; 58 71% ,
, 40.16%.,  FSAM
; ; ; FSAM
: 1000-694X(2014)01-0098-10 doi; 10.7522/j. issn. 1000-694X. 2013. 00289
. P404 A
. Kljun 0¥ LS
1
b ’
[16]
Li=sl Schmidt" Horst [ R
K s
s s ,  FSAM(Flux Source
. Area Model) , ,
[4—6] [19—21] [7]
o b ’
; FSAM
(Footprint) tr, , z2] FSAM
Footprint , 1zl
[8] s . [9] . FSAM
(Lagrangian Stochastic Model, .
LS) Lol 35%
~ ) COZ
[11—12] [24]
’ ’ o
. Kormann , CO,“
, KM ” CO,
[13] [25]
b b o
1, Hsieh LS B
2012 -12 - 15; :2013-03-12
(41071238); (2009CB825103) ; (1074041001)
(1988—), s s . Email: 401zhouqi@163. com

(Email : qw4academic(@ gmail. com)



99

1
o , Zn (
) , Zow=2—d.Z .d ),
o FSAM
2011 [
) (Source Area),
(Source Weight Function) ,
) ’ )
o ( P )
, P
2 [7] 3
2.1 Schmidt®17
P )
; [17].  FSAM 3
(44°25'54"N, 87°54" 9" ) p i
B, ; ; p ] ,
[z, 6.9 C,
200 mmM*, 1 260 mm-*, [34] ’ ’
s 1 km X1 2.4
km o (Haloxylon persi- ’ (5—
cum) s (Tamarix chinensis) ,
10 O 3 : (5.6 ).
(7.8 ) (9,10 ).
2.2 ,
d Zy
. ’ [31] o Z
B [32] Campbell™* Z,=0. 13h(h
i ( , h 2 m)
1 m, ’ : d d =0 67a"" |
Obukhov L 7
(Campbell,CSAT3, ) CO, H,0 ) u
(IRGA, LI7500, »
). (CR1000), oy u’
10 Hz, 2011 5 ’ o /u”
) 10 , C D,
6 o
Mauder-**! , R SR :
( R ( Z,/L>0) ,20X10
WPL s , <Zon/Z, <5 0X10%,2 0X 10 '<<Z,/L<1 0X
30 min o 107,10 <o,/u™ <6. 0; (
Z./L<<0) L4 0X10<Z,/Z, <1 0X10%,4 0X
2.3 Footprint FSAM

10'<<—Z,/L<1 0.1 0<<o,/u"<6. 0,
s 0°~90°



100

Table 1 Input and output parameters of FSAM

1 FSAM

Zn/Zo Zm +Zo

Zw/L ( L Obukhov )
ov/u* ( ov ) )

a/Zo a

d/Zy d

e/Zy e

Xuax/Zo Xinax
Xd//Zo Xd
, Z./L
( 23, 08%) )
3
' 3.1
2011 5—10
. P 10% ~90% 1 2,
, P 90 % 270°~360°

2

Table 2 Speed distribution under different atmospheric conditions from May to October of 2011 in the studied site

/(9 /(mes™ ) /(mes 1) /(mes D) /%

Zm/L>0 0~90 5.54 0. 05 1. 84 18. 69

90~180 8. 86 0.07 2.77 26.97

180~270 10. 72 0.11 2.78 21.77

270~360 6.06 0.19 2.18 32.57
Zwm/L<0 0~90 7.84 0. 24 2.63 6. 38

90~180 9.22 0. 50 3.46 21. 30

180~270 11.87 0. 27 3.81 16. 94

270~360 7.83 0. 25 2.94 55.38
:0° s “Zn/L>0" , “L<C0” B

210F _|§0_°

KAFERIARAT

1

Fig. 1 The distribution of wind direction frequency

1507

.3 [ sl

180°

KATHRLERAT

under different atmospheric conditions
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, 180°~270° o ~270° ,
90°~180° o
2 3, NN 270°~360°
180°~270°,90°~180°,270°~ 90°~180° s
360° ; 180° 180°~270° )

2 (A, (B, ©
(D). (E). ()

Fig. 2 The distribution of wind direction frequency under different atmospheric conditions

3

Table 3 Speed distribution of different vegetation growing periods under different atmospheric conditions

/(m s 1) /(mes™1) /(m e s™1) /%
/()
Zw/L>0 0 ~90 5.29 4.32 5.54 0.05 0.11 0.20 1.89 1.81 1.83 2.92 2.62 4.79
90~180 7.91 8. 86 8.27 0.22 0.07  0.14  2.89 2.86 2.39 3.30 4.71 4.78

180~270 10.22  10.72 9.82 0. 30 0. 26 0.11 3. 14 2.77 2.56 3.68 2.08 3.71

270~360 5.26 5.88 6.06 0. 35 0.19 0. 27 1. 99 2.10 2.29 3.32 1.68 7.87
Zw/L<0 0~ 90 4.53 5. 56 7.84 0. 81 0.24 1.25 2.68 2.16 3.48 3.24 2.27 1. 04
90~180 5.23 8.73 9.22 0. 89 0.68 0.50 3.04 3.78 3.36 3.30 5.16 3.13

180~270 10.75  11.87 7.47 0. 30 1.02 0. 27 4.00 4.12 3.20 4.98 4.35 3.63

270~360 6.76 7.02 7.83 0. 44 0.26 0.25 3.05 2. 80 2.93 7.44 4.76  11.24
:0° 3“Zn/L>0" V2 /L<0" N
0°~90° . Zw/L, o

3.2 o o

5, 90"~ 180
Zn/Ls Z./L Z./L
(Zn/L=>0) (Z,./L<<0), FSAM ; 0°~90°
4, 270°~360° o/ u”*

Gv/u* H ’

180°~270° , Z./L .
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4 FSAM
Table 4 Input parameters of FSAM in each direction 3.3
under different atmospheric conditions ( 1),
/() Zn/Zo Zn/L ov/u* FSAM P ( 6), P
0~90 Zw/L>0  37.15 0.05 3.63 90 % (
Zn/1<0 —0.11 402 3). : (Za/L>0) s aseid X
90~180 Zw/L>0  37.15 0. 04 3.19 0°~90° R
Zn/L<0 —0.06 3.94 . 63, 44
180~270 Zn/L>0  37.15 0. 04 3.72 ~686. 40 m, 302. 12~447. 72 m,
Zw/L<0 —0.03 4.18 .
270~360 Zu/L>0  37.15 0.05 2.48 (Z./JL<<0) L,a.e.d X
Zm/L<<0 —0.10 2.81 180°~270° ,
:0° i “Zun/L>07 .4 Zn/L<0” ,90°~180° .
. 34. 84~423 80 m,
5 FSAM

Table 5 Input parameters for FSAM in every direction under different atmospheric conditions and different vegetation periods

/() Zw/Zo Zn/L ov/u* Zn/Zo Zn/L ov/u* AV Zw/L ov/u*
0~90 Zw/L>0 37.15 0. 05 2.84 37.15 0.05 4.15 37.15 0.07 5. 64
Zm/L<<0 —0.07 3. 84 —0.25 4.27 —0.56 4.13
90~180 Zwn/L>0 0. 04 3.11 0.02 3.33 0.07 3.10
Zn/L<0 —0.06 4.25 —0.07 3.86 —0.05 3.78
180~270 Zw/L>0 0.03 4.00 0.02 3.49 0.11 3.55
Zn/L<0 —0.03 4.26 —0.02 4.11 —0.16 4.16
270~360 Zwn/L>0 0.03 2.95 0. 05 2.59 0.07 2.32
Zn/L<0 —0.09 2.91 —0.16 3.06 —0.09 2.64

:0° 3 “Zn/L>07 s Zm/L<0” o

6 FSAM d X ax ,

Table 6 Output parameters of FSAM in each direction

under different atmospheric conditions

/(%) a/ m e/ m d/ m Xp/ m

Zm/L>0 0~90 67.08 686.40 223.86 162.50 .
90~180 64.22 639.60 188.50 153.92
180~270 63.44  626.60 217.62 151.58 3.4
270~360 66.30 670.80 151.06 159.64

Zm/L<0 0~90 34.84 280.80 129.48  76.96 ( 5) FSAM, P
90~180 36.40 293.80 94. 38 80. 60 ( 7 P 90%
180~270 48.88 423.80 184.34 110.50 ( 1),
270~360 41.6 353.6 153.14  93.86 ,

:0° 3 “Zn/L>07 , “Zn/L<0” s 180°~270° e
° ,0°~90° d 3
188 76~368 68 m, o

, a.e. .0°~90°  270°~360° s
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( 1 kmX1 km

LL>07
“L<0” )

Fig. 3
under different atmospheric conditions (the square
represents the 1 km 1 km plot, “L>0"is under

stable atmospheric conditions,”L<C0"is under

unstable atmospheric conditions)

7

The footprint source area distribution in every direction

3 90°~180° 180°

’\"2700 ’ ’

, 180°~270°
270°~360° )

:180°~270° ,

i 3 b
, 90°~180° 270°~
360° ., 0°~90° .
3.5 Footprint
« 2 5),

10. 37% 6. 54%, 12. 79% 11. 59%,
9.43% 12 97%.,12 87% 23 44%, 270°
~360° ,

. , 58 71%

. (
FSAM

Table 7 Output parameters for FSAM in every direction under different atmospheric conditions and different vegetation periods

a/m e/m d/m Xinax/m
/()
Zw/L>0 0~90 62.6 59.5 87.6 613.6 561. 1008.8 230.6 190. 6 275.6 149.0 139.6 224.1
90~180 61.6 66. 3 71.5 595. 4 673. 761.8 166.9 158.1 152.1 145.9 159.9 175.8
180~270 67.1 67.1 72.5 686. 4 686. ¢ 777.4  175.2 256. 1 374.4 162.5 162.5 178.9
270~360 65.8 61.1 73.1 663 587. 785.2 219.9 187.2 207.2 158.1 143.0 180. 4
Zw/L<0 0~90 13.5 24.3 15.2 99.8 187. 113.6 55.6 100. 1 113.6 24.8 42.9 27.3
90~180 37.7 29.6 37.4 306. 8 234, ¢ 306.8 100.9 85.3 91.3 83.7 62. 4 83.2
180~270 48.6 52 29.9 418. 6 462. 235.8 187.5 191.1 166. 7 109.7 118.0 62.9
270~360 42.1 40.0 43.9 356. 2 330. 374.4 166.4 142.0 154. 2 94. 6 89. 2 98. 8
5 Zwm/L>07 2w/ L<0”

. . ) . ,

32.18%.27. 66% . .
40, 16 %, .
4.1 FSAM
4
FSAM , ( . )
. . s [36.38] 3
. ,
. .
[37] 3 P [22] s
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Fig. 4 The footprint source area distribution with different vegetation period under different
atmospheric conditions(the square represents the 1 kmX1 km plot)
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Fig. 5 Distribution of different atmospheric conditions
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8
Table 8 The source area under stable atmospheric condition for different ecosystems
/m P
e/m X max/m
20. 00 50% 283. 00 135. 00 [39]
12.17 90% 1 555. 20 425. 30 [22]
25.00 90% 3613. 40 316. 68 [40]
25.00 80% 1 858.00 413. 00 [23]
4. 80 90 % 380. 20 62. 40 [34]
11. 00 90 % 670. 80 151. 06
4.2
7.22,34]
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A Footprint Analysis on a Desert Ecosystem in West China

Zhou Qi'?, Li Pingheng'®, Wang Quan'®, Zheng Chaolei*, Xu Lu'*?
(1.Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumchi 830011 , China ; 2.University
of Chinese Academy of Sciences, Beijing 100049 , China ; 3.Shizuoka University, Japan 422-8529)

Abstract: Footprint analysis is essential for eddy covariance tower site selection , quality-control and data-in-
terpretation. But only a few of such studies are available in the western China arid region till now. This
study aims to fill the empty up by utilizing the FSAM Model (Flux Source Area Model ) to analyze the spatial
representation of flux measurements in this region. Flux data in the Gurbantunggut Desert Remote Sensing
Experimental Station was used in this study. Results revealed that under stable atmospheric conditions, the
far end of the source area reached 680. 40 m with the maximum contribution source located at 162 50 m (at
a 0. 9 significant level ). Variations of source area in different phenological stages were preliminary due to
different wind directions when under similar conditions of atmospheric stability from the beginning to the
mid-term of season, even the largest source areas were all found at the end of season ignorant of wind direc-
tions. Furthermore, under different conditions of atmospheric stability the source area are inconsistent in
different wind directions. About 58 71% of flux came from the southwest to northwest of the tower with a
contribution estimated to be as high as 40. 16% at the end of growth period under the stable and unstable
conditions. Our study suggests that our carbon dioxide flux data adequately revealed the characteristics of
surface flux with desert ecosystem.

Key words: eddy covariance; desert ecosystem; footprint; FSAM (Flux Source Area Model)



