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Abstract: Among the ten pilot national parks in China, the Shennongjia National Park possess distinct ecological values
and a significant ecological position. However, scant research exists on the trade-off/synergy relationship and supply-
demand balance of ecosystem services ( ESs) in the newly designated Shennongjia National Park, hindering effective
ecological management and value realization. Drawing on assessments of water yield, soil conservation, carbon
sequestration, water purification, and habitat quality in Shennongjia National Park from 2010 to 2020, this study employed
correlation analysis, hotspot analysis, and a trade-off/synergy model to investigate the interplay of ESs, utilized the supply-
demand ratio to assess the balance of ESs, and ultimately determined the value of residual ESs employing market value and
alternative cost methodologies. Results show that: (1) the aggregate quantity of ESs in Shennongjia National Park showed
an upward trend. Water yield and soil conservation decreased first and then increased significantly, while carbon
sequestration increased first and then decreased. The spatial pattern of water purification, carbon sequestration and habitat
quality was relatively stable, with key factors including rainfall, altitude, vegetation type, among others.; (2) with the
exception of the robust synergistic link between water yield and habitat quality, the interactions between paired ESs were
predominantly trade-offs, particularly in the northwestern sector of the Hubei Shibali Changxia National Nature Reserve and
Hubei Duheyuan National Nature Reserve; (3) the hotspot zones of categories 2 and 3 were the largest and showed an
increasing trend, while the hotspot zones of categories 4 and 5 decreased over time; (4) the provision of water yield, soil
conservation and carbon sequestration services consistently surpassed their demand, and the overall supply-demand ratio
escalated annually; (5) after meeting the local demand for ESs, the residual ESs values of the Shennongjia National Park
increased from 14.406 billion yuan to 21.662 billion yuan. In order to better realize the global management of the newly
designated Shennongjia National Park and promote the pilot implementation of the national park. It’s necessary to pay
attention to the value of ESs in the Shennongjia National Park, actively explore the realization mechanism of ecological
product value, transform ecological benefits into economic value, and improve the local human well-being of. In the future,
the northwestern part of the Shennongjia national park (i.e., the Hubei Shibali Changxia National Nature Reserve and
Hubei Duheyuan National Nature Reserve) should be the key target place for ecological management and benefit regulation,

and actively explore the value realization mechanism of ecological products.

Key Words: ecosystem services; trade-offs and synergies; supply-demand balance; ecosystem services values; the

Shennongjia National Park
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Fig.1 Location of the Shengnongjia National Park
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$E Data 4332 Resolution [ [&] Time K5 Source
A A 7 5 B 2BR 30 m G 4 b 3R A 55 3 2 W DU ACHE (https:// data. casearth.
. 30 m 2010—2020
LULC data cn/sdo/)
BT SRR 30 o ASTER GDEM V3 % #i 42 ( https://Ipdaac. usgs. gov/products/
Dihital elevation model m astgtmv003/)
g
URER ) 1 km 2010—2020 [ 57 9 e JEUR 22 H5dH Hh 0 (hitps < // data.tpde. ac.en/home )
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e
j:i%%gﬂliﬂé.' 1 km — B B8R 2 (v1.2) (hitps ://data.tpde.ac.cn/zh-hans/ )
Soil data
B = ?:/ é/}ﬁ;“'ﬁ =} . =] \
NPP ¥ 500 m 20102020 RIRBERAHES 57 6 GLASS ..m%ﬁz?}%%
NPP data (https : // glass-product.bnu.edu.cn/index. html )
5% i R
A E%&% . 100 m 2010—2020 NASA WorldPop A F %44 ( https : //www.worldpop.org/)
Population density data
DP % ; .
CDP Eﬁﬂ% 1 km 2010—2020 SERH S1TH 2% GDP BUE4E (https ://www. nature. com/ articles/ )
GDP density data
-
Sk BB — 2010—2020 WAL K FEVR AR (hitps ; //slt.hubei. gov. cn/bsfw/ extw/szygh/ )
Water volume data
geitEdE o 2010—2020 WAL B4 i B G814 48 (hitps . //tj. hubei. gov. cn/tjsj/ sjkscx/
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2 HRAZE
2.1 BB RGMRSME TS
(1) 77k M55
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Y=\ 1- xP, (D)
Px

[, Y A « 17K (mm) s AET, M & 19 S2BR 28BS (mm) 5 P A & A94EF- IR & (mm) .
(2) RO IRSS
IR R 55 2 T8 15 03 F 39837 2K 7 B2 ( Revised Universal Soil Loss Equation, RUSLE) #E47 1Ak, Rl
TTE TR i 5 SR IR B 2 (E) AT .
A, =A —A, =RxKXLSx(1-CxP) (2)
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Table 2 Indicator selection and grades

B Fod IEH. A AN

Indicator Optimal Suitable Sub-suitability Not suitable

K Elevation 2000—2600 m 1600—2000 m 2600—3000 m >3000 m, <1600 m
Y Slope >35° 25°—35° 15°—25° 0—15°

Y] Aspect E/W S/SE/SW NE/NW N/Flat
BE L HE 25 Distance from river 500—1000 m <500 m 1000—3000 m >3000 m

B8 BB 29 Distance from road >1000 m 500—1000 m 100—500 m <100 m

EJE R BE B Distance from settlements >2000 m 1000—2000 m 500—1000 m <500 m

A 5 Distance from farmland >750 m 500—750 m 250—750 m <250 m

WXAE Value 1 0.6 0.3 0

E: 75 East; S: B South; W 7§ West; N: dt North; SE: Z<F§ SouthEast; SW: FiRd SouthWest; NE: Zidt NorthWest; NW . PGt NorthWest;
Flat. “FE3%
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Table 3 Criteria for delineating ecosystem trade-offs/synergies

—HRK “Hurk (LS yivIE Ry
Level 1 classification Level 2 classification Ecosystem services combination
FUHF Trade-offs SRALAE T4 rmrp3fRam2h 21 m3d 1k

S AU 232 2R 2 2 H LR 283w L LR LR
PrIF] Synergies = UpIA] SEdmm i 3m2t2®m3h mardh s

{97! L aqff. 2 34%.3 M2k 4 0 1 {K.51%

2.3 ABRGURS I RS
F A 2 G Ge R M AR [ S A Bl K MR 55 | - S OR 455 I 55 0 1 0k i 55 19 5 SR A EA T VA, BLAR
HWHEITEIT R 4 s,

T4 ESRGEREFREEME

Table 4 Assessment of ecosystem services demands
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Water yield FR =30y Gl i A 48 RS T HAF S A XAGR JC) ;GDP Jy [ A 28 7= B A (J7 I6/hm? ) 5 D, K
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Table 5 Carbon trading price at the beginning of each month in 2020 by the Hubei Carbon Emissions trading Market

fif ] it/ (e i ] B/ (TE/1) fi ] B/ (TE/1)
Time Unit price Time Unit price Time Unit price
2020.01 27.96 2020.05 25.50 2020.09 29.00
2020.02 — 2020.06 25.20 2020.10 27.37
2020.03 25.59 2020.07 26.39 2020.11 29.41
2020.04 25.89 2020.08 27.80 2020.12 27.02
3 EROW

3.1 MARIEZON bl A A R GEAR 55 I 25 A Al

PRI E A TE 20102015 #2020 FAER RGNS TR R E 2 pis, Hor ok e s,
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Fig.2 Spatial pattern of ecosystem services in the Shennongjia National Park
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Fig.4 Tarde-offs and synergies of ecosystem services in the Shennongjia National Park
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Fig.5 Hotspot areas of ecosystem services in the Shennongjia National Park
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Fig.6 Supply and demand results of ecosystem services in Shennongjia National Park
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