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Spatiotemporal variation characteristics of water cycle elements in the Nansihu basin

ZHANG Wei, XUE Lifang,DU Jie
(School of Resources and Geosciences s China University of Mining and Technology » Xuzhou 221116 ,China)
Abstract: In this study, eight monitoring stations were selected to analyze the spatial and temporal characteristics of water cy-
cle elements, such as precipitation, runoff, and evaporation in the basin. For this purpose, measured hydrological data from
1952 to 2015, the Mann-Kendall nonparametric test and Morlet wavelet transform were used. The results indicated that
precipitation showed an increasing trend, and the runoff and evaporation showed a decreasing trend in the basin. The interan-
nual variation cycle of each water cycle element had multiple time scales nested with each other. The main cycle of precipita-
tion and evaporation was 25a, and runoff was 31a, respectively. The distribution of water cycle elements was uneven during
the year, while the precipitation was concentrated in June-August. The peak value of runoff was one month behind the pre-
cipitation, and the maximum value of evaporation appeared in June. The spatial distribution was uneven, which characterized
by the decreasing trend of precipitation from southeast to northwest. The spatial distribution pattern of runoff depth was
consistent with precipitation. The change of water cycle elements in Hudong area was greater than that in Huxi area. The
temporal and spatial variation characteristics of the water cycle elements of the basin may be affected by climate change and
human activities.
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Fig. 1 Annual precipitation and runoff trend in the Nansihu basin
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Fig. 2 Wavelet analysis of Multi-year average of water cycle elements in the Nansihu basin
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Fig. 4 Spatial variation of precipitation in the Nansihu basin

2.2 %w&ﬁﬁ%m%ﬁWf%%@Aﬁ

2.2.1 BREWNERETL
R AR RS ALRRAE  - (D TLAE NS S il

+ 68 ¢« KXKRFR

2 M-K RS (8] 1,38 DX R, 20 fiE28 60 424
DASKe R O 13t 4 4 A2 U e e A 22 s e Hod
i M-K KSR 5B 0. 05 pe e . s/ . 3% . (5



[ RN R SR s e O 1

M 2000 42 J5 A e E TR, (2 BREE L B
I AN = Al S R AN i 3 Ak s R
FWD . (DR L ELAZ B K SR H R K
LN RS 1Y 7 O vt WA P 1 g o == )
R kR0 T ST A SRS A I E

F 8 A3l pit (A2 it e B AU B i Sk - 349 4%
i, 5T Morlet /NE 3 HT A5 SR ULE 2(b), 31 a
RUBE 5T 28 A WFFE B [A] RUBE , 2 52 M 42 3k A8 Ak iy 32
WX — RN AR I 22 350 20 AR 8] 4 A7 46 A
6 YR A, 19581969, 19791990, 20002010 4F
JEIE(H . R w2 A K s HAb AR Ry T (H . 45
T A K . HRIEA 10 a LA BT
ANJELS s A2 0 o P A B AR b RUBE e 2 22 sk [) RUBE )
MERE.
2.2.2 RRENFANLT AL

25l s H 4 LR 3 (b)), 5 K AR
WAL —FF AR TR AF N 4 Fo AR R 3357, E AR
HTE7T—9 H, i EFERRN 80X A4, 8 AR

R JEE M 8 AR EIL 402 m*, 1 AR
AN INEE RS A R IR B . AR I B R L B/ A
LR E — A H . Fui s RiEm Cd
fHAE 0. 54~0. 86, PN | £ {5 F1 00 448 I 1 1) 46
H kg ke, Cd B 43 31K 0. 86.,0. 81 1 0. 78; ¥ &
BB SN, CA (R 0. 54, S5FEKM
A PN 43 R X — B R AS (] 5 45 3 ol AR I
AT BEAS B 5 M 1 22 55 R F R K B AR Y 511 1
Z5,
2.2.3 BRWEW =K EAE

ia 1] SWAT BEARUAEALL I AR It R X 4% 7K 1 i
N 55 ULIE 5. AR ZS R AR AL EE - (D)
T AR TR 2 A1 SR S A6 22 B 3 i 20 181
PO T . (2) 42 3 U8 2 B 8 3% in it #, A
LUCC(1985) | LUCC(2014) 72 F i 81 mm.,
(3) 74 T 400 118 0% ¥ 3¢ S8 A 162 P b B 47 34 o R L
SR A A TR AR A0 K A /N R
B ARG N 74 mm,

i b LR S e DAL

P et

CEr
i |‘..ll i

me 127 [l - ([ T

| B LD R R |5 a3

17-ife [ 0i-236

Ui ECE20 3 R

5 EEMREERENZEETW
Fig. 5 Spatial variation of runoff depth in the Nansihu basin

2.3 BRI R F 0 R E T AL

FLAF T 235 il £k 8 R L B B AE 20 2
60—80 AEAR H A /Mg BEHE ISk, 28 & A 20
42 60 AECTF IR 3K E S PO/ DE (B 6) . 34
Wi SRR R R MK K38 Ge it i Z 5 i 2
B (—3.09) &I (—4. 26) FIFS N (—7. 14) i 4
TAGEE R 0. 01 MRS5S, v B Ik o 3, M Y
WK, BT Morlet /N A BT O 25 R AN 2
(o), 7F 25 a RUE 14 a R FIE SR 58 B A8 L B
SRR R AR A R, AE 25 a JE
A 6 IR, 2878 S5 4 1) = 1968, 1976, 1984,
1992.2001.,2009 4,

B DU A K i AR N A il 25 S R L
Bl 3C), Hidr 6 78 KiK. i 24EZE K w1
16762547 Bk E 272,03 mm. 1 H b M R

£ 40. 42 mm, &, HZ BGA I LR 320,
37%0.20%0.10% . Z&A& S [] B35 501 . AR
KM
2.4 KRPEFREZ TACRE S HT

USRI e (e Ve A NS TR R

SO S A JEL N ) ROBE b N 2835 B i i e 32 5

PRUER o B A I ] ROBEE L A0 78 A ) 32 i)
oo AR5 b AR IR B AR AL R AE W) & T R
KBS AR AIE 2 W J 3 L e 7K R R W A2 T Y
2,41 FEAKER v B K A7

R K AR 22 TARAZAL R R B IESE 2Bk AE
iz 2 8O3 I 7K L A 30 7K 9 e A T A
o FE BRI AL R 5 T L 20 22 80 4R AX L £

KXKER < 69 -



F18% #3W wmACKREGAMBHKFEI) 2020 4 6 A

== W T MALT 5
- AR

WXl |

o BB i

| LW} |-

e | 3 TERT T AT

T Y

i

e [ TR
— L

i L i i i

| 1K 3 i i i
B 1571 W7t sl

198
4 fip

1 KT MR 200

Fig. 6 Evaporation trend map for each site in the Nansihu basin

I A A CEAT o 980 3 St A Tl R 5z J
B il = SO s Gl BT B KR I 2003
AR AR AR St C A N RIS R RT5 B Bia 4 ) »
FERE PR Tl g T B P CO. \CHy S5 BHEML
Al BTG KR D E RS Rl
SIS K W) & . ZR IR S 2 52
M 7K PR AF N 23 BE » B2 32 1 2 AR R [ K e v
TE 6—9 A &ZE32 REREZE KGE IR S L ok
o,

ZE(A) L KR S AR 1 Y b gk el 4 L3
R e 7K SR 34 A G 1) A 33K T AR T T A WA
DX 2R R FLIZR b DX 465 2 38R 2 AR Fe e
U RUIRE AR B U /N NI X/ 8 S F B2
592 m, H RS U sh A 55 5 B ST i 5
(LR DL B: kR 12 N iy é 8
2.4.2 RyEy R E & A

AR WM KA A R RSN 4
TR TR 4 2 18] 70 A SR B AT T [k 19 23 [ 7 S
M AEAEZ AR R 3 5 KT BT TR
TSR LA i 32 3 A 2R Y OLE K

TR KR AR SE NSRS

ANIZ 7K THT 3 I e AR P AR = B K R B
I/D AN B4 R FEAR R AR BE B3I T b A it
LSS KRR SRR 7. R PO R 1985 4F |
2014 FFARFEVRIG N 81 mum, 17 15 FH 1l 1T AR
5427 km” (& 7) , My | B 3th [ B /L, ZRARAE B IR
b o BB FH Ml 2 A1 L A8 TR Y 4 A
R AN K o DA 8 18 T b AR Ak Ee BB R 1 i 38 4%
TR AAEARXS K . (BAERE K AR R+ 2
MITEOL T » A8 30 B AR 2 BT Rk, 5 sk R T
PRSI K 3G AR KR, I 40 4F 3L
AL K 300 4R F230T 1] 20 AR . 1 S |
el X A J5 58 i+ 753 08777 km?® . JA 1991 4F &
2010 AEf 20 4F ], i 4ok P4 45 35 T By o DA S AR
T, B T B B0 B L B K BE AN 1991 4 |
2010 AFE34 N T 249 120 km, FREEZEEE AT ARG
o, AR K BN AR 3% 7K S 388 m s DA T Sl 4]
1991 4EA4E 1% FIZK B 1 9705 m?, 2010 4R34 &
3 5557 m’ , HAAth EL 77 i K S 18 n , AK 9% e
FRFIH AR D E B R A,

A ]

A

[

= L AR

[ A ]
SOPIIH b T R R
i (i T

me
Hig

7 EMERE R AL

Fig. 7 Land use change map of the Nansihu basin

+ 70 ¢+ KXKFER



[ RN R SR s e O 1

2.4.3 ERWB W E RSN
RS2 R AR AR FE A 30 50 ARk I
WU P AR R B BT H 2 R
IR UL AE A 52 TR A /) 5 20 12D 80 44X
Ja 7R I R ARR R b2 AR B R
Wi, A BEFERINS ST X 2 R T RE S
ERRARET T AN 35 |k i R A 15
SEIA 5+ 15 DB I A5 PR S b » AT 2%
R o FEIH A Uk A A R 7 M TR PRy R A
BT 28 A D 5 R RE A BB B A 5 7l R R
TIRJERS R G = A BRI A 5%, 23 [H]
oAb AR B SR X, 2R AR

3 &

ARSCH T R P e 8 A M sk A 1952—
2015 4R AR SCHOBHRI R BORE X S8R A 30 23R
(I 25 AR RS S HERE e R 2R 4T 1 230 #9453 3
DA ZEIR . (1) g O 39 i 4R o 7K 0 A 5 AN 3 3
IFER et Py s T 3 Wy SB[ EE 3
(S A AT [ 5 114 0 o S 2 Aol s 1] J8E PR A Tk
BB AR A28 K 5 — R S 2 25 ay
31 afll 25 a; 4F N BCR AP 2] RS 1E 68
HOARTERTAE 79 A A=A & (E AR K — A
L ZEREAE 6 oK. (2 BRKRN 28 7345 22 5+ 8.
FRINARE Z I KRB I X 2 75 B
o ARIRI A (B Ak R AT & T R K A5 18] 73 53
ik JEER A 2 R D W AR 2 TP . (3) R DU
TR EFR 2R A 23 A 52 B AR AN T
Bl BB R 7R I E] ROBE b ey 5i B A 263 3l
X ZKAGEREEZR 1A A B L L AR R[] ) |
LR MR R E R ER . K
JE/REPA A RTHE - AR IR 28 A 2 1A% e A L 52 1%
Kz () 22 5 B 2R - N D& T Bl e Jey ol b i AE 7K A B
(2 18] 73 A7 o

2 3Lk (References) ;

(1] HENER A E E. SRS T 3 E K 58 5 5 i i
UG A LB 55 B L) 1. IR R . 2011, 26 (1)
1-12. (XIA J, LIU C Z,REN G Y. Opportunities and
challenges faced by climate change impacts on China’s
water resources| ] |. Advances in Earth Science, 2001,
26 (1): 1-12. (in Chinese)) DOI: 10. 11867/j. issn.
1001-8166. 2011. 01. 0001.

[2] TIPCC. Climate change 2013: the physical science basic

(3]

[4]

(5]

L6]

(7]

(8]

[9]

[ M]. Cambridge: Cambridge University Press,2013.
AN 52 XU 5 AR P i B AR 3R 22 AU
IKAEFR BoK B Pz S s 5 L) 1. A 9k %3k, 2016,
38(3):167-176. (XIA J,LIU C Z,LIU Z Y, et al. Im-
pacts of climate change on water cycle and water re-
sources in the monsoon region of eastern China and ad-
aptation countermeasures[ J ]. Chinese Journal of Na-
ture, 2016, 38 (3): 167-176. (in Chinese)) DOI: 10.
3969/j. issn. 0253-9608. 2016. 03. 002.

EFRRIER, a4 BT SWAT B 3R R
Sl b R TS A AR AR AR I A 2 R L) 1. A 2 2
#2,2015,26(4):989-998. (YUAN Y Z,ZHANG Z D,
MENG ] H. Impact of changes in land use and climate
on the runoff in Liuxihe basin based on SWAT[]].
Chinese Journal of Applied Ecology, Apr. 2015, 26 (
4):989-998(in Chinese)) DOI: 10. 13287/j. 1001-9332.
20141224. 006.

FARIE AT, A RRAE B 5T AR 23 ) RUBE R K
AEARLT . Bl 317, 2013, 58 (8) : 664-673. (WU F
T,FU C B. Change of precipitation intensity spectra at
different spatial scales under warming conditions[ ] .
Chinese Science Bulletin, 2013, 58 (8): 664-673. (in
Chinese)) DOI: CNKI: SUN.KXTB. 0. 2013-08-008.
DRk BB XA A NS IZKIE Bhoad RRUEE Bl
HUK A B0 RS ). i BRRE 2 E Jig L 2015, 30 (10D
1091-1099. (TANG Q H, HUANG Z W, LIU X C,et
al. Impacts of human water use on the large-scale ter-
restrial water cycle[ J]. Advances in Earth Science,
2015,30 (10): 1091-1099. (in Chinese)) DOI. 10.
11867/j. issn. 1001-8166. 2015. 10. 1091.

B AR 00 A A 5 R X KR R i
FEma R ALRIBTFELT ] Al HLB 2= 4, 2018, 49(2) : 252-
259. C GONG X L,FU Q,WANG B, et al. Mechanism
of response of land use change to water cycle process
[J]. Transactions of the Chinese Society for Agricul-
tural Machinery, 2018,49(2); 252-259. (in Chinese))
DOI: 10. 6041 / j. issn. 1000-1298. 2018. 02. 032.

Wa KR PRET 2R, 48 S 50a R BT b i K9 B 22
FAAE A HE L) ], A WP 2006, 26 (5) : 849-854.
(LANY C,LIN S,LI Z Y,et al. Analysis on the chan-
ges of water cycle elements in the upper of the Yellow
River in the past 50 years[J]. Journal of Desert Re-
search, 2006, 26 (5) : 849-854. (in Chinese)) DOI: 10.
3321/j. issn: 1000-694X. 2006. 05. 032.

ENE DM SO A TR L A5 IR R KGR B A
Az RRLE A L LT 1. B2 a4l 2013, 58 (12) : 1064-
1077. (WANG H,JIA Y W, YANG G Y, et al. Inte-

KX KRFR 71



F184% F 3 FBALE G AR A (P HEIO

2020 4 6 F

[10]

[11]

[12]

[13]

[14]

o« 72

grated simulation of the dualistic water cycle and its
associated processes in the Haihe River basin[ ] ]. Chin
Sci Bull,2013,58(12) : 1064-1077. (in Chinese)) DOI:
CNKI: SUN:KXTB. 0. 2013-12-002.
B, T, 0 S B ST DA R R S A 5K
IR SCBEBILT . HFH 224, 2004, 59 (4) - 565-573. (LI D
F,TIAN Y,LIU C M. Hydrological simulation under
changing environment in the source region of the
Yellow River[J]. ACTA Geographica Sinica, 2004, 59
(4):565-573. (in Chinese)) DOI: 10. 3321/j. issn:
0375-5444. 2004. 04. 010.
ZEE RN, B IR ST SWAT BRI K TLIR 4
ORI FE /o e AR AR s A e L . K £
P45 B 5T, 2012, 19 (3): 119-124, 128, 301. (LI J,
ZHANG X Y, YANG Y Z. SWAT model of runoff
study under different land use cover scenarios in
source region of the Yangtze River[ ] ]. Research of
Soil and Water Conservation, 2012, 19(3):119-124,
128,301. (in Chinese))
R K VEA S AAMD . S5 G 50 AR = A 3 XK R
2R B RSB [T ). M B2 4R L 2015, 70 (5) ¢
819-827. (HANG L F,XU Y P, YANG L.et al. Tem-
poral and spatial changes of water system and its
driving mechanism of the Yangtze River Delta in the
past 50 years[ J]. ACTA Geographica Sinica, 2015, 70
(5): 819-827. (in Chinese)) DOI. 10. 11821/
dlxb201505012.
NN T PO Rk T A K SCROM R 2 VLD R M -
ol K2 A L 2017, (Study on the hydrologi-
cal effects of urbanization in Nansihu Lake basin[ M.
Xuzhou: China University of Mining and Technology
Press,2017. (in Chinese))
T AR SR A PR R K S AR

K % K K B

[16]

[17]

[18]

WIBrFE L)/ OL. W7 b ek )2 (2019-08-23). http://
kns. cnki. net/kems/detail/13. 1197. S. 20190606. 1744.
006. html(DONG N, LI L,GUO H Y, et al. Research
on the precipitation concentration degree and concen-
tration period in Nansihu Lake basin[ J/OL]. Journal
of Hebei Angricultural Science (2019-08-23) (in Chi-
nese) )DOI:10. 12148/hbnykx. 20190068.
FIAR L RATH  EWLEE. IR A8 R DU O AR A2 T
ARACHFAE S BT[] 1. N IRERIT, 2017, 38(7) : 49~
54, (WANG Q S, WU Z Q,WANG G, et al. Analysis
of the annual runoff variation characteristics and tend-
ency of the Nansi Lake basin in Shandong Province
[J]. Pearl River, 2017, 38(7): 49-54. (in Chinese))
DOI. 10. 3969 /j. issn. 1001-9235. 2017, 7. 011.

PR 08 S BN A 45 S 60 4106 R DU W1 37 8 ki /K
ARACHEAE S AT LT ). 2K 2 AR FEWFJE - 2018, 25 (2) - 201
206. (TIAN L J,XUE L F,YANG H ,et al. Variabil-
ity of precipitation in Nansi lake basin in recent 60
years[ J |. Research of Soil and Water Conservation,
2018,25(2) : 201-206. (in Chinese)) DOI: 10. 13869/
j. enki. rswe. 2018, 02. 029

EICE R T A B SC LML Je st K
7K HLHS R 5 2008. (WANG W S, JIN J L, DING J.
Random hydrology[ M. Beijing: China Water &. Pow-
er Press,2008. (in Chinese))

XU PR e 45 AT 50 A Hh 28 & 2% Kk 7
fefas B A L] H P 2= 4. 2009, 64 (3) : 259-269.
(LIU M, SHENG Y J,ZENG Y, et al. Trends and
causes of evaporation of evaporating dishes in China
in the past 50 years[ J]. ACTA Geographica Sinica,
2009, 64 (3): 259-269. (in Chinese)) DOI. CNKI:
SUN.:DLXB. 0. 2009-03-002.





