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Estimating whole-tree water use of Picea crassifolia based on heat ratio method
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Abstract

Aims Accurate estimation of forest transpiration in the upper reach of the watershed is vital to the management
of water resources in arid region. The objective of this study was to provide a systematic method for calculating
the forest evapotranspiration at different scales.

Methods In this study we measured the whole-tree transpiration using the heat ratio method technology and es-
timated the stand- and catchment-transpiration employing the upscaling methods.

Important findings The main results and conclusions were as follows: First, the diameter at breast height (DBH)
exhibited significant correlations with sapwood area, and the correlation was characterized by the exponential
function (R? = 0.94, p < 0.0001). Second, in the weighted calculation of sap-flux measurements based on
two-point thermocouples and sapwood area of Picea crassifolia, the correction coefficient between the true value
and the observation value was 1.09. Third, when calculating sap-fluxes based on the average-sap-flux and total
sapwood area of stand-transpiration, ignoring sap-flux velocity heterogeneities of trees led to transpiration rates
being overestimated or underestimated by nearly one third; Fourth, the stand-transpiration estimation method
based on the relationship between DBH and sap-flux can give a more reasonable prediction of Picea crassifolia
transpiration. The results indicated that the probe-based sap-flux measuring technology would perform well for
the transpiration scaling-up calculation at the catchment with only one single tree species, and the calculation
methodology can be applied to other watersheds.
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Tablel Biometric and physiologica parameters of sap flow measurements for Picea crassifolia

MRS RTRIREN TR EMEBREMNSE 197

FER 5 i M4z eI 3 TR FE T AR W B 5L P DR R AR TR
Sampletree Treeheight Diameter at breast height Crown width Crown projection area Bark depth Heartwood radius Sapwood width Sapwood area
number (m) (cm) (m) (m?) (cm) (mm) (mm) (mm?)

1 16.1 222 424 14.07 0.6 67 375 20327.0

2 14.2 16.0 4.29 14.16 0.6 42 321 11 694.6

3 13.0 155 3.38 10.35 0.6 40 317 11 .090.7

4 11.3 114 2.68 813 0.6 22 28.6 6599.9

5 55 6.2 2.01 6.34 0.3 8 20.5 2286.3

6 53 5.0 1.60 5.50 0.3 8 145 13438

7 42 5.1 2.26 6.91 0.3 8 15.0 14137

8 38 41 211 6.55 0.3 8 10.0 785.4

o 40 _ ™, — 5 A S N A

< — F, FE AR R RO B3R A5 BOR BRI F O SR
& ® Investigated trees L) ] — RS S 4 ST o 0
o | WL B A Aot D) AT RS T LR AT PRI
g Frequency percentage MIERE . 5156, BT HESEH TR S, &4
- of the stand distribution N N T 4

g 24 \ MR E 3 AT 5], LM TR PT DAAZ R PR kAT 15
=] N N 4 \ yon " w
g Gt KBNS 5 104 5 JE 2 [RA7AE RGF i 5 ek
H 16 R N .
= KAR(E2).
R
;}; 8 \ LN 10 -
% Wﬂ\ i y= ©(-0303 +0.099x - 0.001x2)
R 0y 10 20 30 40 50 S =079

I p<0.001 )

4% Diameter at breast height (cm)

E1 AR ARSI A SR AR AR AL 50 A o
Fig. 1 Frequency percentage of diameter at breast height at
investigation stand and the diameter of sample trees.
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Fig. 2 Relationship between diameter at breast height (x) and
sapwood width (y) for Picea crassifolia.
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Fig. 3 Sap flow variation patterns of sapwood width for
Qinghai spruce. Total transpiration was the transpiration of
sampl e trees between July 23th and October 25th in 2015.
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Table2 The daily mean whole-tree water use in each month in the observational period (mean + SD)(kg-d ™)

A4 Month FEW SRS Sample tree number
1 3 4 5 6 7 8
7H duly 68.67 + 6.49 29.97+4.19 17.89+2.24 5.37+0.33 7.54+0.87 3.81+043 278+0.11
8H August 44.55 + 9.09 14.77 £ 4.41 9.74+ 257 2.93+0.89 436+ 1.27 1.40 £ 0.53 1.81+042
9 September 34.83 + 9.50 9.98 + 3.29 6.88 £ 3.01 1.72+£0.72 256 +1.29 0.53+0.09 0.97+0.28
10H October 25.81 +6.68 6.99+1.43 3.16+1.20 0.95+0.31 1.64 £ 0.68 0.41+0.03 0.79+0.18
3
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Fig. 4 Stand sap-flow pattern and tree sap-flow patterns on seven measured trees during the observational period (between July 23th

and October 25th in 2015).
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