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Abstract: Picea crassifolia is the main afforestation tree species in the Loess Plateau in China. Vegetation reconstruction
and forest stand regulation can be guided reasonably by studying water consumption characteristics in this area. It is

important for forest stand to strengthen stability and to improve water use efficiency ( WUE). In order to reveal the canopy
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transpiration characteristics of Picea crassifolia during the growing season and the response of the overall canopy stomatal
resistance to environmental factors, and to understand the equation of Penman-Monteith whether or not suitable for scale of
canopy of Picea crassifolia, we used thermal dissipation probe (TDP) to measure sap flow of Picea crassifolia and monitored
the factor of environment by weather station ( DAVIS). Then we framed the regression model between Canopy overall
stomatal resistance (r,) and the environmental factors by inverse method. Lastly, we used equation of Penman-Monteith to
predict the transpiration of Picea crassifolia during the growing season. The Root Mean Squared Error, Mean Absolute
Deviation and Mean Relative Error would be the indexes to test and verify the accuracy of model we framed when we
compared the predicted value with the measured value. The results show that (1) the daily evapotranspiration of Picea
crassifolia increases firstly and then decreases with the monthly changes during the growth season. The ratio of monthly
evapotranspiration to potential evapotranspiration is Jul (79.68%) > Aug (72.71%) > Jun (72.53%) > May (67.08% ) >
Sep (66.48% ) > Oct (64.29% ). (2) There is an obvious Lag-time phenomenon between sap flow and meteorological
factors about 0.5 h. (3) The r, is positively correlated with relative humidity ( RH), and negatively correlated with
atmospheric temperature (T) and saturated water vapor pressure difference (VPD). (4) We applied the established multi-
factor regression model and Penman-Monteith equation to simulate and verify transpiration of Picea crassifolia. The results
indicated that the cumulatively average relative error is 14.381%, the average absolute error is 0.160 mm, and the root
mean square error is 0.2. The simulation effect is basically feasible. In summary, the equation of Penman-Monteith has good
applicability on the stand canopy scale. We can accord to the established multi-factor regression model combined with the
equation of Penman-Monteith, three meteorological factors of saturated water VPD, T and RH can be used to simulate the

evapotranspiration on any day, avoiding the inconvenience of long-term observation.

Key Words:; daily evapotranspiration; Penman-Monteith model ; potential evapotranspiration; multiple regression model ;

overall canopy stomatal resistance
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Table 2 Sample Tree Information
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Fig.1 Changes in daily evapotranspiration, daily potential evapotranspiration, average daily temperature and daily rainfall during the

growing season of Qinghai Spruce
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Fig.2 Time-lapse changes of stem flow to different meteorological

factors
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Fig.3 Dynamic map of soil moisture in growing season plots
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Fig.4 Relationship between overall stomata resistance and temperature of spruce in Qinghai in each month of growing season
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Fig.5 Relationship between the overall stomata resistance of the canopy and the relative humidity of the air of Qinghai spruce in each

month of the growing season
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Table 3 Multiple regression equation of canopy overall stomatal resistance r,, and meteorological factors

Aty g%@ﬂ]’fﬁ’ﬂ - R o

Month Multivariate regression model ’
5 rg=8258.192VPD-867.481T+104.439RH+847.06 0.837 257
6 rgy=3515.621VPD-413.497T+47.353RH+1688.05 0.820 150
7 rg=3260.307VPD-452.016T+77.037RH+2188.192 0.833 125
8 rg=1471.474VPD-232.558T+18.18 RH+2453.46 0.809 125
9 rg=1776.084VPD-110.703T+49.818RH-975.454 0.792 125
10 ry=146.46VPD-133.697+25.143RH+3173.389 0.803 125

IREEE RANGE 4 B, AR ZEN T 9.118%—19.254% 2 [A] , e AR 4 7 iR 2 4 0.082 , K F
WX 22 0.07 mm; BT HRIRZE R 0.200, B4 6HR 2R 0.160, Bi-FIMHXTR 2 H14.381%,
IREJLHI L A3,
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Fig.6 Relationship between the overall stomata resistance of the canopy and the saturated water vapor pressure of Qinghai spruce in each

month of the growing season
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Table 4 Simulation accuracy of daily transpiration of Qinghai Spruce in each growing month

Ay YIriiR s LR iR 2 AR R 22
Month Root mean squared error Mean absolute deviation/mm Mean relative error /%
5 0.195 0.157 16.845
6 0.166 0.130 9.118
7 0.438 0.354 19.254
8 0.209 0.174 14.895
9 0.109 0.077 12.080
10 0.082 0.070 14.093
St Total 0.200 0.160 14.381
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3666 JAE = 41 %
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Fig.7 Comparison of Measured and Simulated Daily Transpiration of Qinghai Spruce in Each Month
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B, B DU R R I o [ AR B ST T A SRR RS A AR 2% s R A 2R 00 TR S AR AR AT PM O R
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(2) HFlE AWM T 220 5RAG W FRI — 2 B RO, BARR I 4 T 2550 SR 7K R R 22 (VPD)
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