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Evapotranspiration characteristics of artificial and natural forests in Liupan Mountains of
Ningxia, China during growth season. CAO Gong-xiang', WANG Xu-fang’, XIONG Wei',
WANG Yan-hui', YU Peng-tao', WANG Yun-ni', XU Li-hong', LI Zhen-hua' ('State Forestry
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Abstract: In order to understand the effects of the structure of forest ecosystem on the hydrological
processes, a comparative study by using thermal dissipation technique and hydrological methodology
was made on the evapotranspiration (ET) and its components of Larix principis-rupprechiii plantation
and Pinus armandi natural forest in two adjacent stands in a small catchment Xiangshuihe of Liupan
Mountains during the growth season ( May—October) in 2009. Throughout the growth season, the
total ET from the plantation was 518.2 mm, which accounted for 104. 6% of the precipitation and
was much higher than that (420.5 mm) of the natural forest. The allocation of ET in the vertical
layers performed similarly between the two stands, with the order of canopy layer > herb and soil
layer > shrub layer, but the ratio of each component to total ET differed significantly. The planta-
tion consumed 0.2 and 0.9 times more water for canopy interception (19.6 mm per month) and
tree transpiration (25.2 mm per month) than the natural forest, respectively. However, the tran-
spiration from the plantation was 4.4 mm per month, and took up 23.4% of the natural forest. In
contrast, the sum of soil evaporation and herbage evapotranspiration consumed 37.1 mm water per
month in the plantation, which was 0. 8 times higher than that in the natural forest. The ET was
calculated by Penman-Monteith equation to compare the results estimated by sap flow measure-
ments, and the values estimated by the two methods were similar.

Key words: Liupan Mountains; Larix principis-rupprechiii plantation; Pinus armandii natural for-
est; thermal dissipation technique; evapotranspiration.

T E R R SR E (2011 BAD38B0503,2012BAD22B030102)  Holl 23 25 4T ML RHIF % T (200904056 ,201104005-02 ) Fll [ % H
SRBLE I 4T H (41230852 ,41071023) i Bl

# # W IHAE# . E-mail ; xweaf@ 163. com

2012-09-29 Ytk ,201305-29 #3%.



2090 A

M

L% 24 %

o

AR IS iy R 3 11 /K -4 11 - 1 )
TR oy, W AR S R GV S X
TR X 1 AR AR A OB AR
MR B IE I BZE 1 e 2/ M ) ey A 1 3K )
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FEARE. T AR SCHIFE , W T IE BRI A T AR 7301
FE RIS R R B m AR A S R G4l
Fa 0k 2 Wb 20 U i s e A L) B AT R 0 S

AEALIE WA ( Larix principris-rupprechtii ) 42 3% [#
U757 MDA FEEEARB AR, A 1964 4E5I AT Z N
Ll X DI PRI AR R4 HORZ AR bk, B
RiT, AR EL 1K 15700 h® ). SR T, K I AU A A T
ARECE T RIS B B 4 b g, i B 3 AL
PRI I FEFEZK T BE - B0 XK 5% 8 114 <22 42 0] L.
H AT, BRI 5 i by N AR ZE B 1 2= 1 28 Ak
PAKCN TR 5 KSR MRHR I 78 B4 70 e ik 2 A7 3R
PR ez H 5 RARARAE IO HL A 43 1 R
G, IEABERGEAPN TARGE H X HAE K 52, K
X HA Y A K SO a8 AT B BRVTPAR . PR, A B
FER A BR85S GeK 300k W 7R i
KNI A BRI 7 R N T ARFI AR LA (P
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1.1 AR

R XM TFTEANEDLAREY X
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A BBAZ O T 19 A K /N IR, T 3K 2040 ~ 2942
m. ZHL X AR R 5.8 °C i A (7 A) AR
17.4 C, &% H (1 H)FHSIR-7.0 C,FEBREK
710 mm, ZEH T 7—9 A, THE<1.0, THEY
100 ~ 130 d. =38 3= 2 g 1) b I £, JEEBEAE 30 ~
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platyphylla) ZLHE( B. albo-sinensis ) . 1L 7R Bk ( Quer-
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FA(P. tabulaeformis) .
1.2 5t

FEA AKIRT /NGRS I8 AR DX PN HEBRAH 4B 1) 1k
7% #A N T4k (35°30750” N, 106°13'30" E) FilfE
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T FAS+ SRR S i AT W 45 43 i
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1.3 WOk
L3, 1 MOEREE I E 1) FROMEEIK - 7EAE 1 B 1Y
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Table 1 Main characteristics of the plots in the Larix principis-rupprechtii plantation and Pinus armandii stand

A {557 Werz Wi

TeARJZE Tree layer

HERJZ Shrub layer HIZKJZ Herbage layer

Forest Altitude Slope Slope R W #z
type (m) degree aspect Density DBH

(stem » hm™) (cm)

[ I b W AL L HE
Height Canopy Height Coverage Height Coverage
(m) density (m) (% ) (em) (%)

A 2278 37 R4t NE 1225 14.7+3.4 13.8+2.6 0.64 1.2+0.3 17 37.8x15.4 70
B 2263 39 A SE 725 12.1+6.6 6.9+2.6 0.35 1.5+0.8 77 27.7+18.3 25
A AEJCIE M HA N AR L. principis-rupprechtii plantation; B 2B IIFATRIRMK P. armandii stand. T [A] The same below.

A n TR C OB — R PR T 250
(mL) s M, R B — G ARRREL; S b B Hb i £
(m?) ;P RS K (mm) ;T Ak N 28 5 KK
(mm).

1. 3.2 HURRZE G B e ARy ROES64e 1) FTe AR
PRI 5 26 B8 2 i Al 1. 2009 4F 5—10 A 7E4EIL
TE A N TMCORITAE L KSR MRRE L P e A K B A
FIREAR , FIFH SF-L RIBPY BOR 53k (#2E Ecomat-
ic AF]) LS E 5 BRARILTE A 3 BRI 1
BREIKE 1 RREDHERE A R 000, B i s 1 B o
5 min. A3k G K B L B A B RS A 0 R 22, A T
TRCTAL O R A7 B A T T A B Ak (1.3 m) .
AR EURE R B R T A T AR, A X (3)
T FBIAR B A RZE S (E,, mm - d7").

E=], - A, (3)
L J A FEAR A E R (mL + em™ « min™") 54,
FIREAR LM TR (em® ) .

2) VEAR FRAR Z I 1 0 A « 7 b o b i R 32
ABFREA PR B i 2 0 5 SR R SN W AN
IR A7 i e 1 2% s ol R 3 S B Rk 2R s i (W,
mm - d7! ) [23] .

W,=E, +H-0-P-C-L (4)
K E DRt ZE R H O (g - g7 -
min~") ;H HIE HSZPr H I (h) ;0 MR R
AR T BRI, FHRHRHIO, Za RN
0.7 ;P Ry R EL, 48 [l — A 45 A [l A2 i - H P
7R R S T RE Y LA € oA et R, 48 W e
AT AR AL R H S Y5 78 1 R 5 Ty st
(R EAE 5 L R el S e i o i ()

3) B BIMR G 7% e A RO e e FH B AR R
PP A 1R T AR A 45 ) 4 e SR A3 25 1 A R
JEROR , AR Z MR ZEE & (E,, mm - d7") 35

/Z_\\I‘ 24 :

Ec :']mean : As-sland (5)
KA ] AFEART IR R (mL « em™ « min™' )5

A g AL BRAAF R (em® - m ™).

L33 AR R+ R ZE I E A SO 28
BAL(EAR 20 em 55 30 em) 24 h %200 5E O R
A, 43 BIAE R AERE P B AR T R 56 A i 9 A4S
ZRBALGE L (6) THA BAS + IR 75 1R (BT,
mm - d”' ).

ET = iAW,./nS x 10 (6)
K AW S | D IAIZE B 2 IRFR A 22
(kg) ;S NZEBIUAFF O m®) 3o A IE 4L
L3.4 S HFNE  TEARSM 2 W B 37 Weather-
Hawk-232 #Y [ 85 %2 vk ( 35 [EH Weatherhawk A F] ) |
W2 R PHFE SR (W - m™) 2 JE(C) ER
FAXFMEEE (% ) XA] (deg) XU (m - s7") FIREK &
(mm) ZFFEFR.

1. 3.5 MEAFEEC(LAD) M A LAI-2000 FE4)
TR (£ LI-COR 2 w] ) 164E K 243 A Wi
3R, IR TR E.
1. 3. 6 Penman-Monteith HFE  FRMA: & R G %
AR,

RA +pCy(e, —e,)/r,

Ey = A+o(1 +r5/rj) (7)
KA E NBRMAESREZET S (mm - d7') 50 AT
TR IR R E W E,v=0.61 mb - C™";A HTEFH
MEER B ¢ (°C) B AR K R Rl 2R R R
(mb-°C™") A= 5430 e/ 1.8T°(T=1,+273.3) ;e,
K o WA FIK IR (kPa) je, ST o, I 52 PR KA
JE(kPa);C R8s W, € =1 k) - kg™ - C7'5p
R (kg - m™) AR r e 12
BH T35 r ok R BH T (r, o r, B0 R0 355 2 U SRR
(26 ] ; it/ i AR R EO0 S L BH T B 52 0] r B S
PR AR E N r = /k - LALk=0.5");R,
JA GRS TR AR T .

R,=R,-R,-R, =R,(1-a)-R, (8)
KR, A BRI R ISR ST 5 o Ry HbuTHT S5 S
R AERS TR .

R, = o (1, + 273)* - (0.56 — 0.079¢)°
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(0.1 +0.9n/N) (9)
Rf.e WIKER(=0.95); 0= 5. 67 x107"
W - m™ e AT LR SR s n/N R SEFRR SC H BRI
SR RERTE Y EL, S 2 B B AR R R R
(R,) FIEEEST (R)) LARE R B JE AL W - m™> 3,
R ‘EXERE A TKSEEBRPKY &
(mm - d™"), BEEKAFRBRL = 2500 ] - ¢,
R

R, =864000 - [R,(1-a)-R,] - L™ (10)
1.4 Hdlaba

I3 JH Excel F1 SPSS 16. 0 GE 143 #1544 % B d
HEATAL . Te R 22K EARZ 2K | L+ AR 2
ZEHON He 3l I S REAS T AR 56 20 B 25 A L
(a=0.05) , Btk H Z& 15w Xt F 4705 22 5007 (one-
way ANOVA) , R FH e/ W 35 25 500 (LSD) i 17 2%
S E AR (a=0.05) . SCREEE Y N (E 45
2.
2 HERE5HH

2.1 A[FEMSEZHEE A AR

X} 2009 4 5—10 H 23 R EL IR K B9 W
WX T 2 FiAksr g H R & (B 1), g5 %
B, ARtV RS N TR S A8 1L P R SR MG J 2 A0 B 1
AR A AR, BTN 6.2 ~33.7 mm, H FH#
PR N34.6 % ,J5EH N 5.5 ~24.0 mm, H A
FH29.1 %. 5% 6 HFEM M, 5 Hk 5052 8 B 1t
R ZEEARE. AR AU P MO 2 R B
TAEIIAAAR, 3X 5 2 bk o3 ) i T AR 46 B0 (LAT) 22
SAK(FE2). WFFIAR, )2 4B i i R K
FE  FERE KR —RE AT, P4 LAT S5 0 76 )2 8 B3 et 1)

40 - mA

(i

A 4 Month

B 1 AR AR

Fig.1 Seasonal variation of canopy interception of different for-

EEREE
Canopy interception (mm)
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est types.
A AEJCIE M HA N TR L. principis-rupprechtii plantation; B %E111#A K
SRHK P. armandii stand. T [F] The same below.

Fx2 FAEMRSHEREHNETTH
Table 2 Seasonal variation of leaf area index ( LAI) of dif-
ferent forest types

Ay BRI Forest type

Month A B

5 3.73+0.45 2.94+0.46
6 4.40+0.04 3.48+0.32
7 4.80+0.05 4.06+0. 12
8 4.50+0.13 3.93+0.11
9 4.07+0.07 3.13+0.11
10 2.97+0.35 2.26+0.53
HERNK.

2.2 AN[FEBRS: FEETT AR T FRAR SR 53 75 i
2.2, 1 BTV A ARALTE IR AN AR LR T M
(AR Y0 L TR AR 2 B B ) i s B A (B 2).
WE, H 5RO 4R 5 8,7 .00—8 . 00 W I
BORPLE ISR | I8 22 I AE 13.00—15:00,19:00
PG VRO 855, H 74 s Y T b 2 A A1

A5 IR TV Ik R AE 1 R AR SRy PR iy
2%, LA KB AR AZ RAFFERE MRS, B . i K (8
H 4—5 H ) SRR i 235 5 B s 2 2 K6
H)FIR R (7—9 H ). W RS £ TR T80 5 1
KAMEIR N - FARESHETE TR A SER LA 5 INAEBI T K,
BRI R 22 505/, X UL IR IR Y R4
PR 2 R TR o 1) F2 S e P 2R
2.2.2 Rk H I ZE M RIE 3 W LLE I, AR
P bk H X268 25 5 W3 2 TR0 R R
WA TR R | e LR H 2K 19 S KT LAl A
SRR RS ARILAS ZIMERY 2.0.2.2 Fi1 4.3
£ AR RN SHEALTE ERAFE EE,5 .6 .10 H AR ILFA H
PIZR B R, 7 8.9 A NPEARILF AR, X
AR LA o S AT k.

04 p—
~ -—-1
E —
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g
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3
[
& o1
-

08-06 08-07 08-08 08-09 08-10
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2 FEIRARRIFR TR AR H AR
Fig.2 Daily variation of sap flow rate of main tree species.

I AEdUE A L. principis-rupprechtii; 1 . 42 1UAS P. armandii; 1.
F#E B. platyphylla. T[7) The same below.
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Fig.3 Seasonal variation of mean daily transpiration of main

tree species.
IV 204 B. albo-sinensis. AN[R)/ING B3 75 b ] 1) 22 57 1 3 (P<
0.05) Different small letters indicated significant difference among tree

species at 0. 05 level.

2.2.3 )2z PR M 3 AT AR R g A% -
A TG AR A S L5 3. X6 A L A A ROR B
i ) R A T AR, A b PR A N TR [ E R
Ay ZFAA A 5195. 4 em?, A LA K IRARIT
2.1 4%, B (5) v, BRI A AR5 78 1 g
IEAR.

AR 2 Pk )2 H $ 28 1H i 22 ok
3 (FE4) . AR s N TARGEZ B 378 1 2 N

£33 EEFAMHHTNE (x) BAMER(y) HXER

Table 3  Relationships between DBH (x) and sapwood
area (y) of dominant tree species

T Ff ] = 77 R? FE iR
Tree species Regression Sample number
I y=1. 1751605 0.93 9

I y=1.2125x"71% 0.98 21

| y=1.3262x" 60 0.96 18

IV y=1.2687x" 6% 0.89 11

I . Aedbis M4 L. principis-rupprechtii; 1l B P armandii; 1l .
e B. platyphylla; IV LLTHE B. albo-sinensis.

1.6
—
)
'EI.Z'
mmﬂv
s 0.8
ﬁv.-‘:l
mg
;»0.4-
]
a
0 | ||I|
[ R e T = T = N =2 O =T == T e T e T e B e Y e Y = I = T = I =1
FTRONFT QAT QO T Q Qo qQQ o QD
Vi Vi v O WO O >0 00 00 A & & © O O
EE8EESESEccsE8ESS3SS==12
H 3 Date

B4 ARMITHH 2R

Fig.4 Mean daily transpiration of different forest types.

0.25~1.33 mm - d°', SR INAA RERMOE 2 H 125 115
HH0.07 ~0.63 mm - d7'. 5 &M EE H B2
il et Bt L | A B S ] R R 5 72 6 ) R RN
S22 AR eE 2 2R s AN [R) R E 1 [0 9%, 32k A
TR 25 ) 26 s s ] 75 10 H B 2 4R K ZR Rk, ]
DA FE AT 2 b 3K o0 2 PR 0 2 11 PR 11
P 5 24 - K 434 7o L s, SRR A T RO AR 43
B e AL N

2.3 RN[RIMR Y (0 U J2 2% 1 2 R R AR + + 2 2R

=)

HH

ANFEMHEE H Y5 A+ - 582 H I
R 225 W3 (R 4) . ARALTE A N TR 4AIG
FATEE AT AT 5 fef B )22 78 I AT T R A + 38 )23 1)
RS i, 3K ] R A bR B AR A A B K ] LA
IR )ZE K A, (AR AR 28052 K BH 4R 59+
BRI | T 32 R R S S e B K (A5
HEARZEMG MR + 1 82 28 o SR 2= AR
fb—2L.
2.4 A[FEBRST I B ZE L

FEACTE RS N TR A 1 22 B 28 1 518.2 mm,
R IRE K Y 104, 6% 5 fE LS R AR PR A K 22 4
ZEHUR 420.5 mm , Ky [ R K 104 84. 9% , 1 H. 2
Tk oy S ZE AR Ak AR (K 5) . Bl S A B
AR TR A e AR K, SRR R R 6 A A2
ef R RS ), 2R O IR 7 ) BB B K s
SZEHCE T, 2 8 H M BZEER ISR 2R K
{H ;509 .10 H ,SIRIFR TR, SRR 2 8.

RS ELEE A S, 25 ZE 0T T o L A
FER 22 5. ARdb P As N T AR H Y25 800 86. 4
mm, i 56 )2 2580 44. 8 mm )28 19.6 mm,
FeARZENE 25.2 mm) EARZEB R 4.4 mm, FA++
HEOEEWR3T. 1 mm, 3 551.9% 5. 1% Fi

R4 AEAMSEEEBENES+TEERHETTTNH
Table 4 Seasonal variation of mean daily transpiration of
shrub layer and mean daily evapotranspiration of herbage
and soil layer under different forest types

Al A B
Month  Temperature
(¢) a b a b

5 8.76 1.13+£0.12  0.13£0.02  0.73+0.25 0.57+0.09
6 12.45 1.23+0.61 0.17+0.01  0.70+0.38 0.88+0.09
7 14.25 1.70+0.31  0.19+0.01  0.84+0.13 0.91+0.01
8 12.53 1.37+0.54  0.19=+0.01 0.76+0.01  0.82+0.03
9 10.10 1.08+£0.35 0.14£0.01  0.59+0.02 0.45+0.01
10 4.82 0.75+0.01 0.05+0.01  0.46+0.16 0.21+0.03

a) B+ +38)2 H 781 Mean daily evapotranspiration of herbage and
soil layer; b) #AKJZ HYJ7&H4 & Mean daily transpiration of shrub layer.
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Fig. 5
components under different forest types.

a) WA+ + 2R 78R Evapotranspiration of herb and soil layer; b) ¥
KIZZE Transpiration of shrub layer; c) TR ZZE e Transpira-
tion of tree layer; d) Tk 2R B A Canopy interception.

Seasonal variation of total evapotranspiration and its
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i

90 4
r
60

w
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T

ZEH & Evapotranspiration (mm)
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=

o
T
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Fig.6 Comparison of evapotranspiration of different forest types

between simulation and observation values.
[ A%4L{A Simulation value; II ;M#E{E Observation value.

43. 0% ;TR 1P KAR R 25 I 68. 8 mm, Hir,
SEEZERE 29. 1 mm (G E# 15,9 mm, TR K7
13.2 mm) ,{%*;iﬂi% 19.6 mm,$$+ii§)§%ﬁﬁi
21.4 mm, 5095 41.6% 27.9% #130. 5% . %72
X ZE I 1) DTHR S /INE O el 2 2R > R AR + - 4

RIS THEARZENS.
2.5 Penman-Monteith 77 F2XJ bR 73 2% LA U

I FH Penman-Monteith J B2 AU 1 4K 53 H 25 B
IS B A B & R (E6). BAERK
7 AT AN N TR LA AR R ) A 4D (B A
SIEAR 82. 1 F149. 3 mm , AHXFIRZE 5]y 15. 8%
F11.7%.
2.6 ZEHUSREKIYLR

HI1E 7 AT LA 9,2 Fiobk oy 28 805 B K Z [8] ]
DU i e v 7 R AT B AU 5 (P<0.05) , HHZE
PR B B A K 0 185 g . i EL ARG v iR A
AR 2 AR R RER (0. 33) B K T4 LA AR
(0.22) , i AAEAL V& i Fe N TR FE A2 1 R IR AR TH #E
WK

120 ¢ .
$=0.3311x+59.024
£ R=0.68
E’ 90 ° T “o
" . < .
g 60 | _--" ] ’o
M o $=0.2227x+51.617 o8
R=0.44 B
30 O 1 1 1 J
0 50 100 150 200
[ 7K & Precipitation (mm)
B7 ARFEMASZEHER SRR R

Fig. 7
different forest types.

Correlation of precipitation and evapotranspiration of

3 i it

3.1 TSI o 28 O A
AWFFERYL, DI IR B F AR ZE T,
X SRR R AE AT T #R T L 52 2% 1) 1L b BR bR
HAARNA AR HE, BHoal X 40 122 B & 14
SRR AR O AR R BT BURE RN EOR
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RT3 47 R Fil Penman-Monteith 5 2 X%} 2
Mo 2 BB [H] A AR RS R 22 15. 8% F111.7% 3%
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WU 7 B AT LA Ak B 1L A g3 2 b
Gy

3.2 N LARE RARMRAEK Z=0 B zg foE S K

AFTERY 5 RARMAM L, N TAR— R A
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R, N TR K ZE 2810 (518.2 mm) B TR
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