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Rainfall redistribution of different vegetations in Taihang Mountain, China’
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(1. Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences / Key Labor-
atory of Agricultural Water Resources, Chinese Academy of Sciences, Shijiazhuang 050022, China; 2. University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract: With the implementation of ecological restoration projects, vegetation cover in the Taihang Mountains has increased, but
the current situation of water shortages has still not been effectively improved. The impact of increased vegetation on hydrological
processes is unknown. As the first action layer of rainfall reaches the terrestrial ecosystem, the vegetation canopy divides rainfall into
throughfall, stemflow, and canopy interception. This changes the spatial distribution of the rainfall. Therefore, studying rainfall redis-
tribution processes is important for exploring the relationship between vegetation and water. This study selected eight typical forests,
natural Vitex negundo, and artificial froests of Robinia pseudoacacia, Pinus bungeana, Pistacia chinensis, Eucommia ulmoides,

* AL B AR S G QDB IF SRR T H (D2021503001) A} H HE Rl B IR A5 & I (2022FY 100104), T IE 4 4 Ak 7 £ T30 3 H
(20536001D) Ff-{b 4 5 &3 10551 H (20324201D) ¥ 1)

o SEEMEE WA, FENF LA SRS RS MoK BEE IR HLRISE . E-mail: caojs@sjziam.ac.cn
IR, FEWFF T A AKX, E-mail: stm15254173360@163.com
Wik FLDT: 2022-12-20 #5232 F 1] 2023-04-21

*  This study was supported by the Natural Science Foundation of Hebei Province (D2021503001), the Special Investigation Project for Scientific and
Technological Basic Resources of China (2022FY100104), the Innovation Capability Enhancement Plan Project of Hebei Province (20536001D), and
the Key Research and Development Plan Projects of Hebei Province (20324201D).

** Corresponding author, E-mail: caojs@sjziam.ac.cn
Received Dec. 20, 2022; accepted Apr. 21, 2023

http://www.ecoagri.ac.cn


https://doi.org/10.12357/cjea.20220980
mailto:caojs@sjziam.ac.cn
mailto:stm15254173360@163.com
mailto:caojs@sjziam.ac.cn
http://www.ecoagri.ac.cn

1472 TP E A RO R (P ) 2023 31 %

Cerasus pseudocerasus, Fraxinus chinensis, and Garcinia multiflora. Field monitoring and indoor experiments were conducted to ex-
plore the rainfall redistribution characteristics of different forest stands of the Taihang Mountains. The results of the study were as fol-
lows: 1) During the study year (2022), the rainfall amount was 480.0 mm, rainfall in the rainy season was 283.25 mm, the number of
rainfall events in the rainy season was 20, the average amount per rainfall was 14.16 mm, and the variation range of rainfall intensity
was 0.05—0.72 mm-h™', mainly consisting of rainfall events less than 5 mm-h™'. The hypo-rainfall in the rainy season of 2022 fluctu-
ated greatly, and the uneven distribution of rainfall time was mainly concentrated in July and August. 2) The proportion of total
throughfall to total rainfall was greater than 60%. The lowest threshold of rainfall amount among eight vegetations for producing
throughfall was 0.77 mm; E. ulmoides forest has the largest proportion of total stemflow in total rainfall, with a value of 13.94%, fol-
lowed by G. multiflora forest (6.78%), and the proportion of total stemflow in the remaining species was less than 5%. The lowest
threshold of rainfall amount for eight vegetations for producing stemflow was 3.35 mm; the proportion of total canopy interception of
total rainfall was the largest in F. chinensis forest, accounting for 32.97%, and the smallest in P. bungeana forest, accounting for
7.53%. The overall performance was as follows: throughfall>canopy interception>stem flow. 3) Throughfall, stemflow, and canopy
interception increased significantly with rainfall. Throughfall rate, stemflow rate, and funneling ratio increased rapidly and then
leveled off with increasing rainfall amount. The canopy interception rate decreased rapidly and then leveled off with increasing rain-
fall. Rainfall redistribution characteristics were greatly affected by rainfall amount and leaf water absorption capacity. It was found
that the canopy interception rate of P. bungeana, R. pseudoacacia, E. ulmoides, and G. multiflora forests was significantly smaller
than that of natural V. negundo, which was important for reducing rainfall canopy interception evaporation and increasing effective
rainfall. These four forests could therefore be considered for planting in water-shortage areas. Thus, reasonable selection of stand type
and adjustment of stand proportions can reduce canopy interception and improve the efficiency of precipitation utilization. The res-
ults of this study provide a theoretical basis and data support for the selection of tree species in reforestation projects in the Taihang
Mountains.

Keywords: Taihang Mountain; Rainfall redistribution; Throughfall; Stem flow; Canopy interception; Leaf water absorption capacity
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Table 1 Characteristics of different types of vegetation in the study area
. Sy SR S i 4% S S )
Wit &EZ SR -4l PR s I
Vegetation Density Average tree  Average breast  Average crown Age(a)  Crown density
(plants-hm ) height (m) diameter (cm) width (m)
ZEyN IUESHLN
Natural forest Vitex negundo brush 3143 2.3 o 23 / 0.3
NTAR FIRRAR Robinia pseudoacacia forest 2205 5.1 9.4 3.8 9 0.4
Plantation .
H EZFAPR Pinus bungeana forest 2771 1.8 3.0 3.7 7 0.4
A Pistacia chinensis forest 884 8.5 20.1 9.1 28 0.5
bk Eucommia ulmoides forest 1697 13.5 15.1 4.5 30 0.6
MK Fraxinus chinensis forest 1488 25 5.5 5.5 7 0.7
BEBEAK Cerasus pseudocerasus forest 529 6.3 22.0 8.5 25 0.7
Tr#k Garcinia multiflora forest 45530 10.0 2.0 1.0 28 0.4

HER— AT JE1E, HSRMAR ML . Shrubs generally do not consider diameter at breast height, and the age of natural forests is unknow.
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Table 2  Statistics of regional rainfall characteristics

Rk F A2 FA R IR B R it 7 BB RR I 43 He
Rainfall grade (J, mm) Number of rains Cumulative rainfall (mm) Percentage of total rainfall (%)
0<J<10 13 48.69 17.19
10<J<25 4 56.24 19.86
25<J<50 1 45.02 15.89
50<<J<100 2 133.30 47.06
80 1 = %M Rainfall [ M58 )% Rainfall intensity 19 i:
70 t — 18 é
E 60t ] 17 =
£ l6 2
= 50 r 5
£ 15 &
E 40 =
& 14 &
i 0 {33
= | ~
" xl‘ﬁ\/ n
10} H [ &
o Il e BN 8L o . mt Homl, E
SN SRS N I I I N LS VoA
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F 1 (H-H) Date (month-day)
1 WARBTEL AZOR PE4FIE

Fig. 1

Characteristics of successive rainfall in the study period
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Table 3  Statistical analysis of rainfall redistribution in different types of vegetation

ZE% 1 Throughfall

W12 Stemflow

)2 B4 Interception

FIRW T
R
Average amount of
stemflow once

TFHRGEERRE MR SR
Average amount of  Total Total
throughfall once ~ amount throughfall
(mm) (mm)  rate (%)

B

Vegetation

(mm)

BT
Total
stemflow
rate (%)

o
Average amount of
interception once
(mm)

PSS

e %

Total
interception
rate (%)

24 L
FES Ty

Total

B
Total amount during
observation period
(mm)

oul
(mm)

PALVRIN
Robinia
pseudoacacia
forest
FZHEN
Vitex negundo
brush
R AAR

Pinus

12.16+18.03 243.17 85.85 0.67+0.89

11.47+19.71 208.53 73.62 0.43+0.63

12.95+20.00 259.03 91.45 0.15+0.17

bungeana
forest

BOEAMK
Pistacia
10.00+16.03 199.95

70.59 0.19+0.26

chinensis
forest
LARUIAN

Eucommia

9.50+14.36 190.09 67.11 1.9743.15

ulmoides
forest

SLZES

Fraxinus

9.19+14.01 183.77 64.88 0.30+0.36

chinensis
forest
HEREAR

Cerasus

9.37+14.18 187.40 66.16 0.35+0.51

pseudocerasus
forest
Pk

Garcinia

10.63+15.75 212.66 75.08 0.96+1.26

multiflora
forest

13.31 4.70 1.34+1.29 26.77 9.45

3.06 3.30+2.62 66.05 23.32

1.02 1.07+0.84 21.33

3.98+4.11 79.56 28.09

39.49 13.94 2.68+2.61 53.68 18.95

2.15 4.67+5.70 93.39 32.97

2.45 4.4445.45 88.91 31.39

6.78 2.57+3.34 51.38 18.14
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Table 4 Statistics and analysis of leaf water absorption capacity and canopy interception of different types of vegetation

Uik LR TONZ Sy

Maximum water absorption of leaves (g)

Vegetation

FIRRAR Robinia pseudoacacia forest
HIZHEM Vitex negundo brush
S WA Pinus bungeana forest
HEAM Pistacia chinensis forest
FAPAK Eucommia ulmoides forest
PR Fraxinus chinensis forest
BBEAK Cerasus pseudocerasus forest

YI#K Garcinia multiflora forest

e = AR B
Canopy interception rate (%)
0.03 9.45
0.07 23.32
0.02 7.53
0.06 28.09
0.04 18.95
0.08 32,97
0.06 31.39
0.05 18.14

Zr BRI, F OS2 B R R, H B AOE
JEARE AR AR, 77 A 1 B G A JEUER AT BE S 1 AR
TR LM R I K BB T 58, T BZ R AR I R TR
He /N HL K BE 0 dre 581, DR ] 2 480 A e R e 20 A
AR A2 U A e, I A PR B i PR A o
WA o, B8 KR, A TR
UL AR I ALz i

33 FARIMSBEMBIRSEMENXR
331 FEWMSBEWEMXAR

SR B 5 e T e X 2 375 W i S ), AR S [ R
WHEEWEHTEA, ME T RBWNE S s, 4
B8 B N 7 1) 28 35 W A 5 RN R e S A e —
LR RGBT 2 BE n mT B o, HL R B R
T 0.95, ULEHZE B W it EE R R R PoE . RERFROR

x5 TEMKSENESFENERFENEUEGXR
Table 5 Fitting relationships between rainfall and throughfall and throughfall rate of different types of vegetation

FH B ZFi%5 F i Throughfall ZEi5 R Throughfall rate
Vegetation 114 T2 Fitting equation R 114 5 F2 Fitting equation R

JIBLBK Robinia pseudoacacia forest ¥=0.9007x—0.5972 0.9993 3=0.1317Inx+0.4711 0.8715
HI LI Vitex negundo brush ¥=1.0825x-2.6756 0.9849 3=0.1618Inx-+0.1994 0.7482

FI BZAAK Pinus bungeana forest y=1.1097x—0.5698 0.9985 »=0.18431nx+0.3336 0.7555
WA Pistacia chinensis forest ¥=0.8841x—0.7077 0.9926 3=0.1377Inx+0.2589 0.9270
FEAMR Eucommia ulmoides forest y=0.7974x—0.2288 0.9991 =0.12981nx+0.2734 0.7857
&Mk Fraxinus chinensis forest y=0.7748x—0.1833 0.9974 y=0.11351nx+0.2999 0.8917
FEREAK Cerasus pseudocerasus forest =0.7834x—0.0930 0.9962 ¥=0.1054Inx+0.339 0.8915
VI Garcinia multiflora forest 1=0.7857x—0.4945 0.9961 =0.09091nx+0.4999 0.6731
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INFAB KA 1L XA [R) A 4 FRT P20 TR 4 AE 1477

25 175 W ik o A6 348 i A9 A Ak R R S T AT
FERAMR L TR SRHE PN | AR PR 1 AR TR AR, T B
A, FEAR R Z, PEBRAR A MRORT 0 AR 2R
T ek B A e A AL R AR o 2) RO T e ot —
E B (E 2 Mk & 7 AR 2 TN, DN 4 T R W, A MM
TR 0.28 mm B BVAT fi & SRR AR . A7 AR R A B A
PR 2R T, ZTEAKANEE T A 0.77 mm B AT fish % A Ak
Oy TR TR TN, 8 I3 1 2 B A A /I o T A B T
filt & FE AR SEE o 3) AR AR GRS W i g, B AR
A1 B T 30 A B DR AR, AR L AR
b bR 2 375 T 2t B AR S R T o AR Ak AR AR ], 7=k
1425 35 T AR, 3R A

SR B 5 W TR 2 X 25 38 T SRR A0 5 I, O A e W
S EEWRITIUE (8 5). MR ER: i
W5 MO TR R, H R KT
0.6, Bl % [ I 5 A B8 0, 28 35 I R TH &, 2SR A
/N (0~5 mm) B, 55 375 T 23 it 46 N7 0 398 Jon ot 384 4m 4) d
JE B K, 25 5 TR 23R i o T 7 A AURK, T il 2 PR
WA (5~20 mm) B, 55 3 W S50 1 o R /1, 24
R LA (520 mm) BiF, 25 375 R 25 it A6 TR 389 00 A
ARG TRUE

*6 TRMSERESHTE

332 WTFRERSEMEMNXRE

Sk BIF 5 I T X R T A O e ) R I, R AR AR
W ST RREHEITUE, W TR RS AW
HE-REHEHRECCR, R YRT 07 G 6), MG
T2 y=ax+b BIRLEE (a) FRon BT 12 U 12t BE AR A1 5 T
ST 0 A e EE . T R B S BT LAHERT, 8 4540
BB BA BOR 22 5, ARG T 42 Ui Bl P
T 0 ) 7 Ak R AN [R], A OB A 406 2 3R ]
R T A AR, 38 W R A MO T A A B R T A
MR AT, W45 S 3R, IREAK . 9 5%
Mo REARRR . AT ARTE ARSI R i 0.77 mm B R AT fil
K7 AR T ARG, 1 A ARG DU AE ARSI 5 R 2 R
(>3.35 mm) B A A figh 7 AR AT AR

Sk BIF 5 A T S X AR T A I 3R 1 R I, R AR AR
WS TRERETEE, W TRARSFEN
R X RR RO R (55 6), 16 [ N <5 mm A B 25 AR
AR TR St 1) 388 o, AR T AR A SR R PR, FE MRS
W6 T 5 A 5~15 mm B, i o T o 3 AR T 42 T 48 4
3 18, B R HE>15 mm 5, BT AR TR AR L
TRE.

REEMFEREUEXER

Table 6 Fitting relationship between rainfall and stemflow and stemflow rate of different types of vegetation

Kk 423t Stemflow WT4H % Stemflow rate

Vegetation 114 52 Fitting equation R 114 5 FE Fitting equation R
FUBEAK Robinia pseudoacacia forest =0.0427x+0.0619 0.9294 =0.00931nx+0.0232 0.4162
I 24N Vitex negundo brush ¥=0.0314x-0.0119 0.9853 ¥=0.00501nx+0.0175 0.4621
I B FAMBK Pinus bungeana forest =0.0079x+0.0326 0.8981 =0.00091nx+0.0094 0.0503
A Pistacia chinensis forest y=0.0118x+0.0199 0.8386 =0.0040Inx+0.0050 0.2550
FEATBR Eucommia ulmoides forest =0.1568x—0.2464 0.9933 ¥=0.02731nx+0.0500 0.5046
FISEHMK Fraxinus chinensis forest »=0.0161x+0.0762 0.7807 »=0.00341nx+0.0169 0.1406
FEREAR Cerasus pseudocerasus forest »=0.0235x+0.0151 0.8470 »=0.00481nx+0.0135 0.3241
Vit Garcinia multiflora forest »=0.0533x+0.2056 0.7214 »=0.00991nx+0.0544 0.0465

333 EEBBSMEMENXR
HERMAER R G, i 2 # B 52 PO % R R A
SR AR, ek J2 A B o 55 R A [ R ) O R R R
B A RO b (36 7), AERE W & /N 20 mm B, 56
J2 A B i AR T R A R, L 2 O R 1Y
B, 5 J2 A R RN EOR R AS [l A R R
TN AN [FIAR Bk 2 700 5 46K B I o T 1 ) 28 £ s
JE, ASTRIMR A3 1) 5 J2 0 B o o A W 2 1) 34 m 25 L 3%
VTR R, JRARTE AN\ RR . PR AR . AR

J2 AR R R 0 A Ak B S, P ARG 2 A R
W 55 T 18 R T /D o e e o A B R S R
W Z AT 205 (R 7), K 8 Ak il 2
B R 5 R i Y S X B R O R I 2 R AR,
2 4 R /N (<20 mm), i 2 R R B R T R Y
B 5 0N, AR T AR T ARAR A
BN, RS i, IR SR N BERRAR . B R
105 AR h R P A K B R R AR (>20 mm), T2
T B R B A Y N SR NI R T TR .
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Table 7 The fitting relationship between rainfall and interception and interception rate of different types of vegetation

et )= #R B3 i Interception

Hi# Vegetation

it )2 B3 3R Interception rate

14 J5 2 Fitting equation R {l-& 2 Fitting equation R
FIBEAK Robinia pseudoacacia forest »=0.3957x"% 0.8243 y=—0.141Inx+0.5057 0.8599
JF| 4 HE N Vitex negundo brush »=0.8261x"* 0.1833 y=—0.167Inx+0.7831 0.7640
I KA Pinus bungeana forest »=0.5209x"** 0.2204 y=—0.185Inx+0.6570 0.7497
HEAM Pistacia chinensis forest =0.6928x""*” 0.9791 y=—0.140Inx+0.7346 0.9159
FAPMK Eucommia ulmoides forest =0.5618x""* 0.8500 y=—0.157Inx+0.6766 0.7646
P MK Fraxinus chinensis forest =0.6409x""*" 0.9907 y=—0.117Inx+0.6832 0.8905
HEBEAK Cerasus pseudocerasus forest »=0.6076x""" 0.9919 y=—0.110Inx+0.6475 0.8906
Yr#k Garcinia multiflora forest y=0.3447x""" 0.8752 y=—0.1011nx+0.4457 0.6575

4 Thigfngsie

A58 A FRAR A S 5 A1 BT 58 AN [ e °
T Fe L R IE e A LR i PR R, AR AR AT Ll AR A
e AR o i o B2 AL A0 S 4, 3 T O A U KA T
Ly DX 7K e 18 e ] R AR B A S R B2 A A,
Xof S B X T Rk K S BT R

W5 22 W06 DX R 4 P4 43 A AN 1, 2022 4F
i HE Sk 480.00 mm, RN 2 (WF 5% ) K RN iR
283.25 mm, 5 4FFE TR Y 59.01%, 4F [ FT A 2 %
PRSI LLINN A o 7—9 AR A 14.16 mm;
R FETN /N T 10 mm YRR RS B £, (0 B I%
T A o A A T A LA A /0N, XoF AR R 5 M A8 /0N T
PAYR TR T 50 mm [ RN R D, (H BT TR
R o o LB R, R R R R AR,
A b I W O B e /A I R A G, A T i ) 4 A
Ay, FEEPETH . 8 Ao 2022 - FMEW RS
2 BRI A 2ZRN, JB TV KA (—0.35<DI<
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PERRBIE F, 2 175 T 6 359 i o3 6 252 X 50 o 50 o
Rt TR P40 R, BT AR i S /D, TR
Ref T ek AT 22 R P s B, R T AR R S T
EXTECRBOE R . 8 bR IR 2 R i RN
AR 7.53%~32.97%, AR BRA> [E]A7 70 4 K 22 52,
568 2 A B k5 AR R e S PR ARG R i B R
Wef T 2 S T PR ROG AR o O ) 398 o s U
I g AR E, FLE R S A R KoK
HHAREMKER, G LR, FEWNE, W1+
T8 T 6 g e J22 PR A o W 1 o 4 2R 3 e PR

AL JE B E, 77 A SIS 0 R K AT fE R e )2
AR ST AW K A RE T A AR — 1 I, B3k A
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ATFGEH, 8 FlbR A3 35 77 A 28 385 T 114 fi /)N R 4t
077 mm, P45 R 5 L E AR S PR ST A5 e R
(Cunninghamia lanceolata) PRI i 25 155 7 1) e /)N R 22
0.9 mm, T SFEEY ST 4TS BEAL L i AR
5 355 N 19 35 /N R Bl 0.78 mm . DA B 7 o R )
WHFE 451 4L (Castanopsis hystrix) N T M= H: 28 i
I A8 d5e /NRE RN 44 0.6 mm S5 AR — 3, ARAF5E 8
FRORR ST 7 A A8 AR i 0 SR /NP R 2 3.35 mm, IE 4%
W52 p &R AR 1L 2R 22 ILRRAR (Quercus acutissima)
N TR B 7= A T R/ N R 2 3.7 mm, A
WHCY TR 55 B T X BATHAK (Phyllostachys edulis) 15
B AR R T AR A /N B T R 1.3 mm (9 45 18 A
—H, B, ASBEFEIA R ARSI [ R AN B ) A
SEA RN, T 7 AR A8 AR U 1) e /N R AN T K T
A 375 TR I SR/ MRS T

ARG BT B BCAFE R A B R 2E 5. HK
P PR 2 375 T 2 P 28 35 °R 230 D 0 i T A AR A3, 72 A
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