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Analysis of human-water relationship structure in the lower reaches of Yellow

River Basin based on farmers’ perception

YU Jiarui, SUN Luna, LIU Muyi, WANG Shuai, LIU Yanxu "
State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

Abstract: The study of human-water relationship is an important field of social-ecological system research. Identification of
farmers’ perception of human-water relationship and its influencing factors plays an important role in implementing
ecological protection and high-quality development policy in accordance with human requirements in the lower reaches of the
Yellow River Basin. However, the existing studies have mostly carried out residents’ perception survey and attribution from
one or several relationships such as regional water resources, water environment, water culture, etc., but ignore the
structural interaction mechanism between human and water. Based on 1651 questionnaires distributed to farmers in 10
counties of Shandong Province in the lower reaches of the Yellow River, after the analysis of confirmatory factors, we finally
introduced five latent variables; water resources and ecological relationship, water culture and tourism relationship,
residential ecological function, estuarine wetland function, and cultural tourism function, and established a structural
equation model. It found that the farmers’ understanding of water resources and ecological relationship positively affected
their assessment of residential ecological function and estuarine wetland function. The farmers’ understanding of the
relationship between water culture and tourism had positive impact on their assessment of the ecological function of their
residence, the function of estuarine wetland, and the function of cultural tourism. The results revealed the influence
mechanism of the function cognition of the human-water system by describing the structure of the human-water relationship

based on the perception of farmers, which is helpful to provide decision-making reference for ecological protection and rural
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revitalization in the lower reaches of the Yellow River Basin.

Key Words: lower reaches of the Yellow River; human-water relationship; structural equation model; farmers’ perception;

socio-ecological system
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Fig.1 Study area and questionnaire sample points
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Table 1
reaches of the Yellow River (n=1651)

Demographic characteristics of respondents to the survey on perception of human-water relationship among farmers in the lower

o s R ﬁ&ﬁzﬁﬁt& S e AL ﬁ&ﬁﬁﬁtt
Variable Category Number of Valid Variable Category Number of Valid
respondents percentage/ % respondents percentage/ %
PE5 i 882 53.4 558 115 0 42 2.5
Gender % 763 46.2 Number of 1 78 4.7
RIS Age 16—25 % 44 2.7 labor force 2 763 46.2
26—35 % 58 3.5 3 381 23.1
36—45 ¥ 136 8.2 4 285 17.3
46—55 % 263 15.9 5 67 4.1
56—65 % 392 23.7 6 29 1.8
66 % L) I 758 45.9 7 5 0.3
AEA 1 HUTF 74 4.5 8 1 0.1
Annual income 1—3 77 543 32.9 SRS INFERULT 984 60.2
3—6J7 508 30.8 Education level [UEH 465 28.4
6—10 7 380 23.0 EhE L 147 9.0
10 YR 142 8.6 ﬁﬁi‘z"(ﬂ 37 2.3
AR VAN 419 25.4 T JETRI wAE 1500 90.9
Income source 5 Tk 1232 74.6 Relocation plan el 151 9.1
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Fig.2 Hypothetical model of perception of human-water relationship and its influencing factors in the lower Yellow River
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Fig.3 Effect of relationship perception on function perception
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Table 3  Validation factor analysis of farmers’ perception measurement model of human-water relationship in the lower reaches of the

Yellow River

W R

fii%m ble Meailjmfm Unstd. S.E. 1 P A C.R. AVE
variable
KEBGHEERR RWREI 1 0.872** 0.836 0.569
Relationship between waler resources RWRE2 1.067 0.026 41.036 ok 0.898 ***
and ecology RWRE3 0.732 0.029 25.626 ok 0.596 ***
RWRE4 0.765 0.03 25.668 *ok 0.596 ***
USR] 35S RWCT1 1 0.805 *** 0.758 0.611
Relationship between water culture and tourism  RWCT2 0.646 0.056 11.641 ok 0.757 ***
7 R LT fE EWF1 1 0.861 *** 0.937 0.882
Estuarine wetland function EWF2 1.131 0.036 31.051 ok 1.011***
A AT RE EFHI 1 0.857 *** 0.920 0.852
Ecological function of habitation EFH2 112 0.035 31.973 ok 0.985***
SUA IR AE CTF1 1 0.920 *** 0.841 0.650
Cultural tourism function CTF2 1.008 0.026 38.769 ok 0.909 ***
CTF3 0.549 0.024 22.448 *k 0.527 ***

Unstd. : dEprAEAL H 2% Unstandardized regression coefficient ; S.E. SR Standard en‘or;}\:ﬁﬂﬁpﬁ[ﬁ%ﬁﬁ Standardized regression coefficient; C.R. ; HAEERE
Composite reliability; AVE ; -3 5 22 4B Average variance extracted; # % 3R P<0.001

3.4 FEMBAGE SEIE

BB IE R BRI AR 45 J7 RE R i M1 BEAT RS0, B AL 45 RN SR 4 PR . 3R 4 Rl U, 90 8h
45K R R A PR LA AR A 5 B Wb, 5 BN T B TE . AR Amos B IER S B IESE bR {E AT &
BRI 22 ) K B R 5 A AR G R v AN I 4 ZE B 22 ), RWRED F1 RWRE4 . RWRE2 Al RWRE3 |
RWRE3 Fl RWRE4 Z [A] B IEFE R R , LR I e Al e, e2 1 €3, e3 Fill e4 ZHIAYILASER (K 4) .
M 4 AT LU B IR M2 BT LA 18R 15 2 0L , 8 NS HEIRSECP A 6 ik B AR, {UA
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Fig.4 Final revised model

R4 EEMIFRE M2 S EHLE
Table 4 Comparison of fit between model M1 and model M2

F8F5 Index CMIN/DF GFI AGFI NFI IF1 TLI CFI RMSEA
FIWARME Judgment criteria <3 > 0.9 > 0.9 > 0.9 > 0.9 > 0.9 > 0.9 <0.08

%Y M1 Model M1 53.904 0.836 0.738 0.785 0.788 0.709 0.788 0.179
A M2 Model M2 10.698 0.947 0.911 0.96 0.963 0.947 0.963 0.077

CMIN/DF. £77/ H i & Chi-square/ degree of frecdum;GFI;ﬂl%ﬁEE Goodness-of-fit indcx;AGFI;iﬁ%Tu%ﬁth%‘ﬁ Adjusted goodness-of-fit
index;NFl;fﬂﬁ*ﬁﬁ‘Fﬂﬁﬁ Normed fit i11dex;lb‘l;l%ﬁ%¢uﬁj“§ﬁ Incremental fit Index; TLI: 35758 - X5 Hi8%% Tucker-Lewis Index; CFI; b Ac M il i&E 18

R Comparative fit in(lex;RMSEA:ﬁ{ﬂﬂﬁ*Eﬁ% Root mean square error of approximation

3.5 ZEH RIS R

F 457 77 R B AR A3 A 25 SR (3 5) WA, B8] R iR P 7K B85 A 5 1 O 38 SRR L A b A= 25
IHREVEAL BAT 1E 8475 F (bR A2 R 500 0.328 ), Xof 3] 113 1 T BB 1At BLAT 1E 1814 (b AL i 42 &R
R 0.207) B 1 AUEE 2 BST . KRR JE AR M A 2R IR 0] 1 M 0L = s [ B Bh ), F 5 4 R
N IERAN UK R 5 A R B R WA P | BENS TE 4 A0 BT R R G SO sl A S T 2 F A A
MR ZLME TR ARS8 4 SR — 2 S T XK BE R A4 28 56 R ARt mT DA S 34 v o) e A i 2B S ) B
B AU, OE A AR R, T AR AR P B RS A AT ) A OO 2 T R T — e P -
IKOCFRINAN P ER AR, B BIOK 5 AR 28 R G0 0 51 % G 3 W DARR i A 7 %) J A b A A T BE (R A i, 2 i 2
PERET] R i AR R T
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BT R EA X 7K AR 5 iR 19 DG 2R 19 B HOGTRT 1 30 b T R PP LA TE 1) 4 T (BR A AR R ACH
0.112) , %t J A s A2 S D REPPAG HAT IE 1 A (PR AL % A2 R R 0.086) |, Xt SCARR T S BE At HAT TE 1) 2
M (PR BR AR RO 0.277) Mk 3 ARBE 4 i 5 GE, ARl J5 S A% 7K B B8 3R 1 il K SCAk, 78
SR EAS A T RERS A AN E . A SCIER] T 8T A XK S5 i 7 56 28 IR REAS 52 0 X 1
TN RE a0 I RE SR D RERYPAL . IATUK UL SR G R R BHERY AR P |, B R B AR S B
SEER SO 2 Fe it B DTG R D RE s A b A 25 T BE R A B R T A 5 He BB A A USCA R i %) 2K
E At 2x | 00 H R SO, T SCARTR T DI BE A P e it g o PRk, IA RO SCAR A5 i T 5% 2R SR PR A
FUAEPFASTAT DR MBI RE | R A i A= A TR | SCAL R I8 D) RE I IRt e vy | TV S o 5% %t B e ) 9 K

K5 HHARKIRESWER

Table 5 Structural equation model path analysis results

PREIL AR R AL
%42 Path Standardized path t P
coefficient
N . KFERGEERXR
AL AT KI5 5T
) . L Relationship between water resources 0.328 12.059 <0.001
Ecological function of habitation
and ecology
. " KA SRR EE T
R I SCAL T il XA
. . . . L Relationship  between water culture 0.086 3.098 0.002
Ecological function of habitation .
and tourism
S " KEFESERLR
] D KRR A A
. . Relationship between water resources 0.207 7.809 <0.001
Estuarine wetland function
and ecology
s TR AR SRR G R
- ———
Ay }J.ﬁb . Relationship between water culture 0.277 8.877 <0.001
Cultural tourism function X
and tourism
o N KA iR &
T L D e JOL.{JC lﬁ).ﬁw'ﬁé?
. . Relationship  between water culture 0.112 4.105 <0.001
Estuarine wetland function X
and tourism
N \F| THRE 1 - ?\5 ThEE
T M 21 . SRS INRE o 0.204 11.471 <0.001
Estuarine wetland function Ecological function of habitation
Tyl Th Bl Y KIfE
AR E I RE SR AE AT RE 0.268 10.578 <0.001

Cultural tourism function

Ecological function of habitation

4 WiEELHRR

41 g

ARSCRFET XTI FUEIL AR 10 DN E AR P L 1651 i), M EEER L AR L, HAELK
P R AF AN M, FR R T (R R T I B AR TR B, R 2 AR IR B K HL 32 0F 1 3 IR
F R, BRI, 0] 36 92 R FH 104 2RO 03— X — TR 9 7 50 B, ) ) R 32 4% e e, PR 0 ol 80 2 g [l 22
5 IR, F H] ) 32 4 A 5 X6 T L P B AR B ) 45 Tl N D T e 3R [ R 3 L A K T 75 SR IR R 52
Wel, FE R AT, AR 38 SR A B A0 SRATE A B B AL RN 5 A (EL P 22 B A 300 S 4% 24 ARt 1] 55 2 1 PR
il , AT e 2 H AN EOR B S 2 [ B B 4, 7RIS b, o T X B SR ) H A AN 2, T3
TELEHE Ty A A e PR A Hh B S e B A — W A8 e Bl 30 MR, (A AR SCTC IR R D e PA 5 UK S ¢
FEZRIER, BEAh, BT B ETEXT AN-IKOC RS W58 30 /0 AR SCHE 4 L0 Al i s i B AR 8 A i AR ik, 3
A REXT R H & A T
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E A FFFE S5 e W] REE DA BREEAT R A7 A 35 T IE 1] 5200 >0 5 /6 — R B AL 22 SO 57 T, RS2 )
SO E s ST S A ARG 31 ARSIl 2 1 B R AR P KRS KRS K Sk
TR, R RL T KBRS A 2SS R MUK USRI G R AP i, P TR S A B R R X — AL &
T PR AA R AN S RO R B K LS AT R A A 25 AR NE RO A HE K 22520 & BAY 2R S BR IR X
— [ T A R TR BEIRS AR AR R B IAR S . A RV X LEREBE K AL HEAR A 25358 1
MRS I8 2R X TR GRS AR A O RN T i AR P 2SI [ SN B R 2 S B0 T /K A  f2
ol D S8 SRR LR, Lt 2 BNV ) BB AN RS 2 i e 1 4t 2 285 E 09T 11988 b D) B 114 1 553 ), %o
THREE Ao RN ZA T AR RA KA, X TR SO R SC R IS B 3 i 18] £ 4 P X i)
SR IR AR BYRATLL RS BT SO 5 X SR, 1 i X R SO SR B 56 AR BTN E . S A P I 2 ik
i 5% DX BRI SO AR | J5aed BT SO XCURBO ZS  TIR A A X 7R SR SR 1 O 28 38 S 1k R AR R JEE
SR A 2 B[R] 5447 4 B B B0 SCAR TR W 4 EL 22 B A i G A 15 BB 3R T A M (LAY, Rl 2 X 3¢
R BFIREVFO BE g . ASBTFEAG A LB Z5 RS A 4ne a2 4 LARAT . XS R B L £ A E S IR
A AL BN AR XA ARSI A IR R LUK TR A B K A 2 KRB
IR SCAEEZE B PRSI | AT LE 80 4] i DX s N5 K PS5 FR 58 Z IR A AH LS 0)

Mo ABRGRE A RP S SR A0 ST 0525 M -/K 58 G002 A 2220 25 AR S8 Y B 2021
GO B AARA FE EJR-K R G A 25 A DG R O NK RGN R R, TR A
SRISAAT o BEAEIK BT IR 7K R 55 I8 B AT g 5 1 HOAS: 8, (LN T % A 25 ik 2 SCAR B — # A, 3o
N-IKRGe ik Z S5 AL R 20, A BERE AR S AL RS RGP RS A S d RS EH, ARG
TET MORBEIG A AR R IR IR R MRTT AT 554 1K AE SR SCALEER R T 8T R ik
R B A -/K R GERZE R AL, 2 1 N -K O R A58, U T A K RGN REIN IR R %42 . SR, AT
FAFAERIA R AE TR BEHUHA 2 A2 A5 T RE 5 BOR A G , A REIE W IE 18] A4 P N -7K O 28 BRI AT AR L B
FRSCRFIE . I ARAHIT TN 1 — 2N -7K 5 38 S5 AR BT 1 DX e AR R4 22 S e ik, SR 0 K R B8

ZER AR R SR BE W2 R 2R, HE B 7K R G 98 M) 25 A O 3 RN VA 2 A0 E ml i At -4 B R &
IR
42 458

P TR T WA X A 7K 5 2R B SRR B G o DR 2R, 0 Y 4 PR NG ST AR 2 PR 0 5 v o A T
BRI BA T B A SCRATIA TRBIRS A SRR ARG IRIEC R a4 2SR T 1 i
IR SCALHRUF DI RE (BOR SRR AN A 1 BT A A -7K 5% R B R HE2 Wil TR 3R A 45 4 O 7
By FEAS 8 MBEA 5 MR E] THRUE, 45REV] A — AR B S AE A AR AT IE [ R R
FE A Z5 D BEFNTT DR N RE R IAL .l I A P R AR & RO B HE B I K LA A R A e 254k
HERY AL HE K 232 miX A S FH A AR AR BREER TR A PR TR BRI S A 8O R AR AR B, R R X 8
FEME K AN AHEAK OO AR S PR3 R WA A AR 24 P o T K BE 5 AR 25 50 RN A P B[R] ik SR

SN 23 S EOH T K BRI £ 20/ 28 A5 10 A AT, e 2 B0 TRk 6N RS M 2 3l s £ il A 25 2 RE T
PR I RE AT 55 3 T BE AL (ER I ZAT7 A2 R A R . 5 = A XK SCA 5 i i 5 & 19
PIHIE [ 2 W O J A AR 25 DB ] FHR M RE AN SCALTiR B DI RE A A o 38 aed 9] 2 4 P X 3 T SR 5 R Y
ST LA B SCA S XY SO B, 1 i XK SCAE SR 7 5 2R TR R IE o 254 7 DAy 21 MR 9 55 DX R
T SCAE SR AR | 2R i BT SO 3R X 22 IR 24 % 7K SO S ik i 5 28 B P IR R BE TR A 7 2%
S [ 5447 42 B B S SCHTR i Xoh 4 B 28 B e R SR BE AR T TR S T AT O (LAY, R e X SCAR TR i 2 E
PEOYEE G B = AR AR A A D RE AT R D RE SO T D BE DA L 1) B2 R R SR = AR
ARAFRNEUE , AR SCHIFFE 25 2R 08 i 58 T AR P BN 221 18\ -7K 5C ZR G5 1, 4878 N-/K RGN RE A 2w Bl ], A
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