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Quantifying the payments for ecosystem services and the value of natural
resources based on the indicator of optional capacity value. a case study on water

resources supply in Zhujiang River Basin, China
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Abstract; The ecosystem services ( ES) optional capacity value (OCV) indicates the optional capacity of supporting the
total value produced by human being’s economic and social activities (TVPH) provided by the total volume of an ES which
is indispensable to human survival. The OCV is described by the product of multiplying the TVPH by the optional capacity.

The optional capacity is defined by the freedom of choosing the ES consumption from total ES volume, which is indicated by
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the average uncertainty of choosing the ES consumption from its total volume. The average uncertainty is described by log
base 2, which indicates the uncertainty in a binary decision and is measured in bits. As combining the socio-economic index
(i.e. TVPH) and the ES indexes (i.e. total ES volume and ES consumption), the OCV indicates the socio-economic
conditions and the ES conditions at the same time. As the OCV describes the complementarity of development and
protection, the usage of OCV in ES management will promote the endeavor for ecological civilization. However, how to
introduce the OCV into management practice is still unclear. Especially, the method of how to introduce OCV into the
frameworks and methods of quantifying the payments for ecosystem services ( PES) and the value of natural resources
(VNR) is needed to study urgently. To explore the frameworks and methods of quantifying the PES and the VNR based on
the indicator of OCV, we analyzed the OCV of water resources supply in Zhujiang River Basin, China. Then, the PES
between hydrologic units was discussed based on the OCV of ES spatial subsidies. The value of water resources in each
hydrologic unit was quantified using the OCV of water resources supply. The results showed that the OCV of water resources
supply of the hydrologic unit was supplied mostly (nearly 74% ) by the subsidies from upstream hydrologic units. The value
of water resources in each hydrologic unit ( except the Zhujiang Delta) was more or less affected by the socio-economic
conditions in downstream hydrologic units. We discussed the framework of the PES along with the principles of (1) interests
sharing and responsibilities bearing, and (2) equal pay for equal work and based on the OCV of water resources supply of
passing-by water. We also discussed the framework of water resources value quantification based on the OCV of water
resources supply in our case study. It is obvious that these two frameworks based on the OCV will coordinate the

development between hydrologic units and promote the watershed ecological civilization of Zhujiang River Basin.

Key Words: ecosystem services value; optional capacity value; payments for ecosystem services; progression of ecological

civilization; Zhujiang River Basin
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Fig.1 The Zhujiang River Basin ( Pearl River Basin) and its seven hydrologic units

AP, ES, /KSCHTTIA p A ™ AR AR R A K BT DR N B 5 ES, /K SCERIT N oK [ T MR A ) 7K B¢ PR AL

it ES, JKSCHITN ANEA TG Sh BTN 2 K BT V, P2t s B E; V,, K SCHRITN AR

Mo R IR B SR AL A e PR (s v, K SCERITIN h MR A K TR BN BT S (A P A B
TERE , ABRYT SR 7 /K SCHIC AR 00, MK STIRBE R AT sE P A A (P4 . Herh A& That

S SR HE XN B E N A 7 BE SR T
5 HIRER

AR SCIATTITEEAZ (R K BRI AE R (B, LA 2016 4F K491, 20 0T PG VT i Be Rk — £ 9 43 1 e 30 1)
269.5Z. m* | 1611.6 42 m* F1 3473.5 42 m* i BE /K 43 i #2417 0.1839 J5427T - HLHE 0.9584 J7440T - LA
18.4487J74Z7C « WARMEBAEME (R 1) o SRR ZE WU BRVT ISR 98 IR AL A e B2 f A
B2 37.6100 T4L0G - HAF(FK 1),

F1 7E2016 F,BFRITRB &K AT =2 1 B &KL EITAM =7k B K38 TT 2 B 5k riR dhpak S5 R At I i g R EMME(Y,)
Table 1 The optional capacity values (OCV, V, ) of water provision experienced by each hydrologic unit of Zhujiang River Basin in 2016,

which are provided by local water provision of each hydrologic unit and passing-by water from upstream hydrologic units

K B KGR B AR A RN V,
Total volume /(x10° m*) Usage /(x10° m?) GDP /(x10"70 HeiE) ) The optional capacity values
mdL#L 29.56 4.78 0.6373 1.6753
LIMNYT 105.98 9.17 0.5626 1.9863
Rk 26.95 0.1839
IS 35.70 7.87 0.5745 1.2532
POVLT e B 83.48 10.38 0.6179 1.8583
Rk 161.16 0.9584
Jeir 69.64 5.26 0.4109 1.5315
AL 41.95 4.51 1.0488 3.3746
BRI = 37.93 17.10 5.5161 6.3399
Rk 347.35 18.4487
S Sum 939.70 59.07 9.3681 37.6100
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Table 2 The optional capacity values (OCV, V,) of water provision provided by each hydrologic unit of Zhujiang River Basin in 2016
A H M AE The optional capacity values V,/ (107G - H4F)

AR kA0 MR i ?IJE?IT*‘(}??E& i B = A
Local service Outp]_n to_ Hong- O,utput to Xijiang Output to Zhujiang Delta Sum
Liu River River Lower Reach

Rl RN 1.6753 0.1839 0.1603 1.4314 3.4508
LML 1.9863 0.6066 5.4175 8.0104
ARV 1.2532 0.1915 1.7108 3.1555
VUYL T e B 1.8583 4.1747 6.0329
Jeyr 1.5315 3.5793 5.1107
ARIL 3.3746 2.1351 5.5097
BRI =4 6.3399 6.3399
St Sum 18.0190 0.1839 0.9584 18.4487 37.6100
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