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Abstract

The increase in temperature not only causes changes in many other climate elements but also al-
ters the timing and magnitude of runoff. Such changes raise the possibility of environmental and
socioeconomic dislocations, and they have important implications for future water resources
planning and management. Datong hydrological station, located at downstream of the Yangtze
River, is an important station controlling the Yangtze River basin and is the uppermost boundary
of ocean tide rising of East China Sea. Its hydrological elements change obviously because of cli-
mate warming. In the present paper, simple and multiple regression analysis and M-K method
were used to research the variations and trends of flow and meteorological elements of Datong
hydrological station. The results showed that there were obvious intra- and inter-annual varia-
tions for the annual mean flow during the year of 1951-2011 in Datong station. The annual mean
and high water period flow decreased significantly and low water period flow increased slightly.
When air temperature rose significantly after 1994, precipitation, wind speed, relative humidity
and sunshine duration decreased, and annual mean flow, low and high water period flow also de-
creased. There was closed relationship between flow and meteorological elements, in which the
contributions of precipitation, temperature, relative humidity and sunshine duration to decrease
of annual mean flow were about 61.9%, 18.6%, 13.5%, and 6.0%, respectively. There were differ-
ent contributions of meteorological elements to decrease of high and low water periods flow.
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SBEBBEAM B BSBEESRDTNL, WIELRTL. XEAMLE TR ENMLZTL, EHik, R
SARZBALIT K CER KA R IR ER MM EEEEER L. AT R FHRRAGEKSS, £d
E R R BTREZIA TR ) B 5, REBHHKICABN SRR EE K, A02H—m. £
FLEIASHFAIM-KFE, SHEJLFERKIT KBEHRER M AZNRERBT T 4. ERRH, &
1951~20114E8H, K@ TR RETFHRE, & HKBRELA HERBEIOINE, FRHEFE1994
FUJE, SETREE, FRENE. HAKPRER/MNaAENEE. RERDMERSSBEEEAS.
PR ERANEERZROBERKER, BAKESRER/NTTRIR61.9%, HXEE W F#18.6%, <
B 7TER13.5%, HEBNBTHREERG6.0%. £FE. Mk, SRERNTRIEEER.

KA
HE, [iE, BKE, SEERL TERR

1. 5|15

KA T ZRA M TP, @l O LT 208 i TR TRKR, HK
AR M 1.7 x 10° km?,  BEIA[ F1EEES K 624 km, & ARG AR BT RE A i m 5, R E %R —
FAKIC, SRR AT U DX KA I I B G, ARV ML, EE . JR. VP AEHLX BB
TRDUFR AN K IS AT 55« I FEAT RS i i AR A A, DA S S SR S A B A S YT R d il i B AR A
FIsZI, X T K SCHR TAEFIRE 78T A R A A AR

AR, SR AN 2 507 A T ERFEN, WHAERSFREIAK SCE R4 T RO
Wi [1] [2] BET-PH RS A5 358 DX K SR YR /b, T BRVE B VA TR A IS A 34 A St sk /K IR 2 B g
[3] HATHFASMEARMIS K LT R AW, 2 WK A F 7 H K [3]-[6]. FFEERMH, FiRE5S
AR AKAFELRME ST R R[], (HAR, KIS XIRAR I 52 B /K (R s e ZE UK TR, 24 35 3L (A
TEFIRT, FmERE g A, B, ERAZIRET, WREKIEM 10%, 2 X 257
PIETIR T MG 24%[ 3], A AR bt DCTRT 1420 5 38 Pk 23 ) 36 I 17.3%F0 4.9% (4] LE 3T
B, BEOKERGIN 1 mm, ZREE 0 0.013 12 m3[5]; £ 3 [E AL RSN 1R AR B B 1.59 (8]
WORHE b X AR R ARG N 25.0% /2 45 [9]. EREKARRESL T, R THE 1°C, 78 _Eif
X AR IR T8 6%[3], AE AR ALt X 0] )1 42 s Al kb 4.04%([4]; 7R LS iR vl 2> 0.106 12
m3[5]; £ E AR T IR/ 2.45%3) 5.77%(6]. 4B KAIR RN AR, it BRI 10%,
[F AR 1C A 2°C,  FRIATHB X ARG T e N 15970 8%;  4n S /K38 i 20%, iRt 1°C Al
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2°C, 1RUIARTT RE G0 39% 1 31%[3]. Hag, AN[EHLIX AT il 5 B K AR A R i AN A

T 7K SCEE Z AR AR S X6 S AR AR A e 87 (1) 75325, R A 58 X 3AS [6) T B B 22 57 . i, K%
JCEABAY 5] SWAT #44[10]. VIC BLAY[ 1115 FH T8 7e B /K AR AR AT K SCEE R [P 82 s FIH GCM
R, £ IERBOE T, 456 MK SCEARL, PRAkAS [F] DX TR]TR] AR B A5 A2 A R i B [12]
[13].

X T AL Rl sl 3 A P B K S, o 2 L R R AR R A BB AR AN
FAE N BCRFAE . F R 1] [14] [15]. WFFTREH, K@ B4R TS A 350 B AR A A 155
AR, (HRNE NGRS RASRH R 2 BURREG B s, fhokKE 2 ORI, MRS 2
W2 FIRHEFUNGE T A B A OKIE /K SR AR, 453 7 OB & B ek D IR i

K ERNEE, S E R, W5 ARENER. MNAKFESTHE, KILREKE
K TR, B8 7T RAGRIERE, 2K K CERAFHERN. i, BNTUKER K
NEFERRMAKE, HgAr PR o B L BA #2m[16]. Hag, FHLIKERER, X3OL i
ALk A TS5 2 s XL S AR AR N R R M /N s X B B bt AR A — e 5 N T R E sl
BTN SRR WES[17]. (B2, ZWoKERST X K@ R R NI A — e 2 mm[17] [18].

AR NSARARAI A B, FE RS X AR B R, BiERKE. AR XA, H K2
FIRESEELZ AR, PR AR AR R 520, 43 b K8 st L =92 R ] R i 1A

2. BEFENMIHTGE
2.1. Hi¥E

A ST KT R /K SCt 1951 4E 8 2011 4F 61 4E 1) A P B R, SRE T RITHREES

AEREEL, BFESER. oK. HEEL KOE. @E%, BTHESIKSRASEEREN, BN
1961 “EF| 2012 4, it 52 4. TRKIL SR A BRI SR BRE, B DLk BORaE b A 7 [
Tl PR, RAEE 4 DDA R TR X DA S R B R EUE ARSI K s X 3RS,
FERHIAR TR . IR IR SRS Gl sl s A7 B 555 B L7 1.
2.2. Bk

1) AT TR SO R R AT

KA — M RARERY, 3B K SO R BRI R 55 2 AR A& % . P38 (E (B 1)1 A5 A0
2 A 22 R P R S R 7K S5, 5 3 1) S R A

2) M-K J5¥2

F M-K 73233047 578 4y M, B8 I 4436 1F 3 5 A e 5 B A 1 41 1) 7 QIR 8] F7 310 (1 98748 A, OF

Table 1. Name and location of hydrological and meteorological stations

e 1 KIS R UG B RIRALE

Wi 2% (°E) 2% (N) W3 P
Kl 117.36 30.27 [ 5K — K Sk
T H 118.98 30.62 R IFEA S Sk
gl 118.15 30.13 I A Rl
IR 117.05 30.53 EREAT R
SO 117.20 29.30 B KA Gl
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FeAIRE NIRRT, Fonfg ETHES, IEFAIREDN S, R T &S R 51w ih 2k B sg
wo I HMEE AR GE T3 VAT (R TRk 8], S A A2 s R L AR 220 6 AR T AR (KIS T . VEZR (17T
B R WL SCHR[S]

3) ZuBIE Ik

ARSI 2 Te B A 73 A D5 R R ZON K i AR . AR B ONRER T (y), HARRRE
BCP A RRER, 2l FK R () RERG) HIRI S () PR (x) . R y 55 4 B Xy,
Xor o Xg Z AR R AT RN :

Y =B, +B,x +B,x, +---+ B,X, 1)

X, BERECR M ED SR, R B RN IR T Z Tk, DUk IR E R

BRI,
3. METILEHE
3.1. FRTIIFE

NT X — 2 N RIS KIAFIEAKIA, ARSCIINBER R BNES . 380R R e SR &% H =
HIEPmEmtE, BRI A PR RS F R E DTk, JCR REKT 1 U A R A
XK, J& T F K WI(HWP, High water period); 2035 R 800 1 1 Ui W2 H FEAR BN, J& T A KEI(LWP,
Low water period). [4] 1 25 H T Ki@ER PR E AR REEC)WFENZN. ATLLEH 7 A KBk
HxZMAG, 1 A RRERSHIAG. & 1 kT bUES], 5~10 A G2 E P8R KU T
1, el 7 Ay, ~FRRERK, SBR[ EAR, FIE X 5~10 A6 AFKE. 11 H254E 4 A3
RABEYNT 1, KRR AGRE R, Bk, 23 11 A~F4F 4 AMK. X5 2500k
() 5E L —5.

3.2. SFBRZLEFHE

1) P E AR

Pl 2 JRERKYT ARG K STk 61 42K P E VORI a2 fh fh 2k, Horb, @R G20 MR R £
P AL A AR, I I AN EUE I AR BRI e KB /S, 2L R (8 fUZR A R R 2 4F
YR EL2 SR AEZEER, S A A i K B S O N AR R A e . NS 2 AT RLE H, TRE R OR
FEOILHE T H, BN 1952, 1954, 1964, 1973, 1983, 1998 i1 2010 4, H:vh 1954 4E A1 1998 i &
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Figure 1. The variation of intra-annual mean flow and effi-
ciency coefficient
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=/ NER -0 NG B Vi g . TR B iSO I 18 e Sl M o0 e G RV 0 - S N i TR B R R T ) 1
WmEMmMNERILE 9 4, 2052 1960, 1963, 1971, 1972, 1978, 1979, 1986, 2006 Al 2011 4F, ¥
A B RN RS o ] 2 Fp IR T AR HE, 45 F S8 3 B S 8 Uk N A, 3R K20 19.90 mEshat,
2) FAh IS 1A R AR AL
ARAE BT TR BB AT, W KBSk i TRy K SCAE, [ 3 BRI /KT LLE, 1951~2011 4
K= | F KB E R . W 3 HaT UE H, F K R A sk T2 h-66.741

mestal, KiKHIR BN GmEY, WinZ% A 20.084 m*-stal,

4. KiBXESIEE LT
4.1 SIBTHHHE

T LR AR AR AR — W R B, A SO IR A AR BRI K T R SR . 14
4 Gt T OB KRR KB TS 22, AP 4 AT DU i, E 1990 4EARDART, KX Bk 2 Wi s 2%

th, MRS 1990 ER LG, SURBER I, AHE LS. AR EFES R, SIRALEE
HIEF) T 0.025°C-a t HBREE .,
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Figure 2. The intra-annual change in the streamflow of
Datong hydrological station

El 2. KB uhFFImER BT ILE

75000

y =-66.741x + 171960  —e— Flow in LWP

60000 - —o— Flow in HWP

45000 /4

Flow(ms/s)

30000 -

15000 |
y = 20.084x - 23144
0 : : : : : :
1950 1960 1970 1980 1990 2000 2010

Year

Figure 3. The time series of annual mean flow in the high
(HWP) and low water periods (LWP) in Datong
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Figure 4. The time series of temperature of Datong
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Figure 5. The M-K abrupt test of temperature
5. iR M-K AR

AR AE, 1980 A LUA, RIZBHT 2T, 5K 4 BoRmai R —8. B2, /£ 1994 Fhi)5
AR TR, BT AR 7 Gt R E I 0.05 K, AT AV IR A AR AR it A SCHL 1994
NI RAC R 3 s BB AR AR AR IR IR IS [R) 20 B s, IR DA 18] fOA 20 5, DR i LS
M RRER M.

4.2, XESETHHE

NT T RERE XIS AFE, BT SURAREEAT /8 LA, B T K E . KUE ., H RS
BORARO R B SE AR ER, AW K@ @8, % 2 fE 3 4l iRss 5 MIRERE
1961~2012. 1961~1993 1 1994~2012 4 =AM 7] B (4 K18 Ak .

I AR B SRR (L2 2), 1994 FELLSLLLART, EPHIF/KEMT 144 mm, <ENT
0.9°C; WG, H RER BORARX R 2 BN 7 0.4 m/sy 7.1 h F1 1%. A7k 30 =F 7K 35348 B 7K B A I 40
BRI, RGE . H R EONE X BT BT, 5 & AR BB R 5 b AR [F] .

SR () BE SR HT (L4 3), 7E 1961 4EF] 2012 4EKik 52 4R[S [ R, S IEAEERE KR
Byogsnia sy, mRGE . H R EORAE R B AR N . B, fEFE MUK, FRRRER
stk A, B, BEAKE. KGR, SRR RFE 8 s8N, s i H R e =
IR N, FER KB ARG ks .

SRR G, RGERNEHAE A, 7E 1994 4ELURT, FRKEALE =N Ta] 51 vh 25 g 88 ik
B, Rl RAEFKIABG N & KUBTEE AR AR ZI35 i NEa Sy, (R, fEFKIAInES: <
5 RGE S E A H BB ORISR E AR =N T 5 R Y N & B2, 781994 2 )5, %
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Table 2. The mean of climate elements

2. SIEZERNNE

NI FES 750532 AR [E7K & (mm) K (m/s) SHR(C) HEBRE(h)  AHXHEE (%)

I 1724.4 3.1 14.6 152.6 77

1961~2012 4 Fi 7K 1242.0 3.2 7.4 132.9 74
Fk 1 22116 3.0 21.7 172.0 80

i 17196 33 14.2 158.8 77

1961~1993 4 FilizKk 3 1236.0 3.4 7.0 138.3 75
FoKIH 2210.4 31 21.4 179.2 80

F 1734.0 29 15.1 141.7 76

1994~2012 4 Fi7K 1252.8 3.0 8.0 123.9 74
Fk 2214.0 2.8 22.2 159.9 78

Table 3. The trends of climate elements

3. RIEERNES

i B4 2R 7552 FeKE(mm-10a) KiE(m-s™10a?) RIE('C-10at)  HIIERE(h-10a ) AXHIRE (%-10a )

4 1.784 -0.153 0.254 -7.701 —0.555

1961~2012 4 7K 1.098 -0.187 0.331 —6.644 -0.491
FKIH 1.543 -0.114 0.225 9.246 -0.677

4 6.752 -0.093 0.030 -12.282 —0.246

1961~1993 4 K3 2.939 -0.193 0.169 -11.942 -0.383
FK I 9.113 0.002 -0.041 -14.732 -0.174

1 —5.624 -0.417 0.137 0.004 -1.763

1994~2012 4 7K -0.433 -0.416 0.103 481 -1.799
FKIH -15.217 -0.438 0.286 -5.517 -1.698

IKEI NI B g b A RGN B FE AR AR O AR FE AR N R B ka3 AR R 2
Dk T H B R SR RS K I S A N s, 7E K 4R SR R RN B

IXFhah BB, A ARG B ARG LE E K e A EL R K IAAS AL S RN, N AR E I R, SR
RAFUL S5, SEEEGREE N H R B N ARG A R R AU NRE B IR
5. MEMNSIERZEHEINR
5.1. REESERTRERIIENZELSFE

L 1994 4F R S AR AR AV IR B T 5 38 BT 5 AN A% B8 4 [R] AR 1) RUBE 1961 3] 2011 4F 51 S %k,
TR E . F ARG KIATE 1994 4E7T J5 AL RRIE . 1<) 6 RIS 7 4350 RKad sk a5 . =E KA AR,
KA AT 1994 FR 5 IR R AR L2k . TFRRY, ERRREBA)E, 2HEFHREREL,
1994 £ELART, P3N 27,900 m¥s, 1994 4ELLJ5E, 4E- T ER Ny 28,100 m/s. Ak &
i1 16,300 m®/s 34414 17,300 m¥/s, =F/K @143 i 39,500 m¥/s /N F 39,000 m¥/s. IR FRAL AR, 4F
SRR RS e F, KA AR N 13.104 m3-s Y0 6(a)), FAKIATFEIM B LI-29.423 ms tat
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Figure 6. Before and after 1994 the change of annual average flow of Datong hydrological station
6. Ki@uh 1994 FRIFFEFHRERATEE L
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Figure 7. Before and after 1994 the change of the high and low water periods flow of Datong hydrological station
7.1994 FRIFARME. HKEEARENETETZL

FORE /L, T AS K I ASF 2403 B DL 56.693 m3-s - 10a * FIFEE N 7(a)). 7E 1994 “ELUE, 4F. F
KRR K S B0 ST 237 B A 2 2 R b e, DD FEE 4 A ) T —388.5 mP.s ha t(LIE 6(b)). —650.4
m3stat f1-123.1 m*-sha Tt R EE (LI 6(b) AT 7(b)).

52. SIRERX AR

PP AR A AR A S R T R SR ? RIRTH R E KRR L REIA B 27 N T
R, ASCHZICEADHINTE, AR ERON R PR R, 72 kR i %
MG EZN TR T IR .

1 G SR O /D, RIS, 25 58 KGR ¥ 22 T B3 5 R A UL & BOR A e il 82 1% 0.05 7K1
K6, Pril, REXGELRR, (XHREREKE. . T H RS 4 MERER, @32k
Jike, AR RAF, TR EME 0.05 KR .

& A EAFN R R R PR 5 S8 DR E R LI RATHR SR, RS i S &os kbl
IR ZERNREONIE, R ZE R EA TN TUER, EFFHIT, KRR
FETTHRI, W P30 5 (s R E 5 S5 1K) 61.9%:  HUCGRARXHREERI R, 7 Ak 3] 7 18.6%
A 13.5%; smid B/ BRI, T7 25Tk ON 6%. 7B IRRA RLLE, FEKE R IR/ A 22550,
BEINME Dy 18.9%,  H MM Kty IEF P m A 1T, SRy 1.5%, i SR A L B 1A A B
Ny I INIEE 7 0 9.8% A1 10.5%. 4k EFTIR, JCRAEMR NI EL,  BEKEAGE AR A E B A T

)
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Table 4. The variance contribution of regional climate elements in different periods
= 4 PEMEARSSKRERT KBRS ZE ST

I B 53-8 igiFes R 7K & vt H HE A 25 AHXHE
Gl 61.9 13.5 6.0 18.6
1961~2011 4F 7K A 57.3 (o7 (-) 145 275
F27KH] 67.3 5.1 2.1 25.6
Gl 54.3 12.2 6.1 27.3
1961~1993 4 K 62.4 (-)9.3 (-) 6.0 22.3
FK3 79.4 3.2 0.0 17.4
FFH 732 2.4 7.6 16.8
1994~2011 4= Tl 7K 9 47 (-) 443 5.7 45.3
F7KkH 38.4 0.4 13.2 48.0

LA B P A B AR AR 4 B 7K B IR AR B AR B AR — B

SRR, M 1961~2011 SFERAKRE, FE/KEMNIEERMNERMEN R K, BE T 57.3%;
FHXR B IEAE AL T35 =, J7 220tk 25.6%; A1 H H REE 200 /e sem e/, J7 22 sTmk 35y
Al 5.1%H1 2.1%. 7E 1994 FELART, FE/KE R R, AR R E R, AR AT H IR 20
ANy B, TE 1994 F 2 )5, FEKEANE RGN, A R IR AR AN AR A U RGO, A
FIEE—FNEE —, TuRF/KEA H RS A Y, 7E 5% A4

XFTFAMAES, M 1961~2011 N EREER B /K AR L AT SR 2 je e i & (1 £ 2R &K,
B2, 751994 £ J5, AHXHRE R IE E RIS, 77 25Tk RIEE] 7 48%, BONFMREEE — 1<
B, HBRHO7 20T E W2 /T 0 3B T 13.2%, FEKEMAURIEMIE RN, 752 5wk
RN T 41%F1 2.0%.

R T REZ R E LR, v LI 1994 4 DLJS - &M= AR & B BN G iR &
PRIIARRE . T ARk 5 KRR R B2 (a0 A B AN T A DG &, RV RS A H R i sk s 22 0
MR INA IS DT, (2, FEREKE AR BRI B RN E LT, TR D A AT T .

6. &

AHH M-K 771, — oM ZnElHSET 5, a0 7RILKIEK S 1951~2011 FE 2R,
KB X SARBRI AL, T T AR E R HR RN, LA N 3381 R 45ig.

1) Kiduhin B A R ER AR RE R A AR R AE, KB 5~10 A, HiZKHAN 11 2% 4 4
Ao 7 1951~2011 fEWIIH], 4E-FH3 B LS M/ s, #3RiES] T-19.90 mbsta™t; KWK E
WA, N N-66.741 m*s a s MK RA M IS, Nl 20.084 m*s ta

2) RO XIAARAEE B, 1994 4F 217, SRR, 1994 LG, IR E R, ¥ 1994
AR RNSRIARR T S LG, KR, MR, H RN B XGE B A E B 52, R 2 1 foll
20 ZAERIR T ETHEE B, BE/KSE . AR AT B R 200 A [RIF2 B (k)

3) N EAE 1994 fEH1 5 A IR AR, 1994 SEVIHT, HEFpH1 s AN =F /K B 7 210 2546 105 i 36
A, FEAKIAA ISR NER . (B2, 1994 FELLE, —FhAEFAIA R KR ER, R ET
IR IESY @ )5 271 I N i R B Y N o A

4) MEANESSFEERNBNAIRKRR . SAFEEZ SR W K2R R AT E,
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M58/ FRY R AT T SRS 8o ok 7K B AR KT S8 P58 P38 T (i), T ok 28 89 o (=i ) s 1 i A
R A B3 (B ), AR R R A (BN . (H5R, AR, SURER SRR RN RS R A FTA
[, BRI, SRR E R A T 20 245 R XK & L AR B R H T 25080/
X ORI D 01 EEESE, RURT S B> A REAE

B O

TR 5% H SRR 45 (41371050) X A4S ST %5 B
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