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VR B4 3388 43 K BH R 5, B R 06 6 A 280
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BOX} PAR 28 [B) 5047 (2SR SRR AEHEA T 40T
Sy it — 20 3 A PAR 18 Ak % 22 08 pig JU Bty b A 25 R
GerE = SRR S

2 s 5k

2.1 SRR

ZeWe FE L b IX 32 AL AR ZR e AU 3 S Db Y
R It 2R A R B A L DL (R L By (R 04 AR
B EL L AR LA b BT P G R RIS, 2011)
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Fig. 1 Location of the study area and meteorological stations
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PAR BT T7 V5 53 Ry 2 T 18 S S i RN T b
TR0 50 4 S 00 R R 2 (MR &%, 20025 Van et al,
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ORE, THA AT A G S E H R BH SR S (PR
FE45, 2002; Van et al, 2005):
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s Q N KB EERS 5 O R ITHR St 5 n S WL H
WEETEG N o] g H RS o, b RIS R4 TR
FRACLH LU (FAO)HEFEE N a=0.18,b=0.55 ,(HiX —Z
HAHI A — R 16 T T A SO 5T X 8k, PR e e A A
e a, b R AR R A (2010) AR 4 43 15 740 >4
Ul 1961-2007 4F 1% H H B BFBCRT 122 A 56 5 o
1961-2000 432 H A BH S5 51 A1 H BREHECEE 73 X
A 4 b X (a=0.1904, 5=0.5103) 1 4 1 [X (a=
0.1519,5=0.5739)HI &5, o K SCHE 5T (O R H i 7
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Kb O K SCH S [MIm*d']; G o K B 4L
[0.082 MIm’ m™];d. A H AR XTHE 25 ; Wk H {51 A
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3 4RS00

3.1 PARZH ST

Z ISR AL X PAR S BUIL 5 e M1 9 55 8] 43 A
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1o BFFEIX ZAFF-44) PAR 24 22.48 mol m™d ™, 45X
% PAR K /NHE P AR R Ry« 22 04 LA L (24.40 mol
m?d™") > Z% 1% 5 3 (22.72 mol m>d™) > /K i B,
(21.94 mol m™d™")> " AR 43 1H1.(20.87 mol m>d™"), A<
X PAR % i (H A T4 111 (26.49 mol m™d™), SR (H
AT P Z54) J€(19.04 mol m?>d ™), # 2% 3K 7.45
mol m™d™" . FALIH] G4 U . PAR e = (EHEF N - 1E
111(26.49 mol m™d™")>7V44£(23.88 mol m~d")>15 [H
(23.23 mol m?d™")>J""7K(23.03mol m?d"); F Ak (i HE
¥ N 2 V8 % (22.55 mol m?d™") > W BH (20.15 mol
m~d™")>J3 I (19.65 mol m~>d™")> [& 1 (18.72 mol
m?d"), 5215 PAR K/NHERF A E ZE(31.11 mol
m’d")>F %= (26.79 mol m?d")>Fk Z= (18.25 mol
m?d")>%Z(14.10 mol m2d"), HFZE EMEE
1) PAR 73 [A) 43 A R S AR BRgh R A —3, 2L
BB L B ARG, AN A9 2 2R PAR 73 054 B IR
(30.57 mol m™d™), HE/F Ky R4 AL >TUK g dak> 2
MRS H>ZR B R K

1 1960-2011 FRISEL X FFFET FI PAR
Tab. 1 Annual and seasonal PAR in the northern and

southern regions of Qinling Mountains during 1960-2011
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Fig. 2 Spatial distribution of annual (a) and seasonal (b-e) PAR

in the northern and southern regions of Qinling Mountains during 1960-2011
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AR 55 | TH0.03 mol/10a, P>0.1), ZEI4 LAt i
X ) PAR B 2 T2 08 ARG B 45 A Xk, X T
1964 4F- 35 3| % 5 7K - (23.70 mol m>d™), 2006 4F ik
F F Al 7K F(29.55 mol md™), e 2= FI 2% 5 R £ o3
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Fig. 3 Change trend of seasonal PAR in the northern and southern regions of Qinling Mountains during 1960-2011

10a, 4= X T 1966 4 ik % 5 = 7K °F (36.46 mol
md™"), 2007 4F 35 # K K - (26.84 mol m?d™), B
AR S 28003 510 9.62 mol m?d™ F10.08; #k 7=
(1l 3c), PAR HE A0 7] % 2 —0.25 mol/10a, 4= X F
1979 4F 3k 3 % 5 7K F(20.61 mol m?d™), 2011 4F3k
B £ 7K - (15.50 mol md™), 1% 2% Fi s R ¥ 4%
5% 5.11mol md " F10.07 ; 2 Z=([&] 3d), PAR 34K i,
F FF%(-0.41 mol/10a,P<0.01), 41X T 1962 4F ik 3|
5% 5 7K P (18.36 mol m™d™), 1989 4F 15 F| F Ak /K
(11.27 mol m™d™), B 25 AL 5 22 %4 435l 24 7.09mol
m>d"'f10.09, (HAFERERRE, 410717 52470 PAR
W R AB AR AR 7B Z3 04 Db b X A8 R R /ME
[ 4 25 H 4143 50 Y BT 1960s-1970s F112000s , 4F Fr
R BHEIFAYE, 5 RBEAREE LT
Ko
3.2.2 PARFARPRAR AL

PAR BYAEAR PR AR ALERAE WA 2 4F PAR 450X
e Ak R A 38, 1960s-1970s Jy 1F 8-, 6 B Aif
204F PAR AN , 1970s FESPE K, 4 T X HEF
VR Sy T AR 45 H#,(0.90 mol m~d™")> ¥ 7K i 1. (0.87
mol m?d™")>Z& I 75 % (0.84 mol m?d™")>Z& 14 UL
(0.73 mol m™d™"), 1 I H & 52 4F [8] PAR 2 K11 10
45 1980s-2000s A 7 11 5F- , 2000s FF - e K,
HZ PAR S/ N 124

K7 PAR TR AL AN R AT ], B 24
[X.7E 1960s 1 1980s-1990s >4 11 #:F- , 1970s F12000s
M IE RS, Hirf 1990s 675 ek, 2000s 1 H°F- fie
K B Z, 45 W AR Br A2 1 B A 3 o — 3L
1960s-1970s LA K 1990s PAR fi &= , H: o 1960s 5% 15
(2.83 mol md™"), 1980s £12000s PAR 1t , LA 2000s

e fI% s Bk Z , 1960s-1990s 34 4y 1E 57, 2000s A 71
S, Hor DL ZE I LU AL K (—0.58 mol m?d™); & 2
PAR 7 A FL A 5 4F B 5L AR — 3K, T 20 4F D 1=
1980s-2000s %, [F]FE L2 20008 F fiK
3.2.3 PARZZALINZS [A] 22 5

AERIZETY PAR B AL AT S A5 18] o3 A UL 4 4F
PAR 47 89% (42 1) 1 ol wi T B, H 28 K8 4335 2]
0.01 K Lk I i 3K, 430 X Bl 50T o L A3l HE
¥4+ EL AR S HB.(100%)> T K 38 (93%)>Z5 14 AL
(86%)>Z AR (78%) o T BEHIREL A 3 17 b
1] T T < #B M (—0.91 mol/10a) . 5 - (—1.02 mol/
10a) . {5 FH (~0.91 mol/10a) F1 K [ ] (—0.81 mol/10a),
HA4E1L1(0.11 mol/10a) , 5% (0.23 mol/10a) 5% 5 4~
i T

=T PARZEAL TS 10, A7 25 PAR 1 FHHIT Bl
A 29 50% , £5 0 DX ] AR < 250 DAL
(0.12 mol/10a) . Z& % F5 31 (0.11 mol/10a) . I 7K i 2k
(0.10 mol/10a) 1 [ A& 75 Hi(—0.21 mol/10a), PAR 3%
Ty sl n5 8 v T b PG ERER 40 L I 5 B 2R T Al A
PAR W8/ , 45 W XA ) 28 HE 7 AU Ry« T AR 45 |l
(—1.32 mol/10a)> L /K it bl (-1.21 mol/10a)>Z IS R
% (-1.12 mol/10a)>Z 1% L1t (—0.91 mol/10a), T F#
IR 0.01 DL B E K, 208 LIRS X R
HAHE R 5 B ZE 79% )3l 45 PAR TR, 4530 X
NSRRI R - 220 R % (=0.29 mol/10a)>ZE 14 LA
At.(—0.21 mol/10a)= " A% 75 Hi(—0.21 mol/10a)>V 7K
T (—0.19mol/10a) , (H I A3k 5] 1 27K F- , PAR ¥
TR 550 A T H Pa R B IX, Y5 K il i A3 T
ZRFRHLIX 5 4 2% 89% i i, PAR W8/ , HIGHE ik
3| 1} 2 7KF-, A% 7 DX ] ZHR AR A+ 0 AR A5 1
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2 1960s-2000s =I5 L X =T FAE 1 PAR B9 FE R BREEF/(mol m™d™)

Tab. 2 Inter—decadal anomaly of the seasonal and annual PAR/(mol m~d™")

in the northern and southern regions of Qinling Mountains during 1960s—-2000s

0 AEAR ZEIG LI ZRIG DUK IR UL AR A ZIGRIIL
K2 1960s -0.52 -0.37 0.15 0.43 —-0.08
1970s -0.16 0.00 0.06 0.18 0.02
1980s -0.53 —-0.81 —-0.58 0.22 —-0.43
1990s -1.69 -1.89 -1.93 —-1.00 -1.63
2000s 0.49 0.73 0.87 0.00 0.53
HZ 1960s 2.36 3.20 3.10 2.65 2.83
1970s 2.47 2.59 2.64 2.48 2.54
1980s -0.57 -1.39 -1.87 -1.36 -1.30
1990s 2.64 2.44 1.75 1.72 2.14
2000s -1.74 -1.70 -1.80 -2.40 -1.91
e 1960s 0.22 0.69 0.89 0.97 0.70
1970s 1.39 1.56 1.50 1.23 1.42
1980s 0.72 0.14 -0.21 -0.21 0.11
1990s 1.32 1.88 1.34 1.02 1.39
2000s —-0.58 -0.57 -0.25 -0.21 -0.40
R 7 1960s 0.57 1.00 1.29 1.16 1.01
1970s —-0.06 0.42 0.45 0.50 0.33
1980s -0.09 -0.23 -0.35 -0.09 -0.19
1990s —-0.43 0.29 0.14 -0.27 -0.07
2000s —-1.68 —-0.60 —-0.45 -0.79 —-0.88
AR 1960s 0.55 0.78 1.10 1.10 0.88
1970s 0.73 0.84 0.87 0.90 0.83
1980s -0.18 -0.76 —-0.96 -0.53 -0.61
1990s -0.17 —-0.05 -0.32 -0.51 —-0.26
2000s —-0.93 —-0.81 -0.69 -0.96 —-0.85

(—0.52 mol/10a)>Z& 1 ) Jt.(—0.48 mol/10a)>7 7K it
3(-0.43 mol/10a)>%% W% 1 3% (-0.32mol/10a), Z5 14
DARE DX ka4 i i
3.3 PAR REHHESHT

Ul 5, Pettitt 722 p5 4G I 43 B 45 R WKL 5. 4R
PAR 89% )3l S5 KGN 3] 0.05 K LA F I 3 7K1l %€
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Fig. 4 Distribution of annual (a) and seasonal (b-¢) PAR variations

in the northern and southern regions of Qinling Mountains during 1960-2011
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Distribution and change of Photosynthetically Active Radiation (PAR) in the
northern and southern regions of Qinling Mountains, China
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3. State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875, China)

Abstract: Based on 52-year (1960-2011) daily data from 47 meteorological stations in the northern and southern
regions of Qinling Mountains, the annual and seasonal Photosynthetically Active Radiations (PAR) were calcu-
lated with equations of Angstrom and FAO Penman-Monteith. The spatial distribution, change trends and their
causes were analyzed and detected with spatial analysis method of spline interpolation, Pettitt abrupt change
point detection method and correlation analysis between PAR and relative factors. The results were as followed:
(1) the PAR became weaker from north part to south part, i.e. from northern region of Qinling Mountains (NQ),
to southern region of Qinling Mountains (SQ), to Han River Basin (HB) and to Valleys of Ba and Wu Mountain
Areas (VBW). PAR in summer was the highest, followed by spring, autumn and winter. The distribution of PAR
in spring, autumn and winter showed the same spatial pattern as annual PAR, but in summer, PAR in NQ is also
the highest, then HB and VBW, and SQ being the lowest one. (2) PAR declined significantly in past 52a, the de-
clining rates became smaller from south and east part to north and west part of this region. Except for an insignif-
icant increase in spring, PAR decreased in other seasons, and the rate in summer was fastest, followed by that in
winter and autumn. The maximum and minimum PAR appeared in 1960s-1970s and 2000s respectively in
spring, summer and autumn. There were almost half of stations showing an increase of PAR mainly in west and
central parts, and the other half stations showing decrease in spring. PAR of 79% of stations decreased in au-
tumn, and the increasing stations were also located in west and central parts. PAR in summer and winter declined
in most stations, and the decreasing rate was bigger in south part of Qingling Mountains than in north part. (3)
89% of stations had abrupt change points of yearly and summer PAR, and about 85% and 90% of them happened
between 1979 and 1983, respectively. There were no obvious abrupt change points in spring or autumn. (4) Cli-
mate change (wind speed declining), fast urbanization and more aerosol emission from industrial production
were the main reasons for the continuous decline of PAR, and the aerosol emitted from volcanoes was the main
reason for fluctuation of PAR.

Key words: Photosynthetically Active Radiation(PAR); spatial distribution; change trend; abrupt change point;

the northern and southern regions of the Qinling Mountains



