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Abstract: Thermal dissipation method has important advantages over other techniques for measuring tree and bush
transpiration, which can distinguish between plant and soil evaporation, and can be used to measure transpiration of
different species in a mixed plant stand. Hence, the method has been widely applied by tree physiologists and forest
hydrologists. An important potential limitation, however, is that the calibration of the Granier’s experiential formula is
based on an empirical relationship between temperature difference and sap flux density, rather than on the physical
properties of heat transfer in sapwood.

In order to study the accuracy of Granier’s empirical formula in calculating transpiration water consumption of
individual tree, eight Platycladus orientalis trees were selected as representative diffuse-porous to validate the accuracy of
Granier’s empirical formula in Xiaolangdi forest ecosystem research station of state forestry administration from May to June

in 2011. The sap flux densities of P. orientalis under different pressure at water column heights of 15, 30, 50, 70 and 90
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cm were measured by thermal dissipation method and compared with weighing method. The relationship between sap flux
density of P. orientalis and temperature difference’s coefficient ( K) obtained using regression analysis method was
established. The results showed that corrected Granier formula was F,=0.0115K*™" (R*=0.8319) based on individual
P. orientalis. the calibrated Granier formula was obviously different from Granier’s original formula ( F,=0.0119K"*'(R*=
0.96) ). The coefficient & (0.0115) of corrected Granier formula was similar to that of the Granier's original formula, but
the coefficient B8 (0. 5581 ) of the corrected Granier formula was one order of magnitude smaller than that of Granier’s
empirical formula, and their quantitative difference was 54.66% . Compared with the sap flux density measured by weighing
method under different pressure at water column heights of 15, 30, 50, 70 and 90 ¢m, the average values of the corrected
Granier formula was (6.70+0.02)% higher, while the average values of original Granier formula was (78.53+0.04) %
lower, indicating that estimations of sap flux density of individual P. orientalis by corrected Granier formula were of higher
precision.

Therefore, the corrected Granier formula would be apply to calculate sap flux density of P. orientalis. Nevertheless, an
error-modified formula based on thermodynamics theory must be provided to ensure the accuracy of sap flux density derived

from the original Granier empirical formula.

Key Words: Granier original formula; sap flow; thermal dissipation method; Platycladus orientalis
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Table 1 Basic characteristics of Platycladus orientalis( Mean+SE)

WA EN v EE Ml Mtz MBI Bt
Species Wood type Stand age/a DBH/cm Sapwood diameter/mm N
i H
fun . . . HeALH 12 44.30+0.49 16.86+0.17 8
Platycladus orientalis Diffuse-porous
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F2 IEBRAEHFEIER Granier A3
Table 2 Comparison on calibrated Granier formula among different tree species
1 IE/AZ Calibrated formula

i F, = akP /(g em™2s™) K
Species EX EX

P Cfffff;ta cojﬁii 8 0.01 0.05 0.10 0.50 1.00
YeE MR Quercus pedunculata'® | A Pinus nigra'®?
AEMEHS Pseudotsuga menziesii'®) | = f W45 Populus ~ 0.0119 1.232 0.00004  0.00030  0.00070  0.00507  0.01190
Sremontii ) | EARM Tilia cordata)
R FT SR Fraxinus excelsior ') 0.02023 0.428 0.00428  0.02145  0.04300 0.21906  0.44823
WM Acer campestret'+] 0.0129 1.460 0.00002  0.00016  0.00045 0.00469  0.01290
Ye[E 1A Crataegus monogynat ') 0.0204 1.387 0.00003  0.00032  0.00084  0.00780  0.02040
WHB Acer grandidentarum™"? 0.055 1.02 0.00050  0.00259  0.00525 0.02712  0.05500
MK Platycladus orientalis 0.0115 0.5581 0.00088  0.00216  0.00318  0.00781  0.01150
xil:kﬁzi ?:f:ef::"zz:m[f B Quercus palustris ™ 0.01368 1.2997 0.00003  0.00028  0.00069  0.00556  0.01368
M Quercus gambelii'"7) 0.579 1.38 0.00101  0.00927  0.02414  0.22246  0.57900
¥ Sophora japonica'**) 1.19 1.24 0.00394  0.02899  0.06848  0.50381  1.19000
HAAKE Quercus gambelii'>*) 5.81 1.88 0.00101  0.02081 0.07659 1.57848  5.81000
VI Elaeagnus angustifolia > 0.93 1.65 0.00047  0.00663  0.02082  0.29634  0.93000
S B Gleditsia triacanthos!®!) 3.07 1.40 0.00487  0.04631  0.12222  1.16331  3.07000
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AT (£ 2)  MALIE SR AR 0. 02 mol/L KCI AR FEREY MRAAERD ThAm™ e
SR BT gk 30 min, SLI6 AT NSO VR0 B R VE R 0.01—3 g em s B KT R ph AR T E Y
TR, XS A IE S BB o BARK T Granier IR AR o —RIBAEORESL, SR, bk
5OR oAb B A TR IE A R R B B HRAL T 1.02—1. 65 Z00] ($22) . (EALIESZEG AT, BRI /K K A4
P61 m = BEAESF 30 min, { T — SB35 70 ) T B 7K e 2 T 080/ RS T A ZERR FE | DADRIIEAE el A8 KA 8 B 5%
P T AR T 25 RS L 7E 15 .30 .50 .70 F190 em /KA S BERYE SR, BREEHI05E ARG 90 37 8
TG 0.00068—0. 00423 g em™s™ | Hige KA TR P EALSAN ph e b AR T2 (8], F ] 0,
R I 3 i R HE N AT e ST e g A AT O T i AT RE S SO T BH 7 980N e I A I 3 R i
P, 2R3 BIR,IEM Granier A R o FI B AT He 7 A3 0 52 3G G 2, S50fel MDATTARS A YR o7 3 o %t AR
MR, Steppe 452 HIFSE SR, BEE VA R A IEAN , BT s 5 R k0 A A YR DA R 22 Rt
WK, P, SR A B A R AR A S50 )RR IR AN 8 R, RS B S
DL 2% S R DN 11 1R 25 R BT A5 3 A I A R BT ARt WA B T8 s M RS S 7 S
WA EHES K ARXR,

#3 FRAENHBETHREAR

Table 3 Calibration formula under different pressure
J& 77 Pressure

B Species <15 cm /KA <30 cm /KEE <50 cm /KAE <70 em KFE < 90 cm ZKHE (EBEHE)
Ppeeies <15 cm water <30 cm water <50 cm water <70 cm water < 90 c¢m water
head head head head head ( All data)
ke F,=0. 0029K" 787 F,=0.0095K°18 F,=0. 0099K"- 8! F,=0.0116K">™ F,=0.0115K"#
Platycladus orientalis (*=0.6395) (*=0.6287) (7 =0.7698) (*=0.8455) (*=0.8319)

http ; //www. ecologica. cn



1950 A E = 324

3.3 A ARERGEA A SR A A

LA [R) R HBF LA U AR RS SRR = A SRR R E A S R
a5 Granier IR AL TR —Ho g0, WERL ARRIEE Y IbAR e g e > | T 3L
KEEARMARE o 5 Granier IR AR —BIABEEHR (K 2) . BRIE TIRFLAE, DUHR T 4R 5
B RMZ IE Y Granier 2430 R B IR A BN HET , 117 LA 1R Ry SEg b B E 220 R E0S Granier
JE AR A XAHZERR (3R 2) , IX AT RESE: f AR AT A ) b A A R, AR S R A7 AEAR 0] 25 5, S0 00
PR S N R R 2, R AT A B — 28 3 A A [ B o 5[] — B Ao A [R] SR Y AR B S5 F X Granier
Jsta A SR IR

LA LA B AR W] JF R Granier JEUR SRR IE SC8G , N5 TE AR BT PRI AR 45 F 25 DR 300 A IR 45 2R Y
SN TRV Ry 0 sl N AR AR X N0 5 SRR M, IS i P 2R KA R 26 F R g i 1, Ty EL B8
ANTF IR B L | ASERR AR AL IE 22 5
Brigt: SRS R P A 2 b EARO R BT B THAR DTSBTS5 B0
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