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Fig. 1 The location and scope of the study area
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Tab. 1 Evaluation indicator system for harmonious development level and coupling coordination relationship of REE system

HEN R 58 BRAEELa Tabr)E Pk TR R
Ay AR /m? + CITRE 2 7K B IR 45 H T 7K B R A 4
Ax A¥IKE/m? — TR 7K B IR AR 25 M4 T 7K B A 4
Az ANXHHh HEIFR/ hm? + G GRS ) B MR T e AR 2
ABBERSE A 777t GDP K&/ m? — TR KB IR AR 25 M4 Th 7K B A 4
As 378 GDP REFERRUESE/t — G GE ARS8 ) B MR T e 4R 2%
As Jiot GDP HLFE(KW « h) — CR A GRS ) A8 T B4R 4
Aq P BUR R it kg + G GEI AR S5 ) A MG GE T 4T 2
By Ji 76 GDP Bk kit /1 — CHE PR BESETHAE% ) T B A PR S HAE ) (T R 4 G4 %)
By Ji70 GDP 4 bk i/t - TE SRR RE IR BB T (2015 4F)
By N5 E S A/ m? + (kT @GRS
BABRS  Bi RS SR/ % + ORI GETHAF2%)
Bs 15K ¥R/ % + R TR GE AR TR A GE 45
Bs A4 & BRI E AL TR/ % + CHR T R BG4 ) T 2 PR R (T R 4 T4 )
By MR A BRSO e/ Y + IR TR %)
C1 A¥ GDP/Jt + G A e )
Co BickRl %/ % - TR GETTHAE %)
Cs Wb/ % + G SR8 ) B MR T e AR 2%
CLWARG  C b N d GDP HE/ % + G RIA B4 %) 45 M T B4 %
Cs Wk 2 J& R W] ST Ul — IR GEIT AR
Cs NIAFEA BB/ %6 + R GeiTH4E %)
Cr H =M= {H i GDP L/ % + G A G %)

T R AUCRIE R R R

2.2 B/ARREA L

FEPRMRALTT V5 0 WAL L 2 IR A S %
WEEATRAL S 325, AHP Jly WA i . 8T
TR HLY) 1, HLREAE T 28 2 B ME N2 548 hnnd ¢
R AHZZ N R I SEMR R s AL R 2 WA 7
25 HORG 1 B oy M 28 v o {EL Aot AR A A 4
PN 7 7 1 B — A A 23 X AR AR A ST 25 SR 1
TR 38 i — AR BE S T 3 2 WA &5 5 1Y
AHP-RRGE L A ACE BERILE G~ N 32 UL AY Bl
FVER [T o ST SR AS Bt 1 2 W S e L e A
A 38 R — AN 5 3 1 Ry B [ L i 48 A AN
NI a5 R s . Pl s SR 28 T die /D 3R vk
(1) AHP- AR LA AR R RN SR R 4 F8 bR dl A
BWEW=[w 0w, ] HHEALH

minF(w) = 2 2{[(5‘,- —w)z; )"+
=1 ;=1

— RS TR

[(Oj—a)j)z,-j]2} (1)
AL )
Do = L, =0 (2)

j=1
EEEF' F(w)ﬂﬂéﬂﬁtziﬁ?ﬂﬁﬁj NYNOH %%Uﬂf’%] /I\

¢ 662 « KX KK R

FEbR EMAE B A 2 B AE s = W HAT 7 A
PRI R om A FEBR R FR AL J5 BB R s =1
2‘...‘n’j:1\2\...‘mo

TR B I pRC SR AR 1Yy

L= 2 Z (LG5 —wpz )P+
=1 ;=1

[(Ojiw/>21]:|2}+4k<2a)/*1) (3)

SR AERLRE B E BR RO BN o A SR R S8
e

i:Z]Z(SJ"‘Oj*ZwJ)Z?}—FM:O €Y
ow; e
oL - 1y
A - 4(;“’1 1) 0 (5)
FHREIE AT R A

P e w Q

N ;

[eT O} A 1 (6)
Hrp

n n n
1 2 2 2
P—dlag[ZZm EZ‘Z”"*Z%J (D
i= i=1 =1
n n

0= [E %(Sl —0—01)2?1,2 %(52 05025 000,

i=1 i=1



REN,F HATEERR-ES-

S Al KR AR BAR & TR 24T

3 L, +0,,,)z§n]’r (8)

IEEEF' P Rym X XA ;e W.Q Nm X1 [a] ;A
S FEALER

fif B T RE AT A

w:Pﬂx(Q+T"%@><e) 9
2.3 SMLP 5%
2.3.1 Hi[iFEML

KA Bk M S s ok B Ak T X 4R AR AL
AT IC AL ], IR 5 H8 PR A 5 AN RHIE

5 2518 o RZEMH b A o RAUE d FEARE
es IE [ FE bR FIE B BE TS PR AE 1S KT R 6 b .
Bl FE bRy R EE Bl A (3 s/ i e bR . —
HHAEAXH

0,;<q

a

j>9a]‘<]fj<bj

0.3(29:

J

K

i 4

0. 3+0. 3( —y ) 0, <, <¢;
H, GElif&hm) = b (10
0. 6+0. 2(]—1),@,<@<¢zj

J

SR

g
N

&‘

@
\& :»

0. 8-40. 2( ),dj<xj<ej

)
X

Lz

1,a,<e

0. 8-40. 2( e, <, <d,

0. 60, 2(

H; G¥ifajfatr) = an

ﬁ

')
,) d, <2<,
) 2 ¢;<a; <0

0. 30, 3(

O

OS( ‘b.> =4y

0,a;<x;

A Hy OBE j D8RR A FNE BE s m g H8 AR L
J=1.25- my AT KA RGE A I myoms ”13%%
NS RGN N a; 0, v d; e R RS § A
PR IR ZEE A AR B E A B LA
2.3.2 ZENEZEUH

W ARSI LT R G150 1T
/N W

Iy = Elprp 12

IE,1 - Zza)qu (13)

q=1

1’13
IE,Z - Eerr (14)

At Ir, I};l Ihzﬁﬁ”jﬂgf/}?i{ﬁﬁ HEBIRE AU
T8EG oy my oms G R BEIR AR AT RGN R
WG H, JHy JH, 5300 B A5 & 5 R g
5 pqr TIEPRIFAIE I ;) v, v, HALE
2.3.3 ZHNERITH
B IrTen e IACF RS HY REE RGEH
W R JRRE HAE R /N et REE & 48 FliE & e K
P AR
Inpe =g X Ig+po X Tpy Fps X I (15)
A I i REE RGNS & T8 %K § ML 2 N U3 JZ}’
BN GEIR A AT RGER WA, = F Z N 1,
PR 2% ZR G0 0 T R 7K - ] S5 i 2, e I 13,
2.3.4  foi & B AN AR E
S M W5 RS Teee B KNS B
REE RGEHNE & FEK VR 73 5 59, W3k 2.,
T XIESE X REE 258 F1 & K- BN, 3%
A 4 A 5 AN PR R 25 1 O F1 1 AH R AF 2
Bl
% 2 REE RZEMIEERKESRX S iRHE

Tab. 2 Classification standard for harmonious

development level of REE system
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Tab. 3 Classification standard for coupling

coordination level of REE system
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Fig. 2 The Irgg of prefecture-level administrative region in Henan section of the Yellow River
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Fig. 3 The variation trend of regional average Irgg
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Fig. 4 Temporal evolution trend of coupling coordination degree of REE system
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Fig. 5 Spatial evolution trend of coupling coordination degree of REE system
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Resource-ecology-economy harmonious development and coupling

coordination analysis of the Henan section of the Yellow River
ZHAO Chenguang' s MA Junxia'*? ,ZUO Qiting'? , WANG Jiaoyang' , FU Yunyou®

(1. School o f Water Conservancy Engineering , Zhengzhou University , Zhengzhou 450001, China;2. Henan International

Joint Laboratory of Water Cycle Simulation and Environmental Protection , Zhengzhou 450001, China;

3. Henan Yubei Water Conservancy Engineering Administration Bureau , Xinxiang 453002 ,China)

Abstract: The problem of unbalanced and inadequate development among resource, ecology and economic systems in the Yellow

River basin is becoming more and more prominent. Quantitative evaluation of the harmonious development level and analysis of

the coupling and coordination relationship among them are of great significance to the high-quality development of the Yellow

River basin. The 15 prefecture-level administrative regions in the Henan section of the Yellow River are taken as the research

area and an evaluation indicator system from the three aspects of resources, ecology and economy is constructs based on the panel data
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of NDVT between annual average and growing season. The spatial heterogeneity of vegetation cover change was obvious, and
most NDVI changes were within 4-0. 1. Vegetation coverage in Daxing’an mountains increased to a high degree; Vegetation cov-
er change is not obvious in high altitude areas; Reduction of NDVI in the southeast of Sanjiang Plain and some areas of Xiaoxing'an
mountains is obvious. In different land use types,woodland in mountainous areas is higher than that in plain farmland and urban
areas. During the growing season, NDVT in cropland and grassland showed a significant increasing trend, while NDVT in wood-
land showed a slight decreasing trend. According to the prediction of the future trend of NDVI change, there were many areas
where the future change trend of vegetation cover index showed a good trend,and there were also many areas where the future
change was uncertain,and vegetation cover index showed a degeneration phenomenon in the southern region. Regions of uncer-
tain about NDVT future changes were mainly distributed in Songnen Plain, central Region and southern Sanjiang Plain of Hei-
longjiang Province. In different periods, NDVT future variation trend was obviously different,and the spatial variability was ob-
vious. NDVT future variation trend showed continuous degradation and continuous improvement mainly due to changes in geo-
graphic location and climate factors. The positive correlation between NDVT and temperature was weak,and the negative corre-
lation between NDVT and precipitation was weaker, so NDVI response to air temperature is more pronounced. Compared with
forest land, cities had weaker self-regulation ability, so NDVT located in cities was more responsive to climate factors. NDVI
changes were significantly consistent with changes in air temperature and precipitation in the southwestern urban areas of Hei-
longjiang Province. About NDVI response to temperature and precipitation, spatial heterogeneity was obvious. Especially in the
vegetation growing season,its growth was mostly influenced by precipitation. However, in the Suihua area of Songnen Plain,
there was no obvious difference in vegetation cover change affected by temperature and precipitation.

Key words: vegetation cover; GIMMS NDVI3g;climate response; Hurst index; correlation analysis
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of each region from 2008 to 2019. The combined weight model of AHP-entropy based on least square method is adopted to de-
termine the weight of each indicator. It uses "SMI-P" evaluation method to evaluate the harmonious development level of re-
source-ecology-economy system. The "SMI-P" method is further combined with the coupling coordination model to comprehen-
sively appraise the coupling coordination relation of resource-ecology-economy system in the study area. The results show that
between 2008 and 2019 : The harmonious development level of the fifteen prefecture-level administrative regions shows a trend
of fluctuating growth on the whole, but none of them reached the "harmony" stage,and among them, Zhengzhou is the best
(0. 68) ,and Puyang is the worst (0. 51) ; The coupling coordination relation of the fifteen prefecture-level administrative regions
is gradually gathering to the stage of high-quality coordination, but most of them are still in the intermediate and good coordina-
tion stage,and the coordinated development speed of Puyang is relatively backward among them.

Key words: resources-ecology-economy ; SMI-P; harmonious development; coupling coordination; the Henan section of the Yellow

River
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