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Model-based estimation of the canopy transpiration of Qinghai spruce ( Picea

crassifolia) forest in the Qilian Mountains
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Abstract: The canopy transpiration of forests is one of the most important components in the water balance and it is
nevertheless the least-understood component primarily because systematic data from field environment are unavailable and
difficult measure. Modeling thus remains to be an effective tool in estimating the canopy transpiration of forests. Qinghai
spruce ( Picea crassifolia) forest plays an important role in regulating the water balance in the Qilian Mountains through its
effects on different hydrological components (including rainfall interception, canopy transpiration, and soil infiltration) and
again the canopy transpiration of the forest is the least-understood component. This study aimed at estimating the canopy
transpiration of Qinghai spruce forest of the Qilian Mountains based on the meteorological and the energy influx data
observed at Guantan Forest Station (100°15'0.8" E,38°32'1.3" N) within the Qilian Mountains. Specifically, this study
simulated the canopy transpiration of the Qinghai spruce forest during the growing season of 2008 using an improved
Penman-Monteith equation and the univariate sensitivity analysis was performed to test the sensitivity of variables affecting
the canopy transpiration. The results indicate that the total transpiration of Qinghai spruce forest in the growing season
(from May to September) of 2008 is 148.8 mm and the daily canopy transpiration rate ranges between 0. 016 and 2. 19 mm

with a mean daily transpiration rate is 0. 97 mm at the research station. The highest monthly canopy transpiration occurs in
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June (37.9 mm) and the lowest in September (17.3 mm). The modeled daily canopy transpiration increased at the
beginning of May and reached minimal value towards end of the growing season. It is noticeable that the daily canopy
transpiration reached its maximum in the middle of July, but the maximal monthly transpiration occurred in June probably
because of more rainy and cloudy days in July that effectively lowered both air temperature and solar radiation, thus lowering
the monthly canopy transpiration. Sensitivity analysis showed that among the factors affecting the canopy transpiration, the
sequential order of the importance is as follows: net radiation intercepted by canopy > leaf area index > daily air temperature
> wind speed > relative humidity. Apparently, the net radiation intercepted by canopy and the leaf area index are two most
crucial factors and thus the accuracy of the simulated results are dictated by the accuracies of these two parameters. The
instrumental error of measuring the net radiation was £10% in the study. The leaf area index was obtained from digital
hemispherical photograph that demonstrated the best way to get the leaf area index in the forest. Our sensitivity analysis
showed that £10% changes in the net radiation resulted in a maximal change of £0.22 mm (+10% ) in the daily canopy
transpiration rate. The +10% changes in the estimated leaf area index can result in a maximal change of 0. 16 mm
(+7.22% ) or =0.15 mm (—-6.90% ) in the daily canopy transpiration rate. We consider that less than +10% change in
the estimated daily canopy transpiration resulted from about +10% change in any of the contributing factors and thus the

model-based estimation of the daily canopy transpiration is acceptable.

Key Words: Picea crassifolia forest; canopy transpiration; improved Penman-Monteith equation; univariate sensitivity

analysis
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Table 1 The series of observables, sensor models, manufacturers, precision and setting height/depth in Guantan Forest Station

WL 1 LI AR IR 2R (H)
Observables Sensor models  Manufacturers Precision Setting height ( depth) /m
S Air temperature HMP45C Vaisala (75%) +0.2C 1.92,9.90, 23.75
FXFHEE Air humidity HMP45C Vaisala (75%) + 2% 1.92,9.90, 23.75
M Wind speeds 014A MetOne ( 3£[H) +0.11 m/s 2.24,10.00, 23.80
[# T Rainfall 52202 R. M. Young (3E[H) + 1% 20.00
SJE Atmospheric pressure CS105 Campbell ( FE[H) +0.5 mb 0.50
+ G & Soil heat flux HFPO1 Campbell (EH) * 2% 0.05,0.15
+ R Soil moisture CS616 Campbell ( Z:[H) +2% 0.05,0.10, 0.20, 0.40, 0.80, 1.20
+ IR Soil temperature 107 Campbell ( FE[EH) +0.2C 0.05, 0.10, 0.20, 0.40, 0.80, 1.20
i fiﬁjn?fffiﬁid — CcM3 Campbell () + 10% 1.68, 19.75
K45 5 Long-wave radiation CG3 Campbell (FH) + 10% 1.68, 19.75
S S T
?ll‘fj:t:;riﬂj Efj gj::;jj speeds and air temperature CSAT3 Camphell (S¢F) B 20.25
KTk LI-7500 LI-Cor ( 3E[H) — 20.25

Fluctuation of water vapor

1.3 Fdlikbss

N T A E S H 5 E 2B FEK &, 1 50 B 30 min (0L 540000 S 45 o H 4500 . KIH
R B AT 2 T 1 TR B R ORI (H PR TR TR AL ) 6 AT RIAR /DN 1) i S5 2 T AAR SR M Mt )2 1
D7 R BN TG T R EGE e F I S SR ZES AT PR e B (AR MZEKE, mT
ZRETR BT 55 R ARG A B TR FE AR, 3050 R SR 56 28 G B LI 1 £t 2R 81 7E 4
T L LI 300 0] 2y S R RR B R B 2 o T i 9 I S K80 , AR SR A Mahmood 1 Hubbard ) fF 2 H (4 75
AT, WA AUE TR HA 28 S BE AR CO, MR EE DN SR FH B e 2 1 i J  K 194) FLSP- J4 {0 e aoF
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e =
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‘ \ N 5 17. 2577, ‘
K, e, (T,,) A—K i m i i A9 1 AK U (kPa) e (T,,,) = 0. 6108exp T 2373 se (1) H—RK
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JFE W S i (A AR AB (% ) 5 T, BN T, 53 3R — K Hh 8 o e P AR (°C)
Penman-Monteith 5 {5 28 KA A PR J2 45, i T3 5 J2 3% 1w 25 K sl J1 24 B i ( r,) W] 5R

RN
s.72uf=)]
T 140, 540, (6)
Ao,z Rk 2 07 XUE Y R (23,8 m) sd NEF NS, i Al d=12. 75m;z, MO JZHH
B (m) ,2,=0.075H , H V-85 (18 m) 5u, K z S ALY XE (m/s) o
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K r AAE R R e VA BCRALREL)  TE S K S5 T A 100 s/m ;s LAT Sy i TEFRAE 55, 1R
FHPEERBSE BOARSR AT O 5T X AL M N LAT 8IS (EN 2. 9750 0, N H B2 RN F R CO, W E
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2 HROW
2.1 AEKFEWGE HZE 1 & 1A URAE

PG T 1T858 2 28 5 1) Penman-Monteith 18 1E 28, Al S5 X 5 1 = 26K 2008 4E4: K Z2 0 1Y) H 2815 3
(ET,) &R AN AR TN BZEE RN 148.8 mm, [FIE, 7E Excel R IR H 281 & F1 H R RN
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Fig. 1 Daily canopy transpiration changes of Qinghai spruce forest and daily rainfall during the growing season of 2008

M1 FTLAE H 7E 2008 AR K T2, 1 2 A2 H 2815 AR K, JEARTE 1.0 mm B R
3, B ATIA 2,19 mm/d, S AIKFT 24 0.016 mm/d, V-3 HZE B0 0.97 mm, i H 7805 5 128 (a4 n] 41,
ARZFEIGIE (5 AP)) , 5 AZME B 2815 S50 K, 76 7 A b LAk R, N7 A F R84 K245
HH 78 B N

DO S H I UG 5T KN SRS T E R B 22, 1 s A2 A K, 2R R v
Ko M7 AT A RERT iR HLAR SO0 K H R S s/ ORI, 25 T 40 1 35 i = A2 I ZE B AE ], iz ,8 A
BRI IR Mg 1 A2 AR SZ BN R I DAL ZE 1B AR IR BE Z B W55 . o3 A, 28R T = i[RI B
% DX PN B R BH AR S e 3 5 1 BRI AR 0 28 I A R Ak 2 DG BEAE F , ANORT AR R i iR L R PR
L B N AR ZE R 22 T ELAR (AR 0 SFL I8, 90 PR BE 7, T3 S 2 sV FH s (A5 LR I R 75
MG 2R H 288 i K AT3A 2,19 mm, 24 B R RN, AS{OK PHAR S 55 HLAGREAR , ASFI TR ZERS | it
HIGFAZAR HZEHE N 0.016 mm, BRICZ AN, BT R ARFRP A9 28 AR R A K, 7E— i R ALFFE 2
TR AR AR Z B KRR 258/, Wil IR ZEIBVE R . T LA, BARBIEGR XN 7 A i H B4 H SF-2
KIRAE SR T 6 H 0T 7 MBI R 2 (H R EN 128.7 mm) , Bl 7 HH &1 2R
AR RN 35.8 mm KT 6 A A7 §(37.9 mm) ,
2.2 BUHDES RS BT

L A0 ) 2% o 5 P8 S AN T I I P P i e s A BRI B, I8 2 A B i 2 A S IR T I 2R A i, o

http ; //www. ecologica. cn



2388 A E = 314

T E T AR 5 B AR R N 1, A R FAR S 2 R R AUKIRE 2 RV N 3E . A
WESEHI TR /R 28 5 19 Penman-Monteith 13, HAS A iy A28 32 204 MO 2 8RB0 R T (R, ) il
(T) AN REEE (RH) JEJE EITHIXGE (u,) PLCH A2 AR I T BE B (AT o Sk iR N3
g = MO RN ZE G A R AR | AR50k SR B (CHUA S O ) S0 R 20 A i, BRIV SRS BE 1 gy A
SHAE— 2 TN AE AL, 70 RS BB AD 45 2R 1) A8 AR IR 2, 0 YA B g A S A £ 10% J5 AU S R A2 4L
B BEAE T 00T 4R LR 2

F2 HEEAXNEWASHTUHERES T
Table 2 Analysis of the model’s sensitivity to inputting parameters
R A5 A S BN 10% Inputting parameters increased by 10%
T/ u./ R,/
C (m/s) (MJ+m™2d)

RH/ % LAI

B2 e (AL LR %

Change rates of simulated transpiration

6.02 -4.31 10.0 -0.005 7.55

R 4 AS 08/ 10% Inputting parameters decreased by 10%

T/ w,/ R,/
< RH/% 1A
C (m/s) (MJem™d™)
D) 2 s 75 T B
LIRS i 2 PR 9% -5.79 4.73 ~10.0 0.005 -7.17

Change rates of simulated transpiration

T3 HAPB TR s, AR B J7 KE s R, RO Z R B B 5 RH D 28 SRR BE 5 LAT o TR 4K

22 R T HTAS SRR T MO AR (0 1 S LA B S B AR T R 1) T RRURE HEORTASE A 28 SR 14 2
IR, R E R RSHE ) EEESR, MGE 2 BRI R S 10% B, BB B IR 10% , R 2, &
RLALLZE 1 5 0/ 1N 1096 17 T AR R 500 ek e 28 56 J22 1) “SCF L BEL T R s A 40040, oo T ARLE 500 K W 6 Ak
MG JZ I SFLBE T8N (A 3(7) ), Bt AL ZE I 18 O AR A KU G B 25 SR s ik 22, Y S8
A E£10% I, BEZE IS 0078 AL IR BE 20 501 6% Rl 5% ZA , Herp SR THE 3 K T M i 5 8 Bl 28 S 7k ik
JE 22, AR R T 596 25 AZ AR I S 3R A4 5, 17 AR IXUAS (S e A AR 303 ol 258 8 Uk 557 , o (i ot il 2 /K
FOKFLIC A ZE U 25 SO B X AR5 SR 1 SE W fe /N, TUT- AN 52 M A 40028 6 o 1 A8 A, 3 R B AF 5%
DA N PRI I AL TR AR AR AR K — RO AE K 73 A R 1Y [0 3, BEAS 1 £ Penman-Monteith J5 &
P B AR AT B AR (T R IRIK 53 78 AR ) ¢
2.3 R, HI LAT X ARGEZE 1 2 1 52 00

TR T 45 SR B R A, 2 R AR S (R, ) DA SO WRARAR T S TR AE A I T AR B ( LAT ) 2
PiE Penman-Monteith & 1E 2B ZE I 1Y =2 SH0, %F R, FI LAT 28 8l £10% B BT ZE I A T 40 b7, 181 2
P 3 I T R, AT LAL 8 51+10% B H 7€ 1 B 5 3k 2 A28 1k

I 2 AT, YO 2 AR R ST (R, ) 38 109 I BSE4DIZE G Bl 2 88K, 24 R, /N 109% I, 5401 78
it IRBE 2 080N, O B H 28 G i 3G R/ MHIR] . 25518 1 RIEL 2 Al FERRANME R FE R, AR B £10% T
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