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Time lag effects and rainfall redistribution traits of the canopy of natural

secondary Pinus tabulaeformis on precipitation in the Qinling Mountains, China

CHEN Shujun'*, CHEN Cungen' ", ZOU Bocai’, ZHANG Shuoxin'*, WANG Dexiang' , HOU Lin"*
1 College of Forestry, Northwest A&F University, Yangling 712100, China

2 Qinling National Forest Ecosystem Research Station, Ningshan 711600, China

3 Department of Natural Resource Ecology and Management, Oklahoma State University, Stillwater, OK 74078, USA

Abstract: The interception of precipitation by vegetation and subsequent evaporation during and after rain events is an
important component of the hydrological budget of forest ecosystems, particularly for forests in ecologically and
hydrologically sensitive regions such as Qinling National Forest. This forest was incorporated into the State Natural Forest
Protection Project and is managed solely for soil and water conservation. The Qinling Mountains are a major mountain range
in China and are the major headwater source for one of the three routes of the South-to-North Water Transfer Project. The
evergreen Pinus tabulaeformis is the dominant canopy species at elevations from 1400 to 1700 m. Extensive studies have
been conducted to examine the canopy interception, throughfall and stemflow in P. tabulaeformis forest ecosystems across

China, mostly in juvenile ( <30 years) or middle-aged (31—50 years) plantations. However, information on rainfall
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partitioning in natural forests, especially near-mature stands (51—60 years) , is lacking, which impedes our understanding
of the hydrological ecosystem services in this region. The objective of this study was to understand rainfall partitioning
characteristics and lag effects in the Qinling natural secondary P. tabulaeformis forest. Fifty-five-year-old stands of P.
tabulaeformis in Ningshan, Shaanxi, were chosen and the precipitation, canopy interception, throughfall and stemflow were
measured from 2006 to 2008 ( recorded in 5—10 months of each year). One-hundred times complete measurement data
were analyzed. Total precipitation was 1576. 4 mm. Rainfall was partitioned as follows: 62. 4% throughfall, 4. 4%
stemflow and 33.2% interception by the tree canopy. The redistribution of precipitation by the canopy was more closely
related to the rainfall classes. In a single rainfall event, the higher the rainfall class, the greater the stemflow and
throughfall rate and the lower the interception rate. The relationships between throughfall ( TF) , stemflow (SF), crown
interception () and total rainfall ( P) were described significantly by linear, quadratic and power functions, respectively
(TF = 0.6548P -0.4937, R*= 0.9596; SF=-0.2796 + 0.0452P + 0.0005P*, R*= 0.8179; I = 0.5958P"*"  R’=
0.8064 ). Under similar rainfall conditions, the higher the rainfall intensity, the shorter the time to saturate the canopy.
The timing of throughfall, stemflow and rainfall events after precipitation were not synchronous, and lag periods ranged from
(78.5+8.8) min to (16.0+0.0) min and from (111.0 £ 33.0) min to (41.2 = 0.0) min following precipitation for
throughfall and stemflow, respectively. The time lag shortened gradually as rainfall class increased. After precipitation had
ceased, especially, when the rainfall is greater than 10.0 mm, the termination of throughfall also lagged from (3.2+2.6)
min to (12.0+0.0) min. However, with regard to stemflow prior to termination of rainfall, the smaller the rainfall class,

the earlier termination occurred from ( -58.3+21.5) min to (-9.8+0.0) min.

Key Words: Qinling; Pinus tabulaeformis forest; throughfall ; stemflow; interception loss
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W 4K 850 B 1. 0 7680 RIS AR S 0 L MR HE, 0 Jo PR, W 2 W
[l 20°—30° . BA BN JFAE AR 20 T4 50,60 4RAR 32 A P52 2 R 1 AR U LE AR ARIATJEE 0. 85, F 3%
AR FPAE BT AR ( Quercus aliena var acuteserrata) A& 1FA ( Pinus armandi) \ZLME ( Betula albosinensis) 138 F
( Toxicodendron vernicifluum) .75 VEWK (Acer davidii) 55, H WL E AR W H 5 ( Deyeuxia sylvatica) .7 B ( Carex
leucochlora) JRMEJERAGE ( Thalictrum minus) 45 , BTG THRER . IMAABREE S VL7 E R 5000 m? , K Z 40
PRI AE 51—60 a Z[8], HARMIFEAEILZ 1,

R1 RGBSR
Table 1 Some characteristics of P. tabulaeformis forest in Qinling

e e

N . 2R/ T AR Ras (g (0 B3
Bita  BEm o FEIEam R ) s (A m P = REC) I
Age Mean height DBH Crown Crown of Crown of L T Slope Slope
8¢ 8 thickness LAI DIFN degree aspect
east-west north-south

41—50 17.3£3.5  16.4£2.3  6.212.3  3.8+1.4  3.9zl.1

51—60 23.4+3.0  23.6x1.9  8.5x3.4  3.6x1.9  4.1x1.8  2.07+0.31 0.2120.04  20—30 SW
61—70 26.5+3.5  32.3x1.8  11.7+2.4  3.6x1.8  4.1=1.4

HIBIE TG 2% e 2R bk A 25 FR G R B AR/ AT 5 0 2 A4

2 MIRFE
2.1 ARAMERT(P)E

TEFFIMAAFRE L 500 m AIMRSD , 2235 A 31/ 5235 (UT30 Weather Station, 32 [ ) , 38 13 CR1000 4k R 4 #50
SE I SRR AR Y et R R S A
2.2 FEBEMRW(TF) M

TERRSY PN ERRAR A S R B 7 B 5 AL BERE T 0.5 m BT S L M AN B HAE 20 om, K 4 m (1) U B4
AR BRI T Lo 5 AT AR T g s WSRO BIAR B2 AN W R fRT, A3 A I MOE S A [l B A 1
FAEMET . A B 5 B 50 A (6506 H MUK FIIE ) Fil HOBO S0 48 ARIE , 11 21ic 3¢ Z 3B M
SERLEAR A R

BRI EARE T A AT

TF = Lz TF./FA, (1)
noi-

A, TF WG M T AR Y S5 B BT (mm) ,n AR U RUREESR R B (n=5) , TF BRI IETNEE
PR 2B R fE (mm ) | FA SR @ MRS TR (mm”)
2.3 WTZER(SF) WE

TEFEIR T S AT 5] MO 5 REAR R MO B FE R 12 Bk, BRI ELAR 2 em R OO0 SRS DU 2
Ab B B TR RS T T L, B RORE A T N UE] 4 em 1 ,0. 8 em FEAGHI AT, BERE 2—4 A, 2530
AT TR A N A R SR K AR AR 2R, 55 B R R T (65066, MR FIE ) A1 HOBO 54 5%
FAHE , A SE SRR T 2R I AR AR R

W25 AR E T A1 AR

sk=L S SF/FA, (2)

Ao, SF W58 M SR T ARCE- S T 25 (mm ), n SRR N8 (n=12) , SFRRURBETR S ¢ BRAR A 44
TG (mm®) , FACH S | AR MOE B A (mm?) .
2.4 MOSHEEE (D)
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MR ZE R,
3 £R551%
3.1 ARG XS R %) P

AN A 24T R e (933. 5+196. 8) mm, For 5—10 F BRI & 5 4R R 88% LA |, 3+ (2006—2008
4F,5—10 H ) Hirr 100 A S S8 B BT AT 2 A, B 2 WAL BE RS O 1576. 4 mm 3 5 ARG
J2 5 B T F B, b 2B PR T i 982. 9 mm, BT 2R3 69. 5 mm, T 2R & 524. 0 mm, 439 7 L RE
A 62.4% 4.4% F133.2% . HHEFERT&A/INE 100 378 R i FE R 200 6 ANFETR 0], %K A A 3 a5 i )
B FR S 2 <5 mm 35 31 IR (H (5 SRR & b R AR, AU 5. 6% o FEFTEEZCR 25—50 mm (YRR 0 & A=
14 YR AFL I3 R 20 P 48 W 6 27 375 o O o R 46 P o o A T S 2 s R T S P L R, Al R
29.9% ,30.7% #127.8% .
3.1.1 BRI SMAIMNERCR

ok TR 2 RO MRS 2 375 W86 R o 2 7 A R s ), A I R AN ), R T 199 38 o R A B 22 e AR AN (R A4k, 3
AR B A R W 3 3k e B R TN B B KRS R . MR S <5 mm B 1) 46. 6% , B TFEIFERT 2% =100 mm
BF A9 68.9% , L T3 1.5 f5 (3 2) o MRYESEIEE 43t 2 B, 28 35 5 I FIUMRAM Y OC R 22 LINEAR #R
BOCHR(E ) B TTREN

TF = 0. 6548P — 0. 4937 (n=100, R*=0.9596) (4)

R, TF N ZEBEFEHRE( mm ), P AR (mm )

K2 FIRHBRRRERTEPERERFERES B

Table 2 Redistribution of different class of precipitation in P. tabulaeformis forest

IR 4 -— MO R B TF W23 SF w1

Rainfall class T/i:nes Rainfall Throughfall Stemflow Interception
/mm /mm /mm /% /mm /% /mm /%
<5 31 88.8 41.4 46.6 0.0 0.0 47.4 53.4
5—10 25 182.5 105.8 57.9 1.5 0.8 75.2 41.2
10—25 23 355.4 226.2 63.6 7.7 2.2 121.5 34.2
25—50 14 471.1 301.3 64.0 24.4 5.2 145.5 30.9
50—100 6 374 236.3 63.2 26.3 7.0 111.4 29.8
=100 1 104.6 72.1 68.9 9.6 9.2 23.0 22.0
A1t Total 100 1576.4 982.9 62.4 69.5 4.4 524.0 33.2

3.1.2 WTZRMSMINER R
BT 2L I R B (2% 2) , ZERE RN N 5—10 B, JFUA I BRI, M5 25 00 25 Bl 4 4 T 2k 4 T 38
ALMEIE R 0. 8% —9.2% . 1E 100 YR FEFIF A b AR T 2R B FAF R 45 IR T 250005 IR B R 1Y 6 R
i WG, EAT 53 B A EL 3, 0 T 25 0 5 R IR I 12 11 ¢ R 22 QUADRATIC PRELC R (K 2) , AT
A
SF =0.2796 + 0.0452P + 0. 0005 P> (n=45, R*=0.8179) (5)
o, SF RN 27K i (mm) , P ARSNERT HE (mm)
3.1.3 MO SMIMNERIOCR
KARE 25, T K S MO Z 8 . MO SR %R 33.2% , ZEARFRRER T, Mo
R AR R 53. 4% —22. 0% , ML BA 25 I 5 TR S 5 %) 185 R T /)N, ok 07 1 s -t o o o 20 P 3 K
MWL (3R 2) . PR 5 U R 1Y ¢ Rl i i U5 1 Lh s, POWER  pR B HUUM et K BA £ FUMR M
M Z B O RO A (B 3) AN,
1 =0.5958P"%'7 (n=100, R*=0.8064) (6)
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AP T MTE R B (mm) |, P OAARSNEEFT i (mm)
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80 ¢
o 0L SF =~ 0.2796 + 0.0452P+0.0005P>
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TF = 0.6548P - 0.4937

E ol R=0.9596 g g
g E
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Fig.1 The relationship between throughfall and rainfall Fig.2  The relationship between stemflow and rainfall
3.2 MROEE )2 XTI WO A B SE AN, 35 ¢

MR LR BT T |

I=0.5958p08175s B
R*=0.8064

PR ] 5 B3 R 7 A B B[R] AN [R] 28 anak 3 o, B RN
B CH<S mm B} 55075 [ R PE PR S5 & A (78, 5+
8.8) min J5 A HE WL I 2, B RN & 2L =100 mm, {77
(16.0+0.0) min, FZE M2 5 £5, (HERIH — 2 W
FEFEPE T LR 2 R R R K, Vi st T B 3 3
AR H BRI R 27 R T 2 1k o ) SR B
—ERITERE, BRI <10.0 mm I, 2B FE R 1155 s
FRERTLZE 1k A B 6 5 BT # > 10. 0 mm Bt 28347 4 30 48 o

0 20 40 60 80 100 120

25

et 55 Interception loss/mm

T ) R I T AR R I, X AR RO 23 B, B HKIMFER] Rainfall/mm
(3.2+2.6) min(FEWEH 10—25 mm) F(12.0+0.0) B3 IR E S AR
min( F%Fﬁ%g&?l()o mm) o Fig. 3 The relationship between canopy interception loss
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33.0) min, JH/NBIFERTEZE =100 mm B (41.2£0.0) min, ZEFE (LI EZRBLY S5 T RAFERTL R[],
— HFEMAE /N KA RERIE , 2Rt SRR W 3 iR, MBI RSN =100 mm B, 254 ERF ]G
TRAFERLIERF] (9. 8+0.0) min, &R N 5—10 mm B, 7 (58.3+21.5) min, RN, 224
1k B A R
4 Z£iv5itie

IRTEEXT B AR B A T e — B AR 0 A, 2 e, b ol MRTRE 2848 il AT R B A ) DA R R R
ARG ZE AR 5 ISR TR DT TR B | R TR A0~ 08 0 R RRT i A I B A8 i 2 B i 2>l
Xif Sy Ml e A SR K X A K 3R 7= A EE B AR
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K3 HBHETEERERMNF G T FE MR T 5 H L 1L 805 5 iE

Table 3 Time lag of appearing and termination time of the Throughfall and Stemflow at different rainfall class in P. tabulaeformis forest

W e T R TR HE LA ) Wi¢ T 5 2 5 A T T 250 H A i i Reg o S A T 250
Rainfall Time lag of 2 E R ] 22 Time lag of LRI ) 22
class/mm throughfall/min Difference/min stemflow/min Difference/min
<5 78.5+8.8 -12.943.4 0.0+0.0 0.0+0.0
5—10 57.249.6 -5.73.3 111.0£33.0 -58.321.5
10—25 53.4x4.4 3.242.6 100.2+13. 1 -43.3+16.8
25—50 43.8+4.3 6.9+1.9 74.3x13.9 -21.6+13.2
50—100 32.546. 1 10.3£1.7 66.5+5.3 -25.7+18.2
=100 16.020.0 12.020.0 41.220.0 -9.8+0.0

WFFE ] 100 YA R S8 5L R I 1 | ST f A 1576. 4 mm, 38 0 AR )2 5 W T 0k 38 07 40 I, Herh 2835
R TN I 982.9 mm, (f SREFR ALY 62. 4%  AN[FIFEFI I, 28 B R T R 0 AR BN 46. 6% —68. 9% , FEA
Ay 688 T 375 1o 23R T K T e 19 14 RT3 R R AN [RIBIF 9 DX S P PR 2 38 R T 3 R 54 62% —82. 18% (3%
4) AR FE 2 B A T R 5 A PN 52 vy 2 3 i XA A TR N TR SEAR A 24 (62.8% ) 7, 5 LAFERF 78 245 1L 1L
B XIS, B T 5 b 25T AR [R]— R 5T X I, 1987—1988 4E (I 5E 45 5 (79. 77% ) , 7 W % % [ 1 %
Bifi 5 ARSI | it 23 R UR SeE RIS ORI 3G 2 2R R M i A8 /N 2533 [ T S RS M Y B 2 P
MIRPESCR , SHRRTAEAE b s am ) po i oe 45 SR —2,

T4 BRENAEMRMHNHTHER FERTENHNTZRENUNE

Table 4 Review of measured values of the interception loss, throughfall and stemflow for P. fabulaeformis from different study sites in China

WL Y I . e R
Location Annual Stand age Height Mfﬁo/ % SF% 1% Study time Sources
precipitation
ZE6 By 933.5+196.8 55 23.6+1.9 62.4 4.4 33.2 2006—2008 AHIESE
ZEUE BV 900—1200 31 10 79.77 0.04 20.19 1987—1988 (5]
KW, L7 757.8 34 11.94 82.0 2.1 15.9 1992—1993 (6]
IR, ST 360 18 4 62. 8 4.9 32.3 1989—1993 (7]
HI, B 574.4 34 11 71.6 3.3 25.1 1995—2000 [10]
pRzuyl| 945.3 23 6.43 54.62 8.41 36.97 2002—2003 [11]
RS, 127 450—580 28 4.7 73.55 3.37 23.08 2002—2004 [12]
s | 669 33 7.1 67.65 0.68 31.67 2004—2006 [13]
o B X, Je st 669 — 7.1 64.4 0.55 25.4 — [14]
MRS, ST 400 30 4.59 65. 83 1.13 33.04 2006—2006 [15]
Sy & it 641. 2 50 5—6 82. 18 1. 07 16.75 2005—2008 [16]

AT 20 A A B TR DR AR A A 2 AN R A T S AN e B 45 R T 2K R R R S, 25 TR
N 69.5 mm, (5 EFERE 4. 4% AT EEGLLC SR BTS2 bR e A SRR T T BRRE X b T AR
JIF o L EE AT, bR P 25 375 A T A L BT AR/ IN 2 (EL 20 rh K A M 35 00 8 VR B v, L B A B AR T S
BRI 20, AR A Ay o) e E A 3000 XA ) A R A S 35 A0 A R 8 AR B
PR R R 25 WA (9 F2 R D1, A R R 2, 2R R iR AR IR EE O 0. 8% —9. 2%, Bifi 5 4 W 1 G (1 1 K
IR A A R RIS Y RS AL AR DR RN BEK i =5, 9 mm , BT 2RI
TG 0 AR, SV ECHE A R AR 5—10 mm B, T80 2R SR O . AP RR AR, 2R R 22 AR R (H
REBBFTEINA MR BT 250 58 5D, R R B 9 LU A — B <5 % AR BT 109% P ARBF9E =25 i
BN 4. 4% AT IR Z N 25T B 52 W TR VA R 56 J3E I T 1 s D S A ik g S M b ] B i 52
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T RGN AR v ARLRE B R B RN TS R R SR Y S e X AR ST R B AR 5T 4 SR A AT, K R
T 2L R A AR AN I S, SRS B A A A DG AN

ARG MO S R R 33.2% , ANFIFEM I, MOEER B R 2R 10 IR BE R 53. 4% —22. 0% , PRItk B ot
Wi 255 WA T B I 0, PR S e PR BSOG 2R , S5URYT T AR vl STV G g A 0 48 X6 A 7 ) 4 P P L
AL, IR B B 2R3 B AE 20% —48% Z A MR AE B4R T, AT AR e A B S — g I Ak
w4 AT TR A [ BIF T OX S A R J2 B B R ATE 15, 9% —36. 97 % Z 1R, AN 5T B B R B AR AE
20% —48 % FA Bl P, (H 55 38 B H e XSl MO 5 4598 A0 L, AR SR AR G A s, I S 1 ) — A 51Xl
RLAE O HRAE Y 31 I IMAR R B (20 19% ) . EBJR A T ARSI , ABFFE M4 R KR R A MR, MRl 51—60 i, E.
IR I BRI B R v ek R e 2 PR R P B B R S R MOR AR B, Mo ARG, 5 AR b b e & 2
ST R S5 43 1 55— 2 SRy ARG T R R 52 ), 5 SO B SRR X A o OO ARARORT I T 8 P A A T
il 25 PR ot i, MRREA B BB T S R Wi, (EURAEE BT A8 P ) o Y e 20K 1 T RE T 28 O, SRS i/ D AR
PR L 2R 114 SC I R K A0 A A R 78, 2 R K BRI A e g K

R TR 2o MGt 1) %3, HHE AMRIN , e 9% A IR A~ e AR rpr DA o B ARGt e | ARt gt 2 XoF 88 R 7 A -4
BCAVE R, [RIR 30 2325 o R AR T 25 00 5 8 W S F 2B A R s ) B A — S0k, Sl 3 4R R A0 S
R P68 T e A S B R R 8 ) A A R 2 /NS P R R B8 S s T 2B e 68 T A T
BN MG FIASE 2 1T B T4 TR DA L) 2 B MOoeE ab A v A SR A v AR 25 5 e W B BEL A A AR
R 7 TR LB AR EE [ B 2 3, Wi 30 A o TR R S B MR R B R sl AR o PR SRR I 5 b0 PN A T ) 7™ A B (1]
S H BB B0 25 S DR 7 A o o R i AR A A 8 R AR AR B e A b A L XA N TR STt A7 A
AEBIRAE B R R0/ )N RPN T BT ) 3R Bt 5 9% 9 3 A, R e DA T 4 380 0 10 1% e A r 8 ek i) 2
S, PR RRT S B DA N AR, B R <5 mm B, ZF 7 R W9 76 R R S04 & 2B (78, 5+8.8) min J A B LI
2 ; BEFN 2% =100 mm B, {LF (16.0+0.0) min, FFEHHZEIT 5 £%, FEFNE>10.0 mm B, 255 R R 28 1k i A]
I AT AT R R (3. 242.6) min( PRI R 10—25 mm) 3] (12.0£0.00) min( f§
WEH =100 mm) , T AR R AFAE LERT AN, AT 38 3R S8 MR AN A T 2] 8 Ak P ) B ], B3R b e 4%
TR A DTS E sk 06 | s/ 7K A AT IR 3 S e R 7 A — s R AR Y

BT 223 S 50N B W i LT R AR T T R A 2 A%, FEREm T HA YRR IAS —E
A, BRI AN, B4 R A B B K ik B RS K A VR & BT 1) R A&, 7= A 250, S At ]
Wit 5 o2 W e 2% P30 R S 5 4 e, S ] B S 20, E i ) JR) ) A8 AR O (111, 0+33.0) —(41.2£0. 0) min,
Owens 257 BIF5E 6B | W T 3 P A KIS, [T 1 b Ji B ZE00 , SAR BRI 25 AL, AT A R B R 2 11 I, 25
M HER AN SARBREE A — 225, AWFIE LI 45 58 | 25 328 1k s [a] R 80 R S F R AR ¢
1EBFIE], AR RN E 2% =100 mm B, ZE 28 1k B ) 5 T R ARE M2 1R B[] (9. 8+0. 0) min, FEFT S 2 5—10 mm
BF, 2 (58.3+21.5) min, B 5 ()2 0 HH 8 R S 0 /) | ZE U ZC 1 B () A L Ak A, T R D DR AT T A AR B2
R PR 2.5 om, ZFLECEIFR, WK RE S EE , WARTE SR T F 20 I A3 30K G5 B, #E it
FEPAAFAE L P 2 BT BB, Rl B E 2577 A — e i 28 & 0 UK A B — @ R, /K A Tl
TR B — AR/ KA BEARUE , 25 A AH R 28 0k
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