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Table 1 Elements and instruments of measurements

W 7 % 518 38 A5 47 10 3 8 i
Measure elements Instruments and sensors Manufacturers Location (cm)
i Wind direction 034A-L Campbell 110,220
R # Wind speed 014A Campbell 110,220
T JE B JE Air temperature and humidity HUMP45C Campbell 110,220
[% 7K i Precipitation TE525MM Campbell 50
Y A %R S Photosynthetic photon flux density LI-190SB Li-Cor 150
i Net radiation CNR-1 Kipp and Nonen 150
IR E Soil surface temperature 170 Campbell 0
+ 3 ¥ Soil temperature 150T Campbell —5,—20,—30
+ HEHGE A Soil heat flux HFT-3 Campbell —5
+ 55 K B Soil water content CS615 Campbell —5,—20,—50
= 4k X FIE B Vertical wind speed and air temperature CSATS3 Campbell 220
CO, fizk#:@ H CO, and H, O flux Li-7500 Li-Cor 220
B R 4 5 {5 Data logger CR23X/CR5000 Campbell

T3 A o A5 P 8 R DG 3 DN S 40 J5 3 I i i 5 R T BSOS A — o AR 1 ) A [A) R R AR S i Uk
B S A7 AR Y ) S, A iR R I — [ T — B S R JEE 48 XL U (0. 15~0. 30 m/'s) [ 7% ) il d . AR
FE AT ) BE 4 TR 0. 2 m/s Ryl FAH - & /T 0.2 (R o SRR o 6 45 o i PR 5 e 1) 2504 Bk 2 A i 30 431
B B ORI S04 R FH Falge 88500 1 7 v b4 7T 800 A A 4D o 0 v 3 B0 S0 25000 1 ol 2 o B8 8 SO A, 10 ke 22 A7
FIR) R 408 3l 5 AR [ 0L J P 00 A o R . /K VRS B Y B 2 R ] MDY 12 CH P 2493250 47 b ik 2 AH 2 i T
T8 Sl P 249 88 77 12 ek 3 0L A ] I 220 ) 800 A b R O ) B dE , b A K R I ] 7 o 7 dL AR A K R ] A
14 d,

AE B A AT R Ry

LE+H=Rn—G—S (3
AP R g S (W/m®) G oy 13 HGl i (W/m®) iy 2 4> 3Gl AR R 0. 05 m) il IO {8 L S Sy ik
A0 iy T =T DGR AL B B AR /N OV T 0.3 m) L S AT L Z g
TEREHE P A IR R SR HEAE L R FAO 424 A% Ty 1k 1 o v PO A 2 Y
ET=LE/2p )
Aop, LE R #0681 (W/m?) .4 K IR (M /kg)
1.4 HHHH
K H SAS 8. 0(SAS Institute Inc. ,Cary, NC, USA) #4347 % 1404 .
2 ZBRE5HW
2.1 BRFEWRXBERTFHE

B1 53 2 AW A 2006 — 2008 4F 25 A0 BE L 3R BE L 13 5 /K G LR OK B O G A AR I I RIK VR 25
A8 AL LA . BIF 0 0 R] 53k 6 B0 35 TR 1 119 722 1 S RH AL SUIg A AN ] . 2008 4 28 Al B2 L 2006 Fl 2007 4R 4IK (%
D VAERFHEREHBICNIE, XFSTRERMMER —26.28C, AFRRERME 21.77C, JHEHERK
KAFAERKFRZRKATGL 42. 75 C A KR ZEATIL 31,79 C, 2006 —2008 AEAERK P BN 6.8 C L JEAEK
FVIRE N —5.27C, 34N 5 em LIHERAZZ N 3°C M T2 R 3. 2C (R 2. WM& 4R K N
420~490 mm, 4F 22 F R0/ H A AR K FRREOK T 2 AEREK I 9020 LA b KES 4 SRR /N T 1.0 mm/d, 46
74,58 % [ K /L F 5 mm/d,
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Fig. 1 The environmental factors variation during 2006 to 2008

iR 222 WhRELR The bars indicated the standard error. | [f] The same below.
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AR KT AR R R KT B 2B RS . BT 2007 42 4R K ZEFR K & AR I )4 R TR s B 2006, 2008
2 I, 2007 4R RIFREOK AT 6 J 2 Hilad Rit 288, BT 2006 A1 2008 4F, 2006,2008 4F R iR K it
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Table 2 Comparison of environmental conditions during the growing and none growing season in study site

A KB B HEh FRMME TEEE KR pIRER RN £ TR H 75 it i A
Growing phase Year Ta Ts JE2: VPD  4& 4} PPFD PPT SWC  Daily evapotranspiration Evapotranspiration
¢ C)H (kPa) (mol/m? + d)  (mm) (cm®/cm?®) (mm/d) (mm)
H K ZEHT 2006 —4.58  —2.22 0.28 64.03 18.3 0.11 0. 67 72.77
Pre-growing 2007 —6.18 —2.52 0. 26 67.67 16. 4 0.11 0.73 79.43
season 2008 —6.67 —2.47 0.21 79. 89 8.2 0.11 1.01 80. 10
K 2006 5.65 9. 84 0. 34 71.37 434.5 0. 22 1. 86 353.69
Growing season 2007 6.23 8.28 0. 35 72.52 440.7 0. 24 1.92 365.03
2008 5.43 7.12 0. 34 68.07 454. 6 0.23 1. 81 344.74
AR FE 2006 —7.72  —2.34 0. 20 57.86 7.9 0.11 0.39 25.77
Nongrowing 2007 —5.36 —0.12 0.26 73.28 39.6 0.15 0. 60 29.79
season 2008 —7.06 —2.76 0. 20 59. 22 17.3 0.11 0.53 34.74
44F Annual 2006 0.18 4.04 0.30 67.24 460. 7 0.17 1.24 452. 24
2007 0. 64 3. 60 0. 31 70. 87 496. 1 0.19 1. 36 474. 24
2008 —0.15 2.70 0.28 66. 90 480.1 0.17 1.32 459. 57

Ta: Air temperature; Ts: Soil temperature; VPD: Saturation vapor pressure difference; PPFD: Photosynthetic photon flux density; PPT: Precipitati-

on; SWC: Soil water content.

2.2 PBALEW A S

F 5 40 B) = VL5 [XGR Ak 5 Ml 28 WA 4 H 2 2 2 B0 B (&1 3) . H AT M2 B ¥ )5 . 28 HCE s i/
10:00LAJ5 i W EFb I AT Bk e KA . 4K 2R 0:00—9:00(BST b 5t D Z& # & /N F 0. 1 mm/h, JEAEK
Z/NF 0.05 mm/h, 6:00—13:00 A=K ZFELAH# 1 0. 027 mm/h, JEAEKFELHEN 0. 005 mm/h, K5 XEW T K.
Hy BT 9., iwEKFEEEAE K S H 288U R B B 20— B0, R [F 4R 28 Jo H AR ol 02 AR K
FEHTE 10:00 PUE 2006 4EZ8 #e B IR R T 2007 5 2008 4, 15:00 LU H T B B2 A T 2007 5 2008
AR, KRR S AEAE K AR, 2006 AFZEHE S R KAE G HAB AR IR BEAR /N, H 2 16:00 UG A A BB TR, H
A RAR/NT 2007 5 2008 4F, 1 2007 F1 2008 AEAEA K BFHH SAEA K FH W R RMEE HELSH S EKE
Bl HEHITRV LA RKFERIEERKT 3 FRMH B TRFER.

=YL X R A Bk ZE B 2R A S R AR ZE R M B R A AR AR K R R ZE O S 1. 8~
L9 mm/d; MidE4E KB BT 0. F 28 0.6 mm/d( 4), BFR 28 Bea X/ E M 5 A T i s
W, 6.7 HHBUAEZEBUR R . R 2. 0~2. 3 mm/d, Z 5 Bl 45 A8 4 07 % AT 1R BE 5 i sk 20 T i s . E R
K B SR B ZE O /N 0 SR A, AL 10 1. 12/1. 58/1. 32 mm/d B¢ % 11 [ 0. 32/0.50/0. 71 mm/d (2006/
2007/2008) . H BIZEHH V-t 2 s R AR fb AR (B 0. 26 Al 2. 30 mm/d, 43 BB 2007 4 1 H 5 6 A,
2.3 HBALSHEBERTFHMELXRZ

R TR ZE S A PR EE R B 0GR SR HAH G 43 AT 5 [0 A 43 1 X AN ] AR A B B B i A AR
B R VR 25 DA R R S O R AT A B (BR 3) . — T T L 3l 3 AH DG 43 A R B, TR AE WA AR K B B
S X 2 DX AL 1) 2 ) e R, LR AR R K YR R 25 25 AR A R R . S5 — T, A A AT 25 R
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N T b2 5 B A DR X T A £ 5 R R 45 T R S A S LR OGRS
LE=0. 14Rn+54.58VPD +0.89Ts—0. 18 Ta+69. 21SWC—5. 52(R* =0. 63, P<0. 0001)
KSR 4.

3 it 3 BEIITRE SR &K 0B
T 2006 — 2008 4F = T IR £k 55 Ml 1) 38 KOG SHERFHXR

% %X}Q{Wﬁ?ﬁj , %}]ﬂfﬁﬂiﬁi T ﬁ:;i’zﬁﬁ[/ﬁﬂj E"Jijjlj&f%fﬁ VI Table 3 Characteristics of linear regression analysis (y=ax-+b)

Xof o5 i P T 1/'5 T ﬁﬁ $ ﬁ:}’ B of latent heat vs. air temperature, soil temperature at

AP 2 °

. the depth of 5 cm, VPD and net radiation (Rn)
3.1 A% sHE P

AR A (G S AR A . B 2 K T S S L

R H R4 12:00— 14500 8L (i A K 57 Period Pre-growing  Growing  Nongrowing Annual
¥y R A 0. 21 mm /by A K P4 H LK — i
RHR 010 mm/b, AR AR 2 T
R+ AE A A 2R I B I R (R I L R AR by aror L or a5 as 0
AR AR B4 6,7 7 2ROl B AR oK i A LE vs. VPD r 0.53 0.52 0.57 0.54
BIZEHOE 2.0 mm/d PLE . B e K 0 38 1) 4 4 1Y d a  83.00 126. 40 85.89  102.34
RAR » Vb W ZE BRI B A )20 Y I AN B e . 55— b 1 91 8. 70 400 3. 14
J5 1T » B M A A A R AR R AR 6,7 H IR B ROK. LEvs. Rn - 0.67 0.63 0. 68 0. 61
B S K L[] B 2 RGO, WK Bl 7 AR . 3 AR a 0.12 0.21 0.10 0.16
ARHZECE BB AE 2007 £ 6 A 12 H, A 3. 26 b 13.16 29. 09 12. 28 20. 68
mm/d, KT GRS A 25, R R LEvs. Ts  r 0.29 0.13 0.21 0. 32
Y ZE 1 AR AE H S . S XA ZE B R BT 0. @ 2.86 1. 80 1.81 2.37
LA R U 0 7K ) 2 75 P 0 A s R ZE U 2 T AR Ak b .87 29. 63 18.00 2433
M FEEREZE, =7 FEHXEAEE b BER SN e AP TR T Y =ax+b PR T EIH K R
5 1 TR 0 5 F 2 BB A R A 2 O S i 3. 5 Note:r is the linear correlation coefficient of two factors, Y=ax+b is

the regression of two factors.

4.0 mm/d), AL T 2 192 % + 3K I3 (2 L ik A

R o3 I ER 2 0 T W 3G T K o AR AN 1K e B

o AR SE R TR A 2R A L A IR AR A v D N R T N R R AR R
FiT T A TR A A DX 7 3 A1 0 S5 2 RO 55 S (] i R i M A 2N R KK O PR DA FE B 22 5 . K

5 O LY DR A0 B 3 5 A B 3 A 25 AR 8 28 WO 50 10 LA FT DU 0 AR T 5 DX 0 ) 28 B AL T 3 S8 BF 50 45
I RICTREN

x4 ZTEFEHSHMGIT

Table 4 Parameter estimate of the multi-factors regression

A5 St bt S B Al T T e 15 22 tfH PfH
Variable Parameter estimate  Standardize estimate Standard err. t value P value
#PE Inception —5.52 0 0.52 —10.53 <20.001
iR S Net ration (Rn) 0.14 0. 56 0 203.47 <20.001
2SR IRE Air temperature (Ta) —0.18 —0.03 0.03 —5.11 <C0.001
+ R JE Soli temperature (Ts) 0. 89 0.11 0. 04 20. 25 <0.001
A K IEJEZE Air vapor press difict (VPD) 54,58 0. 27 0. 64 84. 86 <0.001

+ 5K 4y Soil water content (SWC) 69. 21 0.09 2.69 25.69 <0.001
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Table 5 The comparison of evapotranspiration (ET) among different grassland types
N N .
G AR MR MKW 33 tpggin AR Evapotranspiration/Latent gyt
Latitude Longitude Altitude Vegetation Dominant Annual H K 2 kK= B RKAE Precipitation Reference
(m) type species ET Growing Non growing Maximum (mm)
(mm) season season (mm/d)
(mm/d) (mm/d)
37.60° N 101.30° E 3250 [9EH @ B 341~ 1. 90~ <0. 40 — 554. 0~ [15]
Alpine meadow  Kobresia humilis 426 2.23 666. 0
47.21° N 108.74° E 1235 #iRIEEJ5E EoE B BE 163 1.70~ <0. 50 2. 80 248 [12]
Typical steppe Stipa krylovii , 2. 80
Carex duriuscula ,
Artemisia frigida
43.53° N 106.67° E 1200 M7 255 FH 350 4,22+ 0.53=+ 3. 50~ 350. 00 [22]
Typical steppe Leymus chinensis 0.96 0. 40" 4.00
49.43° N 12.56°E 951 BAERASM AR KR K e 250 — <0. 50 2,20~ 75.10~ [2]
Mosit mixed 1% Agropyron 4.50 295. 30"
grassland dasystachyum,
Tragopogon dubius
46.77° N 100.92° E 518  JR4KMIRAER Y KR R 43P 489 2.40~ — 4. 40 213. 00~ [23]
Grazed mixed- Agropyron spp. » 2.70 373.00
grass prairie Bouteloua spp. »
Stipa spp.
AT TR URE FEFHEE B3 455 2.30~ - 4.70 261. 00~
®3% Nongrazed  Agropyron spp. » 2.90 386. 00
mixed-grass Bouteloua spp. »
prairie Stipa spp.
POMRZF R R Rk 497 2. 60~ — 4. 40 225. 00~
(B #0) Grazed  Pascopyrum smithii 3.00 401. 00
western wheat-
grass grassland
34.35° N 100.50°E 3963 WIEBEMEM NG 454~ 181~  <0.6 3.20 460.00~ AW
Alpine degraded Kobresia pygmaea 474 1.92 496. 00 This study

grassland

a:MJ/(m? « ) RN The unit of LE; b, A K ZE[EK IR, H AW M2 HEE K I Growing season precipitation, the rest are the annual precipita-

tion.

3.2

ARBHa AT

TE B AN BT 59 18] = 7T 50 A 55 v 0 S5 -5 0 A 0 R O P i o B A K 2 9 4 o K AR AR AR L T RO 2%
PRBE R 1 (9 AR S B S 28 3 8 5 7 A K T TR B e e o T R v AR A L kSR ) DA A AR IR 22 Y

2z SA
GAY

M ] LA R RIE 5 X 25 IS S 1Y) 6304

TETK 53 50 R B BT i — iy DX 1 28 BICR B0 2 ply 7T P AE o 7 e 19 o T AT T A AR O R BE b ol R R

R e AP BE  FE A HL HE BE R BH R O I e s K A S AR O

B/
2

M R 2K 2 A8 K SRR

TE B A = VLU I i T T AR R B K AE 0~ 10 em, I 0~5 em 14 137K 43 3% 1 % 28 B i K . 1
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FK PR A 38 m a] LA ik e 9 SAL S BE BT R i i R A B R . A X IR Ak R Ml % S BRI 5T SR AT K X
AR R B 0. 22, A K F(5—9 ADR IR R 0. 18, AR E K Bl 0. 25, 48 K 5 I I R gk TR B 1k
P8V b 2 v R (0. 20) W JAE R 2 o 1A It b DX A= K 2 300 U] A o DA P 1) FF A B0 T EG A 24 B S 1Y) 2 € 23 X
2R — S R, [ R A AR L R K 2 RIS K R R B AR R TR, Rk
Vg U % 7 ) 30 e AR A R M A G T A R bR S R G A K R 3R S IR A (A Y A T R i
DX A B 4 S 5 20 2 7 b T 0 S A v S A T B S O 8 ) /0 o A o SF SR DX ) 50 26 ~ 70 26 T i 4
B S 0 HE S Dt DX A5 22T DRI AR X R ) S R R v K I S e R S o0 R /0 o K ol v e
Xof ZE H ) BT R T B

3.3 = RBALFE MK MK LI

TG IR 3 AR R B KO i AT, 1T 25 B AR I R TR R B o 0T, L ke S8 K A M S S A . AR B
oK AE IR ZERORE S R GRS HUR BRI — A4 8 K 70 %0 U348 31 Hi T 14 B4 7K 38 1o 7% 19 0 7 4 oo 7 L
R, BRSE IR 3 AR AR RS BEK R IR R A WO S K Z R 95. 6% ~98. 200, A K FE ET/
PPT 2 75. 8% ~82.4% . &4 ET/PPT K T ¥ i iff b b [X & % w0 50/ (57, 626 ~64. 0%0) , N 581y 70 (R & 5F
(Stipa krylovii) T (Carex duriuscula) &5 (Artemisia frigida) &5 {3 2 R0, A 68 09 R B & B TR 4k
AR B IR A AR B G K TR IR BE T T R R B K S A AR R R AR R BR T . ERXMEEC K
KA RS ET/PPT BYFEH N (40 % ~150%) 1%,

B Ak B pl O AR K R R R AT DL 2. AR K R ET/PPT 882 i 78 A8 8 35
JE AR R A BOR 2 A EE K S R R WL RIE R . 51K B sEn M S KR BT A 7R
BT TR R Z 0 AifE 0~10 ecm +)2 R R AATE— B R B> + 8%k 4y sk .

L 75 9 o DA S e v ) o e R S TR A 2RO O VL UR R Ak R A K R R O
fiR(1. 81~1.92 mm/d) , MHEA K 2 ZE WU AR (0. 39~0.59 mm/d) . X2 i T A KRR 20, ol #) F B &
1R s VL YRR B M 2 O T A K 2 PN B A K A SR A e R S T T A R LB 2 R T - 4k
T A0 7% 22 WA o fEL R A 2 K 0] AR Bl 25 Bt AT 75 %6, IR /b 1 A K R R 26 B, 2R R RR AR A (L th
A AR A K iz i XK e TR XN BRI I R R ) AT N R LR TR R
i) BV X6 7K R B R A A 9T R B I KRR B TR . BeAh R R R kA K 2 VPD &
F =L X (0. 43~0. 48 kPa) . HyixX 2L 2545 B 28 AT DA 0 v o o ) AR K R 2K B0V X R T = VL IR R b
b, AFASHIE 5 rp A R R 5 L L 3R] BB R 1R b 3R fk 5 | A T R T R AE 11 AR L TR B A 2 I T B A AR
BRI 5 TR R L XUHIT T A 2 RVt D T R A X K e R R 5 B e T 1 K A3 A K OIR 1
Bl R AGHE R
4 Zig

AL 3 AR ZE WO ST W) 20 2 W A T A8 = VIR DX/ o e e R A A 2R IR B AR 5 AR R K S 4T, 2006
—2008 FFAEZEME Z AR, A RFBEEE SFEXRBEMN 5% B AR FHEERE D M T RIERK
Vg AU % s ) 2 b DX A K R R RO /N T Al A K R 7R TN I K« A K R R A b ) R B 5 R IR B R AR K
%) Hb 2% A BRI I A R 2 A S 0T 2 UL R e K OB B X X R 2 A — R R . 78 H AR
b, ZE T AR RS S B Y B R IE R 224 B4R 6 — 7 IR R B 3 AR fb 3R W] = VLU IR b 55 b 78 1) 2
Bl A 5 AR AE AR K ZE M A ARG
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Characterizing the evapotranspiration of a degraded grassland in the
Sanjiangyuan Region of Qinghai province
LI Jing-mei'**, CAI Hai"*, CHENG Qian', QIAO Chun-lian"*, CHU Hui'"?,
CHEN Dong-dong', XU Shi-xiao', ZHAO Xin-quan', ZHAO Liang'
(1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008,
China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
3. Qinghai Engineering Consulting Center, Xining 810001, China; 4. Department
of Mathematics, Qinghai Normal University, Xining 810001, China)

Abstract: The evapotranspiration (ET) of degraded grassland in the Sanjiangyuan region was investigated to
further elucidate the water cycle in this region. The eddy covariance technique was used to measure evapotrans-
piration and sensible heat flux continuously for 3 years in this degraded grassland in Qinghai province, China.
The annual precipitations (PPT) were 460. 7, 496. 1, and 480. 1 mm for the three consecutive years. The annu-
al ETs were 452. 24, 474. 24, and 459. 57 mm, varying in accord with the annual PPT. About 75% of the an-
nual ET occurred during the growing season from DOY121 to 300. The ratio of ET to PPT was greater than
95% during the study period, indicating that there is some balance between ET and PPT and the average in the
growing season for each of the three years were 1. 86, 1.92, 1. 81 mm/d, respectively. However, the averaged
ET was lower than 0. 6 mm/d during the non-growing season. The annual and daily dynamics were single peak
type curves. The maximum monthly ET rate was 2. 0—2. 2 mm/d, which occurred mainly in June or July. The
daily peak appeared at noon and was 0. 21 and 0. 10 mm/h during the growing and non-growing seasons respec-
tively. ET was most sensitive to net radiation during the growing season while the effect of air temperature and
vapour pressure deficit were secondary. Compared with the non-degraded area of Kobresia humilis meadow,
the ET of the degraded grassland was lower in the growing season but higher in the non-growing season. The
lower vegetation cover was attributed to this result.

Key words: eddy covariance method; evapotranspiration; Sanjiangyuan region; Qinghai province; degraded

grassland



