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Abstract: Based on monthly precipitation data of three meteorological stations in the eastern pamirs during
the past 58 years (1961 —2018), this paper uses innovative trend analysis (ITA), Mann-Kendall (M-K)
nonparametric test and Sen’s slope estimation method to analyze the variation trend of precipitation in the
eastern Pamirs. The results show that the results obtained by the three methods are highly consistent. In

recent years, the precipitation in the eastern pamirs has an increasing trend. According to Sen’s slope
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estimation method, 69.44% shows an increasing trend of precipitation, and 11.11% shows a decreasing
trend. The precipitation increases in 75% of the months and decreases in 22. 22% of the months by M-K
method. According to ITA analysis, precipitation increases in 94. 44% of the months and decreases in
5.56% of the months. However, there are also differences among the three methods in the analysis
process. For example, the most obvious difference is that the g value of Tashkogan meteorological station
in five months by using Sen’s slope estimation method is 0, indicating no trend of change, which is signifi-
cantly different from the results of the other two methods. ITA and M-K methods can distinguish the
trend of time series more accurately, and are almost not affected by outliers. In addition, ITA method has
the strongest significance trend, followed by M-K method, and Sen’s slope estimation performance is rela-
tively general. The ITA analysis has passed the 0. 10 significance level test in 63. 89% of the months and
M-K has passed the 0. 10 significance level test in 25% of the months. Compared with the traditional analysis
method, ITA has the advantage that it can give the range and trend of increase or decrease of different levels of
precipitation in different months. Therefore, ITA can effectively identify the hidden micro trend that cannot be de-

termined by the traditional test, and is more helpful to analyze the change trend of hydrometeorological data series.

Key words: precipitation, Sen’s slope, nonparametric test, innovative trend analysis, eastern Pamirs

5 "

AT AE R A BRI AR AL X 45 b X K AR T R
L 52 5 Bk i R TR T R IX (S A
A4 1k, 2005) , TPCC(2014) 1 45 TR Vil #
R Bt b b BOR 22 1 i X H B R K R B
32 ARG AR AR M DRI ) A 2 R R RS
ek R e 7K A A 5 e 8 b DX TR R R K AR R S B 1
A REA IR . TR E A R A 2 AR R K
A5 Ak R BE S H At b XS B 22 S D o E P L
TR R X UT AR FOK L . HATE TR
AL BF S, T —30 (2008) L W i 19 45 (2017) L ™
H R SR (2020) EEE AR E R IR K A2 1
FRAE S 43 Bt A0 A8 b 1 e o D B L At AR
(2004) , T 07 55 (2004) 5K G A6 A 2 /N 5 (1982) |
T I AR A (1994) B 5% 36 WA o A AR (L 5 4
BRAME A AL I AR — B, PHAb b X A B K AR Tk
G T AR 25 1 T (B 4 1R 55, 2006 5 BR A 4 Al
#k A .2009; T ,2021), #IHZ(2022) 151
FEPGILT Rk T R X KR EE . 5
R (1997) £ H P b K 4 b XA AT B /K o 5L 14 T
AT A L I A A . B/INHESE (2018) 4
Iy Ar T PEIE X 6 H FEK B 19611990 4 [a] B
ITSC RN

BT 2 P 1A AR A KA 9 i 2 R
b D AR SR B K RS AL BA FEOR R L, AU A

(2000) W 7245 o [ 5 55 b DX R 7K o A8 Ak 5 oA B
. BEIK B I N AE Y LR R 5 P X
AH L e R CGRA 58 T T+ 22 A2 SR MK W] 25, 20165 4% 4
75,2008) . 43 a4 B B (HER B, 2001 5 22 KB
5.2009) o 7 MR 3 Y A 3 X 1961—2000 4F
KA AR R I 2GR CE IR - BTG AR 45 . 2006)
(VA TE HE-WUNEaRu ke PSP N R (A
52 B S L B oK B R A W22 A6 T BE 23 B Gk K
Wi KA 1 IF B A S BB 77 A T 8 R
EHESE(2006) 23 A th 19612015 4R A K IR &
JE AR R K i B o R e . SRR =
3K K AR PR A ZR 05 42« BaARER L (2015) 73 M i
th 1960—2014 4EBE A FER T B AR [ K i 5 218 1Y
PE . OC T AMA K IR R K AR A E 5T B
DL EFROTEEE TR T MEK R B s L — Ju Stk )
B vk A R AR R O 12 45 L R T 017 M 3 53 Br (Ginno-
vative trend analysis, ITA) & 14 W 5% 16 & 55 B,
TTA 58 50 2 0 B4 Ak B A5 800 1) TR AR 4L
P, BGREE o B = AR R 2 = A
S L R A A E I S N T 7 TR 1= I
“rpZE N R A BE S R UL M WL SR s R K R AR
AN T B B AN [R] 51 TR ) 72 A i 34 (B P45, 2018) . B
RAh T M-K HRER 30 B i A8 S AN s B S
TR T T A R R A S A R T
ITA AT EARBE PR UE T X ¥ S5 A 76 M ) 5 ULk
AR s & AT LA T 45 5 B ) 91 oh ) 1 20 S
B o F0 53 S il R FH B0 WL ) AL e #4241 i 8



1314 A

% 548 %

L 45 Y D (B GRAEE #5384 ) A7 B T 8 7 Fie /)
{EL SO B 3 3 T LAy 1k HEA R S 4 0 0 By (A e
BRAZ A A< 25 ) o 1 PR A6 6 vl L2 00 3 A6z 6 14 54 90
Ak BT 19 AR Al s FRVE R =50 DR AL EA
PG AT M TTA AT 5E 70 B AR 0K 7K g I o
PP IR SRR LS R 3 ARG 58 AF(1961—
2018 4F) 9 H Bk AR H o XS 1 il R W K 2K g Dt
UL AFE AR B KA AR BA — R B

1 o XA

WA K IR T S T o AR R L b A
JREIE X P 14, 38° ~41° N, 73° ~76°30"E,
AU F AR DL 75 25 i RS A P R T A o B T
SR WMHE mERRE AL, &R A 4000~
7700 m YA VF 2 E g, R IE TR 7719 m, P 2
A 4500 m DA |, FZIEFE 6000 m P L,

AR MA K IR e T 7™ FE 1 5k B R i M e Ll A
R R R AR RIS — 50 CL s A IR
1953 AR B AR AR B AR5k —53. 3°C L, 4R g i Sl A
i 20 C L AE K AL 75~100 mm, 758 47 ¥ 4
M B /D 30 mm. AR XOAL 7E PE KRG 2R KR
T AT R A T v AP A 2 S L X, PR A
R FES . AR X b A S KKK fili I 328 S TR L B
IKE D R FEVS BT R (B 4555 ,2013) . ZAER
e ity Tk 3 R i 0% X3 R 2 il 5 (O kK & AR IR
x5 w8 I EL AR it 956 7K T 18 A9 YR A TRk K B LAY AR
bS5 9 T XUt 7 R (B e 0 2, 2019) , Ml 5 9K
JRURSE P9 T e ke Ak 552 W) N 28 1E 1 A= 7 A 3 L BT LA
F 5 I X I 4 R S B A A — 8 I 2 PR A X .

A RS

2.1 Mann-Kendall # I %

Mann-Kendall(M-K) j#4 # & 56 1k & — Fp dE =
HOR g, FH TR A5 K SO H) 47 114 i 3 98 78
Kr 3 (Kendall, 1938 ; Mann, 1945) . 3% 7 1 © 8% i
TR AL T 058 Ak B Ao Bidk 1 I 1] A2 A
FOAR RUR AT BERE A BN — 5 19 73 A AN 52 0 B
SR T K I RE 0 I T S B 56, JF HE A
Sl EREARI ST o0 A NP s R L 3
AT . o R EHEAKE A «=0. 10,

n—1 n
S = Z ngn(«rj—f,v) @b)

i=1j=itl

+1, x; —x; >0
sgn(x; —x;) = <0, n—x;, =0 (2

1*1, x; —x; <0
e Flae; AR F G20 (B n R B
I B CR SR b B i B0 . i S Y IEfR R
7 e (R R R B D e (Mann, 19455 8 7}
&,2018 B X, 2007)

Var(S) — %8 X [nln—1)(2n+5) —
Dot — D2t +5)] (3
k=1

o om J& IF 5 1B Gt B) 7 50 v 1 4 A5 B | il 2
e ()RR AIFFNAM BT, o BHEm 4%
WLEEAE ) B H (25 2045 45, 2008 5 SO 32 5, 20200,
FRX GO E P8 5 2 )5 bl Z. fEARE X (4D
WH L Z WIEFRRIZITFH A . m 2. i
FRZIT A 2 X, 2007) ,

S;l, S>>0
W/ Var (S)
Z. =<0, S=0 (4)
1 STl . s<o
W/ Var (S)

2.2 Sen’s T it

Sen’s BEREAL LT T I RHE B, RRIT
G- 3 AR AL SRR 5 a5, 2 g0 B L R 81 2
LT EREGR =0 B p A E A B <0 i, 75
BB, i o DA N X EE i SR
%,
BZMedianI]{:fi, i=1,-,N (5)
K ex;, Fla, 430255 7 AT A B R B FE AR T 37
{H (G >1) sMedian Jy B {H BREX .

2.3 BIETEEBE SN (ITA) %

TTA 36 I AS BER Biodls J2 b 7 i sl 35 02 IR & 4
i B9 (Sen, 2012 2014 2017) . % 7 1= & F B[] e
o3 RS F 50 35 07 50 4 T v 1 J7 253 )
HEF K 1 1A Rt B TR RN (E 1),
RIGATAT R IR B 5 1+ 1 R Z B R &R,
WERBETEAE 12 1 & LRI A b,
RBHEALT 1+ 1M By G X380 0 2 B 52




%10

£ UEF = R IE AR AR AR R R R K AT 23 B ) I 1315

90
(a)
R
60T P ICE
£ ’ W
= g4 d
IS
#*
=4
E g0l
=
0 e Il Il
0 30 60 90

I 1] BRI 5>

o data — 11

90

0 30 60 90
I il PSR B 5

- == +10%%—10%%

1 RAREH B 3 o B (TTAD 2 2 ]« Ca) JE BRI 3, (D) 3 2 3 dhe v oA 34

Fig. 1 Taking the innovative trend analysis (ITA) method as an example:

(a) the non monotonic trend, (b) distribution trend of three groups of data points
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Table 1 Statistics of monthly precipitation changes at three meteorological

stations on the eastern Pamirs (1961 —2018) (unit; mm)

gy PR T IR Z5 2

A 8 Z. B Z, B Z
1 0 —0.281(A) 0 —0.085(A) 0. 007 0. 602(A)
2 0 —0.072(A) 0.018 0.831(A) 0 0(A)
3 0. 007 0.687(A) 0.153 2. 119(R) = —0.005 —0.268(A)
4 —0.006 —0.405(A) 0.156 1.733(R) * 0.008 0. 144(A)
5 0.039 0. 7T13(A) 0.115 0.916(A) 0.263 1. 328(A)
6 0.170 2.119(R) = 0. 373 2. 197(R) ** 0.371 2.295(R) **
7 —0. 060 —0.092(A) 0. 204 1.073(A) 0. 367 2.439(R)
8 0.150 2.361(R) ** 0. 295 1. 432(A) 0. 234 1. 622(A)
9 0 —0.163(A) 0. 100 0. 726(A) 0.216 1. 543(A)
10 0.005 1. 177CA) 0.187 2. 348(R) ** 0.016 1. 118(A)
11 0 0. 118(A) 0.043 1.347(A) 0 0. 085(A)
12 0 —0.458(A) 0.063 2. 871(R) " 0. 020 0. 785(A)

T p M URHE L 2 B IR IS 2 gy S R A Ze NG R R B AR B FE ., M Z | <164 1Y,
FRBA BEBHE R Z | =1, 64 HAE 0. 10 19 B E MR BRBER ALK s R Z | =196 HAE 0. 05 1y

K FUR R L s Ze [ =2, 58 W ATE 0. 01 1Y L MKP B B

B B AT S 10 Ze D ORI R i

Note: fis the inclination, when B is positive, it shows an increasing trend. and when g is negative, it shows a decreasing

Ze HIEFRIRL

trend; Z is the statistical value, R significant, A: insignificant, |Z.|<(1.64 means there is no significant trend;

If |Z.|=1.64, the trend is significant at 0. 10 level marked as *

level, marked as **

5 When | Z.|=2. 58, the trend is significant at 0. 01 level, marked as ***

s If | Z.]=1.96, the trend is significant at 0. 05

. A positive Z, indicates

that the sequence has an increasing trend. while a negative Z. indicates that the sequence has a decreasing trend.
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Fig. 3 Same as Fig. 2, but for Turgat
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Table 2 ITA index of three weather stations
in eastern Pamirs
H 4y BEAT R T IR A% 4G
1H —1.895* 2.082" 3.103
2 A 3,753 0.343 1.115
3 H 5. 089 " 2.791 0.214
4 H 1.199 2.871* 0.270
54 1.874” 2.263" 3.618
6 H 6.164 " 4,296 9.513"
7H 0.212 1.224 7.023
8 H 2.4257 1.580 1.730*
9 H 0.278 0. 802 1.676*
10 A 0.017 5.042 6. 320"
11 A 4.196 2.303 % —1.716 *
12 A 9.241 " 15. 841 6. 118

o 00 R 0,100+ 1. 64),0.05(£ 1. 96) H1 0. 01(£2. 58)
DRTE N O
Note: * . ** and *** represent the significance levels of 0. 10
(£1.64). 0.05 (£1.96) and 0.01 (42.58) . respectively.
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