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Inter-basin reserved water right confirmation and
allocation from the perspective of ecological priority

WU Rong', WANG Huimin"?,LIU Gang'*, HUANG Jing' ,MU Enyi*

(1. Management Science Institute, Hohai University, Nanjing 210098, China; 2. State Key Laboratory of
Hydrology Water Resource and Hydraulic Engineering, Hohai University, Nanjing 210098, China;
3. Coastal Development and Protection Coordination Innovation Center, Hohai University, Nanjing 210098, China;
4. School of Land Economics, University of Cambridge, Cambridge CB2 1TN, UK)

Abstract: The Autoregressive Integrated Moving Average Model (ARIMA) prediction model of ecological water demand is pro-
posed on the premise of ecological priority and green development. Based on this model, the reserved water rights confirmation
model using ecological water rights is developed. Depended on the confirmed reserved water rights, the feasibility in the recon-
figuration of reserved developmental water rights under the options trading model is explored. The model can avoid the risks be-
tween water buyers and water sellers, meanwhile, it can achieve optimal allocation of water resources across river basins. It pro-
vides a reference for the determination and reconfiguration of special water rights across river basins. The results showed that;
the ecological water demand has changed greatly due to climate change and policy, Tianjin and Hebei do not have the capacity of
reserved water for development, which needs to rely on the unified coordination of the basin scheduling center. and the basin
scheduling center can do flexible price configuration based on the possible use of reserved development water in the forecast
year, which can optimize the economic and social benefits.

Key words: ecological priority;inter-basin reserved water right; water rights option; South-to-North Water Transfer Middle Line

The concept of reserved water rights points
out a new direction for accurate, efficient, and flexi-
ble trans-boundary management of water re-
sources. Research on reserved water rights in China
started from principles of initial allocation of water
rights. In 2005, Wang et al. /" clearly put forward
relevant principles regarding confirmation of re-
served water rights in the article Discussion on the
Construction of Water Rights System in China.

The Interim Measure for Water Allocation exam-

Received: 2020-02-20 Revised: 2020-04-26

ined and approved by the Ministry of Water Re-
sources in 2006 gives following stipulations: "In or-
der to meet water demand for future development
and major national development strategies, the or-
gan formulating water-allocation plans may consult
with the people’s governments of relevant adminis-
trative districts to reserve certain water shares.
Administration authority of reserved water shall be
determined by the organ approving the water allo-

cation plans. " The national Water Law stipulates
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that regional planning within the scope of a river
basin shall be subject to the planning of the river
basin, which clarifies the core of definition of re-
served water rights. In 2007, Fan et al. '*' took gov-
ernment-reserved water into consideration during
initial allocation of water rights in the Yangtze
River basin. In 2013, Zhou et al. ©*/ pointed out that
the setting of government-reserved water rights made
an outstanding contribution to alleviating public safety
incidents of emergent water pollution in water source
areas. Government-reserved water is the water alloca-
ted in response to uncertain water use in the future,
and this refers to a behavior of water storage for back-
up use'*!, However, in the case of no demand for re-
served water, the reserved water will be in idle. On the
other hand, it is difficult to make prefect division of
water rights. This will inevitably result in water
surplus in some areas while water shortage in some
other areas. Therefore, it is necessary to conduct
secondary allocation of surplus or unused water in
order to achieve optimal efficiency of trans-bounda-
ry water-resource allocation.

Confirmation of reserved water rights is based
on allocation of initial water rights. Based on na-
tional demand for ecological priority,it is necessary
to preferentially guarantee ecological water demand
during allocation of initial water rights, At pres-
ent, the most commonly used method for confir-
ming initial water rights in China is AHP (Analyt-
ic Hierarchy Process) which integrates qualitative
and quantitative research”), or fixed-proportion al-
location""), Specifically, AHP-based systems are
constructed with strong subjectivity,and it is diffi-
cult for them to share a unified standard. Thus,
quite different results are produced. The fixed-pro-
portion allocation method is too general to adapt to
local conditions. China started to make statistics of
ecological water demand in 2003. In recent years,
national requirements on ecological standards and
people’s awareness of ecological environmental pro-
tection have been continuously improved. Consequent-
ly, conventional allocation methods are no longer
suitable for confirming ecological water demand af-
fected by multiple complex factors. By comparison,

an ARIMA ( Autoregressive Integrated Moving

c 24 ¢ KXKFR

Average) model has its unique advantages in oper-
ability,and can be used for analysis under multiple
uncertainties'® . The ARIMA model is based on the
famous time-series prediction method proposed by
Box et al. '™ in the early 1970s. It has been widely
used in international energy production and de-

91, urban water consumption

1]

mand *, financial price

(10] . Research on the

,and regional water demand
ARIMA models on different scales and of various
types of water-use prediction shows that such mod-
els have high accuracy.

Shenkar Oded "' pointed out that China’s de-
velopment direction in the future was to introduce
a water-rights market and make full use of market
mechanisms for water-resource allocation. Option
transaction of water rights with higher degree of
participation of transaction agents has been widely
used in the metropolitan water district of Southern
California, the US and the northern part of Victoria,
Australia. This transaction mode makes transac-
tions more flexible and water-resource allocation
more efficient, compared with government-domina-
ted spot transaction of water rights in China. In
1993, Michelsen et al. "**) proposed the concept of
water-rights options. According to stipulations of initial
transaction of water-rights options, when a buyer buys
a certain quantity of water from a seller at a specific
price in a period, the buyer only buys the right to use
the water at certain premiums. When the exercise peri-
od of the contract arrives, the buyer can choose to exe-
cute the option contract or not. If the buyer does not
execute the contract, they will only lose the premiums.
Although the research on theory of water-rights op-
tions in China started relatively late, option transaction
has been relatively mature in other resource fields, such
as electric power', noble metal™®!, land"**’, and

117 Options have also been partially discussed

coa
in terms of water-rights transaction. In 2006, Chen
et al. ' pointed out that transaction of water-
rights options in China should be done based on
units of river basins,and that a water-rights option
exchange should be established in a river basin. In
2008, Wang et al. ') introduced water option con-
tracts as market mechanisms and used them for

water-resource allocation in the east route of the
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South-to-North Water Transfer Project. There-
fore, this paper applied a model of water-rights op-
tions to the research on the reallocation of reserved
water rights.
Considering limitations of initial water-
rights allocation at the present stage, as well as
the policy demand of ecological priority and
green development, this paper presented a new
way of water-rights confirmation. It proposed
confirming short-term reserved water rights in a
river basin in combination with a supply-demand
bilateral coupling model on the premise of ARI-
MA-based prediction of ecological water demand.
Specifically, the supply side is maximum available
water supply of the river basin, and the demand
side includes the three aspects of national econo-
my., ecological environment, and government re-
served water demand *°). In addition, based on
confirmation of water rights, the paper established
a model of water-rights options for reallocation of
reserved development water rights. This can im-
prove the efficiency of water-resource utilization,
and reduce risks of water-resource supply while al-
leviating conflicts of trans-boundary water users
over water-resource supply. Thus, beneficial explo-

ration into reallocation schemes of special water

rights can be conducted.
1 Model construction

1.1 Confirmation model of reserved water
rights in river basins

Based on the national demand for ecological

priority.,it is necessary to preferentially guarantee
ecological water demand in initial water-rights allo-
cation. Due to high fluctuations in ecological water
demand at present,conventional allocation methods
are no longer suitable for confirmation of ecological
water rights affected by multiple complex factors.
Because of its operability, ARIMA is widely used in
different scales and types of water-use prediction,
and relevant research shows that ARIMA models
are of high accuracy. Therefore, this paper analyzed
ecological water demand of a river basin based on
an ARIMA model.
1.1.1 Problem generalization

It is assumed that a river basin X contains 7
(:=1,2,3,:+,n) water-receiving districts, with a
total available water of W, , the scheduling center
of the basin takes the remaining water after ensu-
ring water use for national economy and ecological
environment as reserved water, and based on the
fact that water is the carrier of water rights, con-
firmed quantity of water rights in this paper is
quantity of water demand. Due to imperfect sys-
tems of initial water-rights confirmation at the
present stage, as well as the goal of maximally
encouraging regional active participation in water
conservation, the time effectiveness for confirma-
tion of reserved water rights was 1 a in this
paper.
1. 1.2 Parameter determination

According to the needs of the research, the re-

lated parameter bounds in this paper are shown in

Tab. 1.

Tab. 1 Parameter setting of reserved water rights confirmation model

Parameter Description Parameter Description Parameter Description
Wy Surface water Wes Agricultural water demand Wa Total water supply of river basin
Wn Underground water Wip Industrial water Wr Reserved water of river basin
W Project-transferred water Wie Living water demand Wre Reserved emergency water
Wre Reclaimed water Wee Ecological water demand Wrp Reserved development water
1.1.3 ARIMA model for prediction of eco- description of time series, so that future changes

logical water demand
An ARIMA model is a representative of mod-
ern time-series models, which assumes that any
time series is random. An appropriate model can be

established by autocorrelation-based analysis and

can be predicted based on existing values. The spe-
cific expression is as follows

2=z Tz stz Ttz ,—
—OQu,,Tu, @h)

where: 2, is a time series; ¢, is an autoregressive

Oru,y —Gu,
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coefficient; p is an autoregressive order; u, is a
random term independent of z,, namely white
noise; 0, is a moving-average coefficient; ¢ is a
moving-average order.

By SPSS, the ecological water demand of
(t+1) a in the river basin can be predicted where
the project is located. In addition, in combination
with the proportion of ecological water demand of ¢
a in district 7 to that in the river basin, the ecologi-
cal water demand in district 7 can be predicted. The
formula of regional ecological water demand in the
forecast year is as follows

WE(‘IH_,. :WHTIH'A (WE(‘,_,. /WHTI.A ) (2)
where: Wge,.; represents ecological water demand
of the " year in district i; Wyc,. o represents total

% year in the river

ecological water demand of the ¢
basin; Wge,+1.; represents ecological water de-
mand of the forecast year in district 73 Wege 1.4
represents ecological water demand of the forecast
year in the river basin. The ecological water de-
mand of the forecast year in the river basin,
Wee41.4 was obtained by the ARIMA prediction
model. Except ecological water demand, available
water supplies on the supply side (surface water,
underground water, and reclaimed water) and wa-
ter demand on the demand side (agricultural, in-
dustrial,and living water demands) were predicted
through a moving average method.
1. 1. 4  Ecological-priority-based confirma-
tion model of reserved water rights
According to different purposes and uses, in
the research related to reserved water rights in
Songliao river basin, the reserved water rights were
divided into reserved emergency water rights and
reserved development water rights. Specifically, the
reserved emergency water rights were divided into
reserved emergency water rights for national econo-
my, those for ecological environment, and those for
water markets. The reserved development water
rights were divided into water rights for risk
avoidance of economic development, those for coor-
dinated river-basin development, and those for na-
tional major development strategies. According to
the definition, reserved water is the remaining wa-

ter after the water demand of national economy,

c 26 KXKFR

production, and household is met. Therefore, re-
served water in the river basin can be expressed as
follows

VVR,+1 :WAH 7WCSZ+1 7WIPI+] *Wu-:,ﬂ 7WECZ+1
Vqu+1 :VVRQ+1 +WRD1+1

WAHrl.f - ( E)WUI' + Z:ZWQ + Z;ZWL + Z;)WRF‘,' )/3
W(‘s WIP WLF

— 41, t+1,i 1.0
Wee, =75 + 12 + 12 +

Wee

T

3

The available water supplies on the supply
side (surface water, underground water, and re-
claimed water) were predicted by three-year mov-
ing averages under the consideration of environ-
mental periodicity. For project-transferred water
in the river basin, the latest statistical results in
2018 from Zhong et al. "*! were used. According
to the latest statistics from the Ministry of Water
Resources, the total water consumption for agri-
cultural irrigation in China has achieved zero
growth in the past three years, while the water
consumption for every CNY 10-thousand worth
of industrial value added has declined steadily.
The total amount of water consumption has in-
creased slightly as a whole, and people’ s living
water consumption has remained stable, There-
fore, the water demand on the demand side (agri-
culture, industry, and daily life) was predicted by
three-year moving averages, under the principle of
fully respecting current situations and with the
full consideration of continuous development of e-
conomy, environment, and technology. For confir-
mation of reserved emergency water rights, sug-
gestions on quantification of reserved emergency
water rights in the research on initial water-rights

[20) were consid-

allocation in Songliao River basin
ered. The current water demand for agricultural
irrigation in China and present development situa-
tions of water demand for every CNY 10-thousand
worth of industrial value added were also taken in-
to account. In addition, the positive effects pro-
duced by coordination between emergency water

demand and total reserved water in the river basin
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based on market allocation were considered as
well. Under comprehensive consideration of the
above factors, twice the average monthly water de-
mand of agriculture,industry, living,and ecology in
the forecast year were taken as corresponding re-
served emergency water demand for national econ-
omy and that for ecological environment. Mean-
while, due to few water-rights transactions availa-
ble in a short time, the reserved emergency water
of water-rights transaction was not considered for
the time being.

According to Formula (3), the ecological-pri-
ority-based confirmation model of reserved devel-
opment water rights in the river basin can be ob-

tained as follows

WRD,71 :WRH~1 7WRC1+1
WWRT)z 1. :WA1 1. _WCSx 1. _WIP[ 1. o (4)
Wie =W, _WR(FI,;

In this formula, regional reserved emergency water
Weer1 refers to the water that must be reserved in
districts, so its calculated value is the planned
quantity of the river basin. When some districts
fail to meet their own reserved emergency water
demand, it is necessary to make the demand met
through coordination by the scheduling center.
Wit 1.; in the formula represents the regional re-
served development water calculated according to
the regional maximum water supply and reserved
emergency water demand of agriculture, industry,
living, and ecology in the district. When it has a
value less than 0, the district is incapable of reser-
ving development water. When it has a value grea-
ter than 0, the district is capable of reserving de-
velopment water. The reserved development wa-
ter of a river basin is uniformly coordinated by the
river basin. After the reserved emergency water
demand of all districts in the river basin is met,
the total quantity of the remaining water is the
confirmed quantity of reserved development water
rights in the river basin.
1. 2 Allocation model of reserved water-
rights options in river basin
Reserved water rights may be in idle during a

confirmation period due to no special water de-

mand. In the current market mode of water-rights
transaction, the government can only carry out
macro-control according to spot price of water-
rights transaction, and has no planning capacity
for future development of water resources. The
demand for water resources reflected by the price
generated in option markets is of authenticity and
foresightedness. On this basis, in combination
with macroeconomic data feedback, the govern-
ment can guide regional enterprises to adjust
scales and directions of their production and op-
eration to conform to the government’ s require-
ments on future macro development and future
market allocation of water resources. Thus, the
goal of efficient management of water resources
in the river basin can be actually realized. Water-
rights options have rarely been studied. There-
fore, by integrating the existing models of water-

1220 and electricity options-?*,

rights options an
allocation model of water-rights options was cre-
ated based on costs and earnings. Reserved emer-
gency water cannot be reallocated because of its
public-welfare attribute of emergency use, which
is uniformly controlled by the scheduling center
of the river basin. This paper mainly discussed
reallocation of reserved development water
rights.
1.2.1 Problem generalization

This paper mainly discusses market allocation
of reserved development water rights in a river ba-
sin. Therefore, we can assume that: A seller is the
water-resource scheduling center with reserved wa-
ter rights in the river basin, and that a buyer is a
provincial water-supply company. In the transaction
system of water-rights options, the seller of water
rights provides transaction contracts of water-rights
options. Both the seller and the buyer can obtain
symmetrical information, based on which both can
judge optimal decisions of each other, and the two
sides of the water-rights transaction are neutral in
risks. The buyer obtains required water rights in
two ways: by executing contracts of water-rights
options or through spot transaction of water
rights. The demand in the spot market can always

be met,and the seller can sell its remaining unexer-
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cised water-rights options through the spot water

market. The options described in this paper are all

buyers' call options #2.

1.2.2 Parameter determination
Required by problem research, this paper de-

fined relevant parameters,as shown in Tab. 2.

Tab. 2 Parameter setting for allocation model of reserved development water-rights options

Parameter Description Parameter Description
b Demand for water resources in retail market of water- Q Quantity of options purchased by the wa-
supply company at time T ter-rights option buyer at time Ty
K Maximum tradable water in transaction market of river- Quantity of water-rights options exercised
Qe .
basin reserved water rights by the buyer at time T
Retail price of sold water resources in retail market of Quantity of water rights purchased by the
Pr qs . .
water-supply company buyer in the spot market at time T}
Spot price of water rights in water-rights transaction S Price of water-rights options, namely pre-
bs . S
market at time T} mium
Fluctuation interval of the principle of fair distribution ) ) ) )
B ) De Exercise price of water-rights option
of reserved water rights
Correlation coefficient between water-resources demand
e
and spot market price
where p, is a random variable according to the q.=D—q.
above assumption. Its probability density function qe=min(Q, D)y (p.—pe)
is f(p.), which ensures that the general assump- Sy (po— p) = 1 p=pe 6
de X s e/
tion obeys uniform distribution in an interval of [ 0, 0 p=<pe.
Z]. There is a price transfer mechanism between DE[0,(GDP,-1,;/GDP,-1,0) X
. 1+ JXW,
upstream and downstream markets, p, ( p,) » which a+p] RD

means p, is a variable related to p,. As the demand
in the subordinate market is a function of the retail
market price p,,and p, is a function of p_, it is as-
sumed that the demand function for the retail mar-
ket of the water-rights buyer is D= K —ep,. Spe-
cifically, both K and e are constant and greater than
0. The research of this paper focused on allocation
of reserved development water rights based on dif-
ferent prices in a " quasi-market" environment. For
premiums of water-rights options, Wang's research
results on the value of water options were taken for
reference 1,
1.2.3 Allocation model of reserved develop-
ment water-rights options

Based on the above assumption,a buyer's ben-
efit-cost function was constructed. In other words,
the profits in the water-rights option market of the
provincial water-supply company are maximized.

The formulas are as follows

max|],= p,D— (sQ+ p.q.+ p.q.) (5
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Where: II, is the profit of the buyer of regional wa-
ter-rights options; p,D is the income of the buyer
in the subordinate retail market; (sQ+ peq.+ p.q.)
indicates the total costs of the buyer for purchasing
water rights in the option market and the spot mar-
ket. Formula (6) indicates relevant constraints.
Specifically, the purchase quantity of water rights
in the spot water-rights market is constrained. The
quantity of exercised water-rights options is also
constrained, and it should not exceed the demand
for water rights in the retail market. In addition,
the prerequisite for exercising water-rights options
is defined, which is that the buyer will choose to
exercise options if and only if p,==p.. Finally, the
fairness constraint is imposed, which is that re-
served development water rights cannot be alloca-
ted completely according to the market,as relevant
transaction is done in a "quasi-market" mode.
Therefore, under the full consideration of fair-
ness, the upper limit of demand for reserved devel-
opment water in the water-receiving district in the

river basin is within the increasing range 8 of the
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ratio between GDP of the district and GDP of the
river basin in (1—1) a,namely the previous year.
Based on the above constraints, construction of a
coordinated allocation model of reserved develop-
ment water-rights options in the river basin can be
divided into the following four steps.

Step 1: The effects of sport market price and
exercise price on quantity of exercised options are
analyzed. In the case of p,—=p.,the buyer of water
rights will choose to exercise options to raise profits.
In combination with the functional relationship be-
tween the buyer’s demand and quantity of exercised
options as well as purchase quantity in the spot

market, the buyer's expected return is given by

ET,— J { p.D—[5Q+ p.min(Q, D)+
be

[ D—min(Q.D) 1]} F(p)dp.+
jpe [p.D— Q-+ p. D) 1 f(p)dp. %
0

Step 2: According to the function of water-
rights demand in the subordinate retail market of
the buyer, the relationship between demand for wa-
ter resources in the retail market at time 7T, and
purchase quantity of water-rights options is estab-
lished. In an actual situation, the buyer (the pro-
vincial water supplier) will not buy more water
than the need of users at time T;. Therefore, fol-
lowing relationship can be given

(1) In the case of D=K—ep,>Q,q.=min(Q,
D)=Q,and p,<(K—Q)/e;

(2)In the case of D=K—ep,<<Q.,q.—min(Q,
D)=D,and p.=(K—Q)/e.

Step 3: According to the relationship of ¢, to
D and Q and relationship between p_, and p,
shown in Steps 1 and 2, the expected profit func-
tions under different pricing schemes are estab-
lished as follows

(Dp.=pe and p.=(K—Q) /e, p=(K—Q)/
e,q.—min(Q,D) =D there is

EHr:J: (o (K—ep)—

e

(5@t P K—ep) D fpordpt | [p. (K~
0
ep)— QT p(K—ep)) ] f(podp. &

By derivation with respect to the variable Q in
E .
Formula (8), we have oFll, —s. As s is always

R

greater than 0, —s is always less than 0. Thus, the

expectation of the water-rights option buyer is a
decreasing function of Q " that can obtain an ex-
treme value at the boundary. According to the
above constraint g. = min(Q, D) = D, an extreme
value can be obtained in the case of Q=K —ep..

(2)when p, > pes p.<<(K—Q)/e,and p, €
(Ke;Q,OO),there is p.>(K—Q) /e min(Q.D) =

D;p.<(K—Q) /e ,when pSGEPC,K();Q],there is

min(Q, D) =Q. Therefore, the specific expression

of Formula (7) is as follows

EIL=|,,
[sQ+p.(K—ep) 1} f(pOdp.+

o

{pr(K_eps)_

@
J {p(K—ep)—[sQ+p.Q+
be
ps(K—ep,—Q 1} f(pHdp,+
Js {p(K—ep)—[sQ+p.(K—ep) |} f(pdp, =

P (K—epo) f(pdp.—

0
Qb p(K—ep)1f(podp.—

@
" QT pQFp (K—ep,—Q1f(podp.—
be
e

[sQtp. (K—ep) 1 f(pdp. (9

For Formula (9) , the first derivative of Q with

:
J
=
I

respect to p, is calculated. As p, obeys uniform dis-
tribution in an interval of [0, Z], its probability
density function is f(p,)=1/Z. Tt is then substitu-
ted into the Formula (9) for joint solving of the
expression about Q. Finally, the one-unknown
quadratic equation of Q with respect to K,e, p, .2,
and s can be obtained as follows
Q'+ (2ep.—2K)Q+(K*+pe* —2ep . K)—
276 s=0 (10)
Through the root-solving formula, the two
roots of Q can be obtained as follows
Q=K—ep.te V2Zs Q=K—ep.—e /2Zs
(1D

According to the above condition, we have
p<(K—Q)/e,and e/2Zs is always greater than
0. Therefore, the radical expression of the possibly
obtained minimum value in Formula (11) is Q, =
K*epe*e/TZs.

Step 4:The expected costs related to the quan-
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tity of the water-rights options purchased at time
T, are established. From the final expression of
Formula (9),the former item of the formula is the
income of the water-rights option buyer, and the
latter deducted items are the buyer's costs. It can
be seen that an optimal order quantity is obtained
in the case of maximum income and minimum
costs., Thus, the specific expression of costs C is

given by
C= Ju LGQFp (K—ep ) ] f(podp,+

KQ

J T GQEPQEp(K—ep— Q)] pdp.t
»

e

J: [sQ+p(K—ep) 1f(pOdp. 12

By calculation, the expression of C is as fol-
lows

C=s5Q+(K—Q)*/6Zeé* — p.(K—Q)*/2Ze+

pK—peeZ/2—piQ/2Z (13)

In conclusion, the three expressions of Q that
can maximize the buyer's expected E I, and mini-

mize the buyer’s expected C are as follows

Q=0
IQZ_Kef)ee 27s (14)
Q=K—ep.

By substituting them into Formula (12) re-
spectively, we can obtain corresponding expres-
sions of expected costs C as follows

CQI =K?/(6Z¢)— p.K?/ (2e2)+ p.K—ep.Z/2

(15

Co, =—seP.—ep Z/2—p.K/(2Z)+

epl /(624 pK+sK—(2se V/252)/3
(16)

Co, =epZ/2+epl/(62) +sK—sep.+

p.K—piK/(22) an

According to the fairness constraint and dif-
ferent price allocation schemes,Q corresponding to
the minimum value of expected costs C is the opti-
mal quantity of reserved development water-rights

options purchased by the buyer at Tj.
2 Case analysis

2.1 Overview of research area
Empirical research was conducted by focusing

on the middle route of the South-to-North Water

+ 30« KXKFR

Transfer Project and its four provinces (or munici-
palities directly under the Central Government) in-
cluding Beijing, Tianjin, Hebei, and Henan. On De-
cember 12,2014, the middle route of the South-to-
North Water Transfer Project was officially com-
pleted. It can mainly solve the problem of water
shortage in four provinces (or municipalities di-
rectly under the Central Government) including
Henan, Hebei, Beijing, and Tianjin. According to
the planning of the project construction,an average
annual water-transfer capacity of 13 billion m® can
be realized in the end. The water source of the mid-
dle route of the South-to-North Water Transfer
Project is located in the Danjiangkou Reservoir in
the middle and upper reaches of the Hanjiang Riv-
er,the largest tributary of the Yangtze River. Ac-
cording to China Statistical Yearbook 2018, the
populations of Beijing, Tianjin, Hebei and Henan in
2017 were 21.71 million, 15. 57 million, 75. 20 mil-
lion,and 95. 59 million, respectively, which totally
accounts for 15% of the national population. In
2017,GDP of the four provinces (or municipalities
directly under the Central Government) was CNY
2. 801 494 trillion, CNY 1. 854 919 trillion, CNY
3.401 632 trillion, and CNY 4. 452 83 trillion, re-
spectively, which totally accounts for 15.17% of
the national GDP.

2.2 Data sources

Data sources included China Statistical Year-
books of 15 years from 2004 to 2018, Statistical
Yearbooks of various provinces from 2004 to 2018,
the China Water Resources Bulletin (2017) ,the of-
ficial website of the South-to-North Water Trans-
fer Project (http://www. nsbhd. gov. cn/),and the
official website of Beijing Water Authority (ht-
tp://www. bjwater. gov. cn/). Specifically, the
typical reference datum for formulating price-allo-
cation schemes of reserved development water
rights in the river basin where the middle route of
the South-to-North Water Transfer Project is loca-
ted is as follows:non-household water price in Bei-
jing's retail market is CNY 9/m?®. It comes from
the [ 2018 ] No. 115 document issued by Beijing

Municipal Commission of Development and Re-
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form,and published by Beijing Water Authority on
January 22,2018.

2.3 Analysis and discussion

2.3.1 Confirmation of reserved water rights
in river basin
2.3.1.1 Prediction of ecological water demand in
river basin

Based on confirmation paths of ARIMA mod-
els,on the premise of minimizing effects of auto-re-
gression, difference, and moving average on data, 27
ARIMA models were used to analyze ecological
water demand in the river basin where the middle-
route project is located. Finally, the ARIMA (2,3,1)
model was selected, with R*=0. 742. Moreover, the

model is of high reliability, with no outlier. Figs. 1
and 2 show the ecological water demand in the riv-
er basin predicted based on the moving average al-
gorithm and the ARIMA prediction model, respec-
tively.

According to Fig. 1 and 2, the ecological water
demand in 2018 predicted by the moving-average
model is 3. 607 billion m*,with a downward trend,
while that predicted by the ARIMA model is 5. 907
billion m*,with an upward trend. By comparison, it
can be seen that the latter prediction result is more
in line with the changing trend of ecological water
demand in the river basin under the regulation of

national policies. Fig. 3 shows historical fitting data
of the ARIMA model.
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As can be seen from Fig. 3.fitting of the mod-
el tends to be improved with the passage of time.
The fitting produced greater deviations in 2007,
2009, 2013, and 2015. According to the analysis,
currently available data of ecological water demand
in China started in 2003, so there have been only
data of 15 a up to 2018, Third-order difference will
affect earlier-stage data to a certain extent, resul-
ting in a low fitting degree of data prediction in
2007. Compared with other years, 2009 witnessed a
sharper change in the weather:the national average
annual precipitation was 573. 3 mm, which was the
lowest since 1987; the average annual temperature
was 9.9% a, which was the fourth highest since
1951. With the significant decrease in rainfall, eco-
logical water demand in the river basin had to be
restricted on the premise of ensuring agricultural
production and household water consumption. In
addition, the obvious temperature rise accelerated

water evapotranspiration. Therefore, the observed

value in that year was lower than the fitted one. In
2012, the State Council issued the No. 3 document
Opinions on Implementation of the Strictest Water
Resources Management System. The document
clearly defines "three red lines" and "four regula-
tions", which restrained the total ecological water
consumption in 2013 to a certain extent. In 2015,
the CPC Central Committee and the State Council
issued General Plan for the Reform of Ecological
Civilization System , which paid unprecedented at-
tention to ecological construction in terms of poli-
cies and systems. Therefore, ecological water con-
sumption in that year surges compared with that in
previous years. The four data with greater devia-
tions of fitting degree provide excellent case for
studying possible effects of data quantity, natural
weather conditions,and policy directions on ecolog-
ical water consumption. This provides a basis for
more accurate prediction of ecological water con-

sumption in a later stage.
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Fig. 3 ARIMA(2,3,1) historical data fit

2.3.1.2 Prediction of regional production, living,
and ecological water demand

Prediction was conducted based on Formulas
(2) and (3),as well as the ARIMA (2,3,1) pre-
diction model of ecological water demand in the
river basin where the middle-route project is loca-
ted. Fig. 4 shows the production, living, and ecolog-
ical water demand in the middle-route project and

its four water-receiving districts.

+ 32« KXKFR

From Fig. 4, different kinds of water demand
in the four different water-receiving districts of the
middle-route project are quite different. Total wa-
ter demand of Beijing, Tianjin, Hebei,and Henan is
4. 374 billion, 2. 939 billion, 18. 768 billion, and
23.961 billion m?, respectively. Total agricultural
water demand is the greatest. Specifically, agricul-
tural water demand of Hebei Province and Henan

Province i1s more than the sum of the other three
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kinds of water demand. In addition, the agricultural
water demand of Hebei Province is even twice the
other three kinds of water demand. Sequences of
industrial and living water demand of different dis-
tricts in the total water-demand structure will be
slightly different according to different population
and industrial structure. The water-use structure of
Beijing is quite different from that of the other
three water-receiving districts, with small propor-
tions of agricultural and industrial water demand.
This is closely related to strict implementation of
ecological protection policies and relocation of indus-

trial enterprises in Beijing in the recent two years,
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Fig. 4 The demand in forecast year of agricultural, industrial,

living, and ecological water in middle route basin

Among the four water-receiving districts of
the middlet-route project, Beijing has a high pro-
portion of ecological water demand nationally, and
its predicted ecological water demand in 2018 was
1. 634 billion m®, almost the same as its living water
demand. By comparison, Tianjin has a lower proportion
of ecological water demand. In addition, Henan Prov-
ince has the greatest ecological water demand among
the four water-receiving districts. By comparison with
corresponding data in 2017, it is found that ecological
water demand of the river basin where the middle-
route project is located was increased greatly as a
whole. Beijing is taken as an example for explana-
tion. Before the issue of General Plan for Reform
of Ecological Civilization System , Beijing’ s eco-
logical water demand in 2014 was 725 million m?,
while its predicted ecological water demand in 2018
was 1.634 billion m®. The increasing range was
125% ,and the average annual growth rate was up
to 31%. Thus, it can be seen that ecological water
demand is greatly affected by policies.
2.3.1.3 Confirmation of reserved water rights in

river basin

Reserved emergency water and reserved develop-
ment water in the river basin were confirmed according

to Formulas (3) and (4). Tab. 3 lists relevant results.

Tab. 3 Reserved water rights in the middle route project in 2018
Unit:10% m?
District Reserved water  Reserved emergency water  Reserved development water Reserved development water in river basin
Beijing 10. 23 7.29 2.94 —
Tianjin —4. 29 4. 90 —9.19 —
Hebei 7.58 31.28 —23.70 —
Henan 147. 29 39. 94 107. 35 —
Middle route 160. 80 83. 40 77.39 77.39

According to Tab. 3, Henan Province has the
most reserved water,and its contribution to the to-
tal reserved water in the river basin reaches
91. 6%. Tianjin lacks water severely, and it loses
the ability to reserve water. Moreover, Hebei Prov-
ince can only meet a small part of its reserved
emergency water demand. Henan has the most re-
served emergency water of 3. 994 billion m?, which is
close to the regional living-water consumption in that

year. Tianjin has reserved emergency water of 490 mil-

lion m’, which is the least among the four water-re-

ceiving districts of the middle-route project. Beijing has
reserved emergency water of 729 million m®, which is
1/2 of the ecological water demand in that year. Re-
served emergency water is the water reserved to deal
with unknowable water demand in a river basin, and
when it fails to satisfy the demand, coordination
must be done in the river basin. This is consistent
with the suggestion that reserved water rights
should be uniformly allocated across river basins
proposed by Wang et al. ' in the construction of

water-rights systems in China. Reserved emergency
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water requires high response efficiency. If this part
of water is stored in Danjiangkou reservoir,in case
of an emergency in Beijing, it normally takes 15
days to finish water transfer. Starting and trans-
portation of the large-scale water transfer project
take a relatively long time, but the emergency re-
quires efficient response and controllability, With
the above consideration, Danjiangkou reservoir is
not suitable. Therefore, on the premise of unified
management in the river basin,a risk response pro-
cedure should be established in the basin schedu-
ling center for reserved emergency water and to
store the water nearby for convenient transfer in
order to achieve efficient management.

According to the analysis, reserved development
water in Beijing is also very little, but that in Henan
Province is relatively abundant. The reason is found
through further comparison of supply and demand of
three years in the water-receiving districts in the middle-

route river basin,as shown in Fig. 5.
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Fig. 5 Comparison of five-year average water supply and
demand in South-to-North Water Transfer Middle Route

As shown by the comparison, the Beijing-
Tianjin-Hebei region is a typical resource-depend-
ent water-deficient region. Relying on its own lead-
ing technology, Beijing realized an average annual
supply of 1 billion m® reclaimed water in the past
three years. This barely leads to a surplus of water
on the premise of meeting production and living
water demand. By contrast, Tianjin and Hebei

Province are currently in the situation where their

available water supply cannot meet or can narrowly

meet normal production, living, and ecological wa-

ter demand. Therefore, they have poor capacity to
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provide reserved emergency water and reserved de-
velopment water for themselves,and they need uni-
fied coordination by the scheduling center of the
river basin. According to the conclusion of the
above comparative analysis, reserved development
water is relatively abundant in the river basin. It
can be coordinated through efficient market alloca-
tion schemes of water-rights options to solve the
problem that some districts are incapable of pre-
paring their own reserved development water. In
the following section, efficient allocation of re-
served development water rights in the river basin
will be analyzed and discussed based on the water-
rights option model.
2.3.2 Analysis on market allocation of re-
served development water rights
Based on the market allocation model of wa-
ter-rights options, this paper analyzed the feasible
market allocation of reserved development water
rights in Beijing. Based on the assumptions in the
model, the basic situations were defined as follows:
(1) the seller of water-rights options was the wa-
ter-resource scheduling center of the river basin
where the middle-route project is located, and the
buyer was the Beijing water-supply company. (2)
The maximum reserved development water right
that can be invested in the water-rights market by
the water-resource scheduling center of the river
basin was K=7. 739 billion m*. (3) The coefficient
of the buyer’s market demand related to spot mar-
ket price was e=400 million m®/CNY. (4) Accord-
ing to the latest guiding price of CNY 9/m?® for
non-household water use and CNY 5/m® for house-
hold water use, announced by the Beijing Water
Authority on January 22, 2018, for the maximum
range of spot market price, Z=CNY 18/m?®. (5)
This paper focused on effects of different option
price strategies on reserved development water
rights in a "quasi-market" environment. Therefore,
based on the previous research results from Wang

[24]

et al. regarding value of water-rights options, it

was assumed that the price of options, namely, the
premium s=CNY 1/m’. (6) Under the GDP-based
fairness principle, according to experts’ sugges-

tions., the increasing range of f=15% was reasona-
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ble and in line with economic development. Thus,
the demand proportion of reserved development
water rights in Beijing in 2018 was in an interval of
[0,25.75% ], and the demand quantity was in an
interval of [0,1.993] billion m®. (7) According to
the demand price function of the buyer's subordi-
nate market related to the spot market, p, & CNY
[14. 37,18.00]/m® was obtained.
2.3.2.1 Analysis of sensitivity of purchase quantity
of water-right options to their exercise price
From Fig. 6, conclusions can be made as fol-
lows: (1) with the continuous increase in exercise
price, purchase quantity of water-rights options at
T, continues to decline; when the exercise price
of water rights is CNY 13. 35/m®, the purchase
quantity of water-rights options is 0. (2) At an
exercise-price interval of CNY [8. 5,13.35]/m?,
the buyer of water-rights option achieves mini-
mum costs by selecting option purchase quantity

of the second case. However, when the exercise

| 5100

price exceeds CNY 13. 35/m?, the buyer of wa-
ter-rights options achieves minimum costs by se-
lecting the first scheme, namely purchasing no
water-rights options. (3) On the basis of the non-
household water price of CNY 9/m® announced by
the Water Authority at present, when exercise
price changes below the retail-market price, costs
are highly sensitive, and the price sensitivity coef-
ficient shows an obvious step downward trend. In
the case of exercise price increasing between CNY
8.5/m® and 9/m® at a unit rate of a, the purchase
cost of the water-rights buyer will grow by 800«
million CNY. In the case of exercise price increas-
ing between CNY 9/m® and 10/m? at the unit rate,
the purchase cost of the water-rights buyer will go
up by 600a to 700q million CNY. In the case of ex-
ercise price increasing between CNY 10/m® and
12/m?® at the unit rate, the purchase cost of the wa-
ter-rights buyer will mount up by 200 a to 400 «
million CNY.
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Fig. 6 Analysis of sensitivity of purchase quantity of water-right options to their exercise price

2.3.2.2 Analysis of allocation schemes of exer-
cise price and spot market price of wa-

ter-rights options
Scheme 1:1t is assumed that spot market price
of water rights at T} is CNY 15/m?®. In the case of
p.= 15 CNY/m?®, according to the price demand
function of the subordinate market, we have D=

1. 739 billion m®. The option purchase quantity cor-

responding to p, € CNY [8.5,9]/m’ exceeds the
possible demand in the subordinate market. The
buyer of water-rights options will choose to exer-
cise options and all the demand for water rights can
be met by exercising water-rights options. The op-
tion purchase quantity corresponding to the price
range of CNY [9,13.35]/m?® is less than the mar-
ket demand. Thus, when the Beijing water-supply
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company chooses to exercise options, it will buy
water rights in the spot market for unmet demand
at the same time.

Scheme 21t is assumed that spot market price
of water rights at T\ is 18 yuan/m®. In the case of
p.= CNY 18/m’, according to the price demand
function of the subordinate market, we have D=
539 million m®. The option purchase quantity cor-
responding to p,& CNY [8.5,12]/m’ exceeds the
possible demand in the subordinate market. The
buyer of water-rights options will choose to exer-
cise options and all the demand for water rights can
be met by exercising water-rights options. The op-
tion purchase quantity corresponding to the price
range of CNY [12,13. 35]/m? is less than the mar-
ket demand. Thus, when the Beijing water-supply
company chooses to exercise options, it will buy
water rights in the spot market for unmet demand
at the same time.

In conclusion, p, can directly reflect current
situations of water supply in the river basin. In the
case of water supply in shortage, spot market price
is higher, while in the case of the water supply in
surplus,the spot market price is lower. The sched-
uling center of the river basin can carry out com-
prehensive analysis according to the demand for re-
served development water rights in the forecast
year. On this basis, a price-allocation scheme with
lower p, can be set in the case of less expected de-
mand to encourage water-demanding provinces in
the river basin to enhance the demand for reserved
development water rights. On the other hand, a
price-allocation scheme with higher p, can be set in
the case of more expected demand, to reduce supply
of reserved development water rights in the river
basin. This will finally realize efficient allocation of
reserved development water rights between both
supply and demand sides in the river basin.

Noteworthily, the price-allocation schemes in
this paper are established based on stable p, at T},
as well as no fluctuation in the price correlation co-
efficient e which is greatly affected by politics,
economy,and environment. Greater fluctuations in
p. and e will greatly affect price-allocation schemes

of water-rights options, thus hindering efficient
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utilization of reserved development water rights in
the river basin. Therefore, it is necessary to further
explore specific influencing factors of spot market
price and price correlation coefficient in future re-

search.,
3 Conclusions and suggestions

(1)Ecological water demand is greatly affected
by basic data quantity,natural climate changes,and
national macro policies. The national department of
water-resource allocation needs to fully consider
ecological water demand. formulate water-saving
incentive policies,and apply saved water to ecologi-
cal sustainable development.

(2) Tianjin and Hebei Province are incapable
of reserving development water in the condition of
existing available water resources. Great efforts
should be made to develop Beijing-Tianjin-Hebei
integration to realize unified coordination of re-
sources in the river basin. In addition, during the
consideration of fairness, appropriate preferential
policies should be given to districts with efficient
water conservation to encourage the use of re-
claimed water in the districts.

(3) With the continuous increase in exercise
price of water-rights options, regional demand for
water-rights options and sensitivity to unit-price
variation decrease. The scheduling center of the
river basin can flexibly regulate regional demand
for reserved development water through price
schemes, based on comprehensive risk analysis of

reserved development water rights.
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