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Abstract; Maximizing the role of ecosystem services in promoting household well-being, as well as ensuring ecological
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BEE&WAB . #FHASGER H (24YJCZH025) 3 T RIT A 2% 3 11 ( BWQB2023017) ; F KT B 28 B 2% 3 4 (2024NSCQ-MSX3043 ) 5
&P B2 NSRRI H (24SKGHO75)

15 B #1:2024-06-01 ; R P HH8:2025-01-16

# W IHAE#H Corresponding author. E-mail ; chentiantian@ cqnu.edu.cn

http ://www.ecologica.cn



2226 xR 45 4

ecosystem services on household well-being mainly focus on either macro or micro single scales, with limited attention given
to their cross-scale associative effects, causing a one-sided understanding of the complex impact mechanism on household
well-being and the limitations in policy-making. In this study, taking a typical karst region of Huanjiang County as an
example, we constructed a household-village hierarchical linear model based on estimated ecosystem services and survey
data from 677 households, clarified the spatiotemporal characteristics of regional macro-level ecosystem services and
household well-being, analyzed the cross-scale direct and indirect impacts of ecosystem services on household well-being,
and propose targeted optimization strategies. The results indicated that (1) From 2012 to 2020, ecosystem services in
Huanjiang County showed an overall increasing trend and significant spatial heterogeneity. The average score of household
well-being was 3.51, with safety well-being scoring the highest at 4.30 and income well-being obtaining the lowest score at
2.68; spatially, the regions with high household well-being were distributed in the southwestern of the study area, while
regions with low household well-being were concentrated in the northeastern regions. (2) Individual characteristics such as
age, education level, and previous experience in a poverty-stricken household, significantly impacted household well-being.
At the village level, improvements in food production, scientific education, and air purification would directly enhance
household well-being, and air purification had a more pronounced role, showing the satisfaction of material needs and the
pursuit of high-level needs for households. (3) Carbhon sequestration showed an impact on individual characteristics such as
education level and age, thereby generating a positive cross-scale correlation effect on household well-being, emphasizing
the critical importance of ecological restoration policies; food production exerted an influence on age, thereby generating a
negative regulatory effect on household well-being, revealing regional social issues such as insufficient young labor force and
hollowing out. Compared to provisioning and cultural services, regulating services exerted a more significant cross-scale
indirect effect on enhancing regional household well-being. In ecologically fragile karst regions, there should be a focus on
improving critical regulating services, and effective measures need to be carefully formulated to alleviate the issue of rural
depopulation and low education level, and then optimize the welfare effect of ecosystem services and achieve regional high-

quality development.

Key Words: ecosystem service; households’ well-being; cross-scale correlation; hierarchical linear model; huanjiang

county
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Table 1 Characteristics of the surveyed residents in Huanjiang County
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Socioeconomic . Socioeconomic .

. Category Number  Proportion . Category Number Proportion

characteristics characteristics

el 5 416 61.40 || MREEE = 275 40.60

Gender & 261 38.60 Previous experience as a & 402 59.40
<30 33 4.90 poverty-stricken household  JG 32 4.70

G 30—39 88 13.00 || ZHERE /N 283 41.80

Age 40—49 173 25.60 Education level PR 244 36.00
50—59 238 35.10 R LR 83 12.30
=60 145 21.40 KL 35 5.20

s P 611 90.30
Marriage = 66 9.70
F2 WEHTEEEKE
Table 2 Source of village variable data
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Data type Spatial resolution Data sources
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Fig.3 Spatial distribution of six kinds of ecosystem services in 2012 and 2020, characteristics of spatial and temporal migration of center of

gravity and directional trend of spatial distribution
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Fig.4 The values of well-being in Huanjiang County and satisfaction scores of welfare indicators
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JEGLR AT (3.49) , FEERBUEAY) Bt SRR AR AL 1 192257 5 BR2 etk At , A [Rl4F ¢ Bery 4 78
ZUARALRIZE S ARALE LRI T RE S H 30 % LUR AL 60 DL AT T 30—59 24K A TS
Rl SCACRR AR P g vh Soh & 22 A P A AR N2 G A die i, K& S DL 22 AR P g AR R B

£3 WNIEFARHSEFHUEZHERPBRILES

Table 3 Differences in household well-being among respondents with different socioeconomic characteristics in Huanjiang County

. N ” HE (77 5K . - LG A
N o PR g %2l A L
Socioeconomic characteristics Category i Health Security Income P .
demand well-being
el Bk 3.72 3.38 4.36 2.69 3.59
Gender Lotk 3.55 3.40 4.21 2.65 3.48
X? 13.18 " 0.03 9.99 "~ 0.08 4.94**
BRI = 3.72 3.53 4.30 2.75 3.62
Previous experience as a o 3.61 3.29 4.31 2.62 3.49
poverty-stricken household X2 291" 9.41 """ 0.06 2.63 532"
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a3k
HLA ST *oy WABIER e G4 A G A
Socioeconomic characteristics Category Basic material Health Security Income COmpOS}te
demand well-being

s b= 3.65 3.38 4.30 2.68 3.54

Marriage & 3.67 3.46 4.29 2.65 3.57
X2 0.49 0.57 0.36 0.01 1.00

RIS <30 3.73 3.56 4.58 2.97 3.70

Age 30-39 3.51 3.18 4.26 2.60 3.41
40-49 3.64 3.30 4.27 2.56 3.50
50-59 3.62 3.35 4.29 2.60 3.50
=60 3.81 3.65 4.33 2.91 3.73
X2 13.68*** 20.16*** 4.85 10.20 ** 21.43***

ZHERRE X 3.54 3.12 4.38 2.72 3.43

Education level N 3.61 3.31 4.25 2.55 3.48
wh 3.68 3.40 4.29 2.65 3.56
mh R 3.79 3.71 4.36 2.99 3.74
KERKL L 3.67 3.50 4.57 3.03 3.66
x> 6.71 12.14** 5.88 9.81"" 10.72**

# P<0.1; *#% P<0.05; =*=% P<0.01
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Fig.5 Spatial distribution of single-dimensional well-being and households’ comprehensive well-being in Huanjiang County
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TIRERBERI T, RG2S (RS T ) T8 A 4L N AR OE R L (TCC) AT, R ZE AR Ak A1 (1CC<0.059)
LA A T V0 A 27 T 3 e U2 2 T A AR R A B2 T AR i X R AR i A R (R 4) o Hob R P i B Ak
) ICC=0.092>0.059 , MR E K P L5 A Ak i SRR 9.2% K A TAHIE S, 90.8% Kk A T A2 5 A
YR R AR HERY ICC =0.109>0.059 , & W FLAY) B 75 SR AR AL 1Y S BT PE A 10.9% 2k A TRH2E 57 A 89.1% % A
TR S B ML) ICC=0.076>0.059 , ) W H A REAR AR BT 7.6% K H TAHR2E S A 92.4% % A
TR S IAMRALRT 1CC=0.077>0.059 , Ut A SR AL S BT 7.7% K A TR 2E R, f 92.3% KA T
MEES

F4 THEBI(EALD)
Table 4 The results of the null model

E% b2 k% i e YA REL
Variables Standard deviation ~ Variance component IccC
HAY BT K Basic material demand

21 [H] J7 2% Between-group variance 0.216 0.047 28 108.396 10.90%
N5 2% Within-group variance 0.619 0.383

{dtFf Health

ZH[H] 7 2% Between-group variance 0.265 0.070 28 81.485 7.60%
N5 25 Within-group variance 0.924 0.854

WA Tncome

21 [E] 77 2% Between-group variance 0.319 0.102 28 82.205 7.70%
2N J7 2% Within-group variance 1.107 1.225

4 Security

21 [E] 77 2% Between-group variance 0.109 0.012 28 40.817 2.01%
4N J5 2% Within-group variance 0.765 0.585

A P LA Ak Composite well-being

#8772 Between-group variance 0.189 0.036 28 93.848 9.20%

ZH N J7 2% Within-group variance 0.595 0.354

4.3.1 M AR AR AR HE R B R

TEZS AT YRR | HE— PR A AR S0 Ae AR R B BT (3R 5) o SRR R 25 5 AR
1 10.29% 1 25 5 BERS B MRS B AR | 19.49% 1) 22 S RES BN VR B i e . HLrb 4RI 2 BE R (BTN
TR P RS AR P25 A Ak Y B 2SR A i R HIb Hle (Hle o7, BP, S2 20 PR AR R
ST P A HAR MR K 158 7RSSR I b AR A 2SR B R SR SR A AL R I A
KB H2a H2e (H2f JR07 o BV ARED™ Ry | 28 STl , SO0 s O A P Ak 7K P o

()R, AR 5 A 2 T 72 0 B — 4 PR AR M ) DR 0 22 S T I o A DA B o A ) Jo 5 SR AR Ak Y
R B, IR 10.2% , X EEHE AR AL B RER A2 9.5% \7.4% , BARTF , M5 (3O FAY) R
SRAFMERA RFFW SO T B otk aen T2, a2 8 5 M 55, ERE R BIAR BAE47 i B 284 19 2
T3R5 R P X R AR AL A 52 I Fi A, T R DR DA R TR B L B2 w5 3 R P A B T B 280k T IR 7 il
5 SRR T IREE 52 O R BRI AR AR RS MA f A, S AR RS2 HOR R BE M MO R TRl 20T
o, FETARAT RSO 5 AR BT AT A Ak b X S R Ak ) 52 I R A, BB AR P AT B R, HOX 2 iy 12 7 R i R it
JEEBS R, X R EE AL s A | AN A X ft RREAR P i R R i i, G5 B 409 , X FEAR W B OR RO SR AR
HER SR RER I 735 0 4.3% 33.3%  Forb R AR P XSO AR HE A2 e oK, BIVRRED ™ i | oAy 1) 4R 7
PG s Bh7 208 T [ 2R A B SRAR AL , S 3% )2 U SR S T 4%, 24 S 3 g B A fk ) 4K 5l
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Fetk E A 20 R I LT 2 A0 (e BRI B9 52 Wi A K, BRIV DXl A 2 o A 7 T B A e
F5 FEVIRHBEFEER (KRB ) MBREARE (EEI) PER

Table 5 The results of the random coefficient regression model and the intercept model

— Rk P A GA L
fent Basic material demand Health Income Composite well-being
Variable

B 11 R T (g | FAL T | R T A I
AMARJZ T Individual level
51 Gender -0.11632"" 0.10189 0.04502 -0.04672
WA A
Previous experience as a 0.13809 ** 0.26586 *** 0.16763 * 0.16623 ***
poverty-stricken household
WS HH Marriage 0.02889 -0.10429 -0.02237 0.01474
ZHBEFEE Education level 0.05378 " 0.17556 *** 0.19981 """ 0.10093 ***
AEHE Age 0.07449 *** 0.15580 """ 0.10877 ** 0.08860 ***
FHSJZTE Village level
7=IK Water yield -0.00049 0.00188 0.00087 0.00004
FHE4HF Soil conservation 0.00311 -0.00252 -0.00673 0.00054
[E##% Carbon sequestration 0.00016 0.00183* 0.00171 0.00058
B Food production 0.02256 0.05634 " 0.12263 *** 0.03907 **
N =
T’L%%ﬁ.ﬁ . 0.00019 *** 0.00008 0.00002 0.00011 **
Scientific education
23
R 0.07712 0.18017"* 0.12724 0.11092°*
Air purification
2N :
Al 22 . 0.451 0.045 0.487 0.042 0.107 0.068 0.365 0.029
Between-group variance
4
,E'V\]'?:Tﬁ . 0.344 0.383 0.773 0.854 1.134 1.225 0.318 0.354
Within-group variance
R Interpretation rate 10.2% 4.3% 9.5% 40.0% 7.4% 33.3% 10.2% 19.4%

# P<0.1; #% P<0.05; #%% P< 0.01, ™ME)2 AR ERE =0k ~0fuwn )/Thon 1 3 MHUZ AR BEREE = (Toopm 1 ~Toosmm )/ Tookm 1

432 BRGNS XA KL R

HEZS R G55 AL B R WA P AL, 3 n] S A P kR S 2 BRRRAIE (] 42 9 5 A P ARk . it ARSI
JHERG R DA DR B 4 5 AR TR D A, B4 s AR S R G 5 XA P 255 A A 5 RURE ] 229 R0
URERW (3R 6) TEM B A IR EHTR AR, WO AR N BTN P 5 P 235 ik 2 38 R % HEL 46 D ik
B H3a, FERBARAR NS TR SO 4 32255 3h 7 R[] A9 B a) 4l 25 5 20505 30 67 fif
A E AR AR R 5 AN B A i e B 75 B IR P XA P £ G AR AL (9 T 22 Al R R O L, IBOAS A 44 1 4%
YERI(ERT) o RHEORRrE S 2 A R B XA P 3B AR ME I 7 22 i R g 0, A D9 1 28 8 fR3E H3b AN
Lo [EBRZNMAERE 32 BOR RERE AR RS R T G0 e e LR T o 8] ARON AR R ZR S AR AL £ T, B H3d
AT, HH DT 25 MR 030 24.70% 30.90% o SR BT F IRFFEAR AT EALTE B TR AR 08 AR S IR Y
Rl LA ok T —E B BF AL, s 1 AR AR AR I T | ELAR P 2 DB b A NS IR ), S AL B
O R . PR 0 S X 2 o R A s, T 3 B S I 1) 9 SR e R P 25 S AR AR T
fBisE H3E oy, HI T 22 BER N 7.35% , S T B2 208 10 58 35 A A TR S A 1932 208 KT R i i
AR ARG
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x6 TEEBER(HEMN)
Table 6 The results of full model
[ %L Regression coefficient

A ‘ TR [Pl ML B e d
. [RN L . Lo .
Variable . Soil Carbon Food Scientific Air
Water yield . i . R .

conservation sequestration production education purification

B A A

Previous experience as a poverty- 0.00102 0.00393 -0.00099 -0.05186 " —-0.00001 0.07515

stricken household

SZHTF R Education level -0.00048 0.00489 ** 0.00199 “**  0.01628 0.00007 * 0.00915

S Age 0.00088 0.00238 0.00092 * -0.02184 " —-0.00004 -0.00515

# P<0.1; %% P<0.05; #%% P<0.01; DMAZHEANAMBE 1A E5 54w bk o 35 o i

RT ESRGERSEREABBRASESEUNFTERS

Table 7 The indirect effect of ecosystem services explains the variance component of households’ comprehensive well-being

A5 Rt Ty % K2 J7 2R
Variable Original variance Conditional variance Explained variance ratio
[& 8% i 55 Carbon sequestration

ZHFE Education level 0.0068 0.0047 30.90%
AR Age 0.0073 0.0055 24.70%
R RIS Soil conservation

ZH B RE Education level 0.0068 0.0071 -4.41%
BHEHE RS Scientific education

ZHFE R Education level 0.0068 0.0063 7.35%
=% Food production

HERY Age 0.0073 0.0071 2.74%
RS AR P

Previous experience as a poverty- 0.0192 0.0275 -43.23%

stricken household

5 Zig THESEIN

ARSI TR S X —— PRV LR O A1, i 2 WA 2 R G IR 55 5 AR BOIAR IR R 2 TR 7 - 2 1 BUZ ik
BRI, Y 2 R EMAERT T AR S R GRS WA 7 A Ak RURE R 0 1) B IR AR T, 45 2R R 1T
W5 X AE S R GEMRSS LA R ) B A AR T H IX AR DG e 28 2R — B0 s AR P ARk 1 52 B AE W 2, HL
LAt 4B T X R A RAAIA %, A A R G IS AR AR XA P AR AR ™ A 1 S35 BRI
Horpr AMAFRAE T BRAFIR 52 0 R HE AF CBOIE I 5 4 P Akl 2 AR DA BT R AR S BT IR P A X
JUEESC R ), EEA N TAZX N 2 B2 TR BUR RS A S A R ], AR B
B G RE R T 2 HHAE R AR P G A, B OB VR T 3, F2 2 R e SR R )l X
AR TS S A RGeS TR, R A P B RN AE T35 PR B s o 1 AN RIS IR i 2 A R 758
RIS S ORI T A I B O AR A A TS T X TR P S A AR R B L, A RGNS
i )Xo AN AR B R2 W], 2 XA 5 B Ak = 2R R T, e rp LA 1Y AR 55 OS2 i de S i, R
RBFIE R 30 F A5 A AR A A it T LA AR e L [ B R g, DT A Rk e 4 4y, 4R 1 o e A B R ok
T e A SR R IR ok 1 A A A0 Il b 57 (P AR 145 ) ETTER TR P 28 S fd Ak, e 4h,
SAHDCRF ST H A HE 2 R 45 % AR P A kLA 0 3 1 R VR A A58 R TR SR VL B 2R 7 2 X AR Y it
TR , X A P KA A SR e R A P RO RS G 55 T ey AR KR AR 55 s ik, ik
Z SR AR B B4R P SO TSR 2553 1 (B RAL SRR 7 50— J7 T2 I EE 24 B0 B A
G, RIS e s, 25 5 S EUE SR 51 R S RGN RE ALY ARSI, S
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Fig.6 Decision suggestion framework
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