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Abstract: Research on water pricing is important to effectively address the water resource crisis.
The agricultural industry has the greatest water-saving potential. Using Heilongjiang Province,
the main grain-producing region in China, as an example, an agricultural irrigation water price
was determined based on macro and micro scales, and affordable water prices for peasants
were calculated. The results show a macro-agricultural irrigation water price of 1.023 yuan/m?,
indicating that the current agricultural irrigation water price does not reflect the water source value.
The micro-agricultural irrigation water prices for surface water and groundwater range from 0.993 to
1.008 and from 2.343 to 2.358 yuan/m3, respectively, indicating differences in cost recovery and value.
The surface water prices for maize, rice, and soybeans ranged from 0.286 to 0.476, from 0.101 to 0.179,
and from 0.180 to 0.307 yuan/m?3, respectively, while the appropriate groundwater prices ranged from
0.317 to 0.507, from 0.131 to 0.210, and from 0.211 to 0.337 yuan/m3, respectively. The government
could formulate different subsidy policies according to the actual situation and raise agricultural
irrigation water prices to the full-cost level to enable the implementation of law of value.

Keywords: agricultural irrigation water price; emergy theory; full-cost water price; shadow price;
water resource value

1. Introduction

Water is an indispensable natural resource for human survival and development. The continuous
development of socioeconomic water demand, water resource shortages, degradation of the water
environment, and water security issues are becoming increasingly serious. In stark contrast, the price of
water is generally low, which neither objectively reflects the scarcity of water resources nor contributes
to solutions for water resource problems.

The typical methods of pricing include calculating shadow prices for various types of water
resources using mathematical models [1], using the full cost of water resources [2], or using farmers’
willingness to pay for water [3] as a reference for pricing. As relevant research has progressed, the
value of water resources has attracted attention. It was proposed in [4] that the essence of value
was in the capitalization of water resource rent, upon which the differences in price and value
of water resources would be clarified. Scholars have estimated the value of water resources by
employing equilibrium pricing [5], value mosaic [6], emergy estimation [7], and fuzzy comprehensive
evaluation [8]. In addition, there is clear theoretical and empirical evidence that using price to manage
water demand is more cost-effective than other approaches [9]. Even in the absence of water metering,
an incentive water pricing instrument could influence farming behavior toward a more efficient use of
water [10]. Therefore, the rational pricing of agricultural irrigation water has become the focus [11-14].

Water 2018, 10, 1044; d0i:10.3390/w10081044 www.mdpi.com/journal /water


http://www.mdpi.com/journal/water
http://www.mdpi.com
https://orcid.org/0000-0003-4100-2777
http://www.mdpi.com/2073-4441/10/8/1044?type=check_update&version=1
http://dx.doi.org/10.3390/w10081044
http://www.mdpi.com/journal/water

Water 2018, 10, 1044 20f13

Besides, as pointed out in [15], water pricing is not a single instrument of control, and a subsidy may
be necessary. As concluded in [16], cost is also an important factor to be considered when establishing
a pricing policy for irrigation water.

Based on the available literature, we found that studies typically applied a single method
to estimate agricultural irrigation water prices. Few comparisons and analyses include different
price-measurement levels, which likely affects the calculation of reasonable agricultural irrigation water
prices and the associated implementation of pricing policies. Therefore, agricultural irrigation water
prices are determined at both the macro and micro scale in this paper. The macro-agricultural price
reflects the marginal benefit of agricultural water to the national economy, and the micro-agricultural
price reflects the full cost of agricultural irrigation water use. In order to reduce the burden on
peasants and ensure the effective implementation of agricultural irrigation water charge, on the basis
of analyzing affordable prices for peasants and with the goal of achieving a lower bound of the full-cost
price, agricultural irrigation water prices and the government’s subsidy policy are given, and are
applied according to the cultivation of major crops in the main grain-producing region in China,
Heilongjiang Province, to ensure regional agricultural production and food security.

2. Materials and Methods

2.1. Study Area

The study area is located at latitude 43°26’-53°33’ N and longitude 121°11'-135°05" E, with a
total land area of 4.53 x 10° km?, of which 33.87% is cultivated land. The average annual rainfall
is 400-650 mm. There are 9 state farm bureaus in the study area (Figure 1), and at the end of 2012,
there were 323 irrigation districts, 193 reservoirs, 86,544 electromechanical wells, and 223 irrigation
and drainage stations. The effective irrigation area was 1.62 x 10° hm?. Applying the full-cost water
pricing method to the current water resource cost shows the regional agricultural irrigation water
price to be approximately 0.03 yuan/m?, which is close to the current price of 0.02-0.05 yuan/m?.
However, according to the China Statistical Yearbook 2012, the amounts of agricultural, industrial,
and domestic water consumption in Heilongjiang in 2012 were, respectively, 294.9 x 108 m?,
41.7 x 108 m3, and 16.3 x 108 m?, with a ratio of 0.836:0.118:0.046; and the corresponding water
fees were 0.02-0.05 yuan/m3 [17], 3.04.3 yuan/m3 [18], and 1.2-2.4 yuan/m3 [18] (paid by water
users to the water supply company), with a ratio of approximately 0.006:0.665:0.328 (comparing
intermediate values). The total output values of the agricultural, industrial, and service sectors
were, respectively, 2113.7 x 108 yuan, 6037.6 x 10® yuan, and 5540.3 x 10® yuan, with a ratio of
0.154:0.441:0.405. These data and ratios show that the current agricultural irrigation water price is
far below the industrial and domestic water prices. Hence, the price lever in promoting agricultural
water savings has not been effectively exploited. At the same time, the total value of agricultural
output was the lowest of the 3 major sectors and does not fully reflect the value of water resources. It is
necessary to calculate reasonable agricultural irrigation water prices for the scientific use of regional
water resources and to protect the water environment and reduce water pollution.
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Figure 1. Regional map of the study area.

2.2. Determination of Macro-Agricultural Irrigation Water Price

As early as 1931, Leontief carried out the first economic analysis with input-output tables and
mathematical models [19]. In this paper, we determined the macro price based on an input-output
analysis. As shown in Table 1, the input—output table for Heilongjiang Province in 2012 was divided
into 3 parts. Part I reflects the intersectoral relationships within an economy (x;;, where i is the sector
that inputs the product and j is the sector that uses the product), part II reflects the final demand
for the production of sector i, and part III reflects the constitution of the added value of sector j. An
additional row shows the amount of water used in sector j in the study area in 2012 (szmz), which is
an input to part I and completes the water resource input—output table (see Table 1). The input-output
computable general equilibrium (CGE) model of water resources (Equations (1) and (2)) was obtained
via linear programming, and its dual solution was used to determine the shadow price of agricultural
water resources, or the macro-agricultural irrigation water price:

10
max Z = Z 1y X; D)
ij=1

AX] + Yi - IMI = Xi

X;—CX; >V

X! < X; < Xt
St. vl <Y ()
vi<v<x,

10
D aiji <Ww
ij=1

where Z is the total surplus (108 yuan) and W is the total amount of water consumed (108 m3).
For sector i, Y; is the final demand and Y/ is its lower bound (10% yuan), IM; is import (10® yuan),
X; is total output, X;" and X;! are its upper and lower bounds (108 yuan). For sector j, S; is surplus
(108 yuan), a,; = S;/ X is the profit ratio coefficient, a,,; = szmz / X; is the direct water consumption
coefficient, V; is the added value and le is its lower bound (108 yuan), Xj is the total input (10® yuan),
A = [ajj], ajj = x;;/X; is the direct consumption coefficient matrix, and C = AT is the material
consumption coefficient matrix.
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Table 1. Water resource input-output table of Heilongjiang Province in 2012 (in 108 yuan).

40f13

N Intermediate Demand Final Import Total Output
npu Demand (Y;) (IM;) (X;)
1 2 3 4 5 6 7 8 9 10 Total
1 Agriculture 387.2 1.1 16115 155 0.1 0.1 7.0 88.6 0.1 0.0 2111.3 2861.4 1020.3 3952.3
2 Mining 7.3 2615 41,6 10512 2002 3626 881 49 12.3 180  2047.7 2736.1 1368.2 3415.6
3Lightindustry =~ 599.2 145  649.6 513 18.6 24 239 1817 214 1186  1681.3 43442 1713.7 4311.8
4 Petrifaction 4550 1630 1627 7275 1596 1088 978 1759 3030 2976  2651.1 1374.8 1205.3 2820.6
5Manufacturing 581 1622  63.7 338 1239.8 1304 14154 849 1167 965 34014 4048.7 4555.6 2894.4
Intermediate input 6 Power 30.0 97.4 835 503  101.8 2081 266 1631 550 62.2 878.0 388.8 8.5 1258.4
7 Architecture 53 1.7 38 25 42 1.0 1381  59.9 5.8 17.0 239.3 5030.4 2339.7 2930.0
8 Business 2080 1495 3176 1600 2077 565 1836 7132 2536 2131  2463.0 2360.3 275.4 4547.8
9 Traffic posts 805 1037 1903 782 1499 334 1355 1343 3047 883 12987 719.4 76.6 1941.6
10 Services 8.1 544 375 20.1 482 242 17.1 67.5 486 1078 4334 3522.9 1090.7 2865.6
Total 1838.6 1009.0 3161.6 21904 21302 9275 21330 16743 11212 1019.2 17,205.0 27,386.9 13,653.8 30,938.1
W/.ZO12 (108 m3) 294.9 2.1 1.2 1.1 1.4 9.8 10.5 4.1 1.9 43 3312
Remuneration  1884.8 3430 2173 1637 2694 1679 3792 5253 2754 11920 54179
Net product tax ~ —157.7 696.2 4353 1832 169.8 672 1857 4524 452 300  2107.3
Added value Depreciation 846 2805 1179 781 1382  89.8 631  359.6 1472 190.1  1549.1
Surplus (S;) 3020 10869 379.7 2052 186.8 6.2 169.0 15363 352.5 4343 46588
Total (V) 21137 24066 11502 6302 7642 3309 797.0 28736 8204 18464 13,733.1
Total input (X;) 39523 34156 43118 28206 28944 12584 2930.0 4547.8 19416 2865.6 30,938.1

Economic data are from the China Region Input-Output Table 2012 for Heilongjiang Province, pages 94-105; water consumption for each sector is from China Statistical Yearbook 2012,
Second Heilongjiang Economic Census Yearbook, and Second China Economic Census Yearbook.
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2.3. Determination of Micro-Agricultural Irrigation Water Price

The European Environment Agency (EEA) uses the principle of full-cost recovery to evaluate
water prices in the European Union [20-22]. The full-cost water price is widely believed to best
reflect the commercialization of water resources [23]. Under the guidance of China’s basic national
conditions and the theory of sustainable development, Wang proposed that the full-cost water price
should be composed of resource cost, project cost, environmental cost, and reasonable profit and tax
revenue [24]. For agriculture, profit and tax revenue are not counted. The “Water pricing framework in
China” was constructed in [25], clearly showing the category of water price (resource charge, services
charge, environmental charge). Based on the theory, we used resource cost (C;), project cost (C;), and
environmental cost (C,) to determine the full-cost water price (P) and represent the micro-agricultural
irrigation water price in this paper. Emergy theory was applied to estimate the cost of natural resources
that are not transformed by human labor (e.g., natural rainfall, surface water, groundwater). The cost
of water supply for engineering of state farms was used to estimate project cost, and environmental
cost was determined by economic loss due to water environment degradation as accounted for by
econometric theory.

The specific steps are as follows:

Step 1: Determine resource cost

The resource cost (C;) reflects the natural value of water resources. The emergy theory proposed
by H.T. Odum provides objective and quantitative criteria for the scientific evaluation of natural
resource value, which can truly reflect the cost of natural resources [26]. In this research, we chose the
emergy theory to determine the natural value of water resources, integrating the solar emergy in water
with currency in reality, so that the natural value of water resources can be shown in the form of price.
That is, rainfall was used as the energy source of natural water resources, and a conversion between
emergy and currency was completed by EDR (the ratio of emergy to gross domestic product, GDP) to
calculate the resource cost using Equation (3):

CE, =Wy xGxp, CEs=W; xGXp, CEg=WgxGXp
SE, =CE, X1, 3)
SE!. = SE,/Ws, SEé = SE,/Wq
Cl, = SEL/EDR, C;g = SEé/EDR

where CE,, CE;, and CEg are the chemical energy of rainfall, surface water, and groundwater (J),
respectively; Wy, Ws, and W are the total amount of rainfall, surface water, and groundwater (108 m3),
respectively; G is the Gibbs free energy value (J/g); p is the density of water (g/cm?); SE, is rainfall
solar emergy (sej); 7, is rainfall solar transformity (sej/J) [26]; SE{ and SEj are solar emergy per unit
surface water and groundwater (sej/m?), respectively; C,; and ng are the resource cost per unit of
surface water and groundwater (yuan/m?), respectively; and EDR is the ratio of emergy to GDP
(sej/yuan) [27].

Step 2: Determine project cost

The project cost (C,) was determined by the reasonable expenses incurred from agricultural water
supply engineering. In this paper, we use a cost accounting method to calculate project cost, including
depreciation cost (D), overhaul expense (R;), employee work reward (LC), employee welfare (Fy),
union funds (F,), and employee education funds (F3;), using Equation (4):

Cp=(Dp+Ry+LC+F +FE+F)/(EIAxINQ)
Dy = (Ko — Ky)/n 4)
Ko =85% x I, K1 = 4% x Ky
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where K and K are the fixed assets of the original value and net residual value (10% yuan), respectively;
values for Rp, Fj, >, and F3 are from “Measures of water supply pricing cost supervision and
examination of water conservancy project (Trial)”; n is the number of years depreciated; EIA is
the mean of the effective irrigation area of state farms (10* hm?); IWQ is the irrigation water quota
(10* m3/hm?); and I is the fixed assets investment (108 yuan).

Step 3: Determine the environmental cost

In this paper, the environmental cost (C,) was determined by economic losses due to water
environment degradation. Based on econometric theory [28], economic loss caused by the use
of pesticides, fertilizers, and plastic mulching during the cultivation process was determined by
Equation (5):

Cg - U/ Wa
6
u= kZ 1SuPQxk
=1
1=1/ (1 +e3*1/E"), Sy = Wy/AW, ®)

4
A= \/tz [(E¢+/E) —1]*/4

=1

where U is economic loss due to degradation of the water environment in rural areas (108 yuan); W,
is the average amount of agricultural irrigation water consumption (108 m3); k=1, 2, ..., 6 refers to
water quality classifications; [ is the rural socioeconomic development stage coefficient; S, is the water
scarcity index; P’ is the current agricultural water price (yuan/m?); Qi is the amount of water in the
specified water quality class (108 m?); «; is the ecological function loss rate of different water quality;
E, is Engel’s coefficient for rural areas; W; and W; are the amount of water demand and water supply
(108 m3), respectively; A is the rainfall variation coefficient; and E; and E are the ratios of t quarter
rainfall and mean quarterly rainfall to annual rainfall, respectively.

Step 4: Determine the full-cost water price

We regarded the sum of the resource cost, project cost, and environmental cost as the full-cost
water price as follows:
P=C+Cp+C (6)

2.4. Initial Data

Data on employee work rewards, fixed asset investments in agricultural water supply projects,
and the mean of effective irrigation areas of state farms came from the Statistical Yearbook of
Heilongjiang State Farms 2012. The irrigation water quota came from the Local Standard Water
Quota of Heilongjiang Province (DB23/T 727-2009). Data on Engel’s coefficient for rural areas and
rainfall data came from the Heilongjiang Statistical Yearbook 2012. The amount of water in the
different water quality classes came from the Heilongjiang Province Water Resources Bulletin 2011.
The net income and output per unit of cultivated land came from the National Agricultural Product
Cost Income Data Compilation 2012. The water quality classifications came from the Surface Water
Environmental Quality Standard. Since irrigation water accounts for more than 90% of agricultural
water, we used agricultural water consumption to replace agricultural irrigation water consumption;
agricultural water consumption came from China Statistical Yearbook 2012.

The initial data for micro-agricultural irrigation water pricing can be seen in Table 2.
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Table 2. Initial data for micro-agricultural irrigation water pricing. GDP, gross domestic product.

Category Name Symbol Unit Value
Gibbs free energy G J/g 494
Density of water 0 g/cm3 1
Rainfall solar transformity e sej/] 1.82 x 10*
Resource cost Ratio of emergy to GDP EDR sej/yuan 0.43 x 1012
Total amount of rainfall W, 1011 m3 3.2
Total amount of surface water W 108 m3 695.7
Total amount of groundwater We 108 m? 289.8
Depreciation year n year 50
Mean effective irrigation area of state farms ELA 10* hm? 154.6
Project cost Irrigation water quota IWQ 10* m3/hm? 0.78
Fixed assets investment I 108 yuan 37.7
Employee work reward LC 108 yuan 14

Average amount of agricultural irrigation
water consumption
Current agricultural water price P yuan/m?3 0.02-0.05
0;121.8; 282.5;

W, 108 m3 252.7

Amount of water in water quality class k Qk 108 m? 1844 18.1: 89 1
Environmental cost Ecological function loss rate of different B
. Yk % 0; 0.5; 24; 50; 76; 99
water quality
Engel’s coefficient for rural areas E, % 379
Amount of water demand Wy 108 m3 358.9
Amount of water supply Ws 108 m3 358.9
Rainfall in quarter ¢ - 108 m3 288.9; 157(1)945' 7714
Annual rainfall - 108 m3 2650.24

3. Results and Discussion

3.1. Macro Water Price

The upper and lower bounds of total output in the CGE model were defined, respectively, as 1.2
and 0.8 times the total output of water resources in the input-output table. The lower bound of the
final demand and added value in the CGE model were defined as 0.7 times higher than their values in
the water resources input-output table [29]. The dual solution of the CGE model was calculated with
Lingo v.11 (Figure 2).

w

N

!

Shadow price (yuan/m?3)

300 320 340 360 380 400 420 440

The amount of water consumption (m?3)

Figure 2. Shadow price of agricultural irrigation water.
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When the amount of water consumption increased, the shadow price gradually decreased, which
is consistent with marginal benefit theory. As is depicted in Figure 2, when the total amount of
water consumption was 310.0 x 108-325.9 x 108 m3, the dual solution was 3.773 yuan/m?; when
the total was 326.0 x 108-427.6 x 108 m3, the dual solution was 1.023 yuan/ m3; when the total was
427.7 x 108-430.7 x 108 m?, the dual solution was 0.358 yuan/ m3; and when the water consumption
was above 430.8 x 108 m3, the dual solution was 0. This trend shows that the CGE model of water
resources applied in this study can fully reflect the scarcity of water resources. When the total amount
of water consumption in the study area in 2012 was used in the CGE model, the shadow price of
agricultural water was 1.023 yuan/m3, indicating that the additional regional benefit brought by
adding one unit of agricultural irrigation water was 1.023 yuan.

The macro water price was much higher than the current agricultural irrigation water price.
Therefore, the current price reflects neither the water resource value nor the relationship between
supply and demand. This discrepancy exists primarily because the government regards agriculture as
a basic industry. To ensure economic development and encourage peasants to work on farms, a public
welfare water supply system has been implemented, and the agricultural irrigation price of water
use has been used as an administrative fee. However, due to the large amount of available water
resources used for agriculture, the growth of the national economy has been restricted in recent years.
The government is aware of the importance of water resources and is beginning to incorporate them
into its commodity price management, but the role of value law in agricultural water resources has not
been effectively implemented.

3.2. Micro Water Price

Applying the data in Table 2 to Equations (3)—(6) yielded resource costs of surface water and
groundwater of 0.960 and 2.310 yuan/m?3, respectively. Project costs were 0.023 yuan/m? and
environmental costs ranged from 0.010 to 0.025 yuan/m3. With these values, the micro-agricultural
irrigation water price for surface water and groundwater in the study area ranged from 0.993 to 1.008
and from 2.343 to 2.358 yuan/m?3, respectively. These results clearly show that the current agricultural
irrigation water price of 0.02-0.05 yuan/m? is too low for cost recovery.

The full cost of surface water was approximately 57.5% lower than that of groundwater. This
difference can mainly be attributed to the lower resource cost of surface water, which reflects the
natural value of water resources not developed by humans. This difference also directly reflects the
preciousness of groundwater. The full cost of surface water was similar to the macro-agricultural
irrigation water price, which suggests that the cost of using surface water can be fully utilized and
recovered over time. The full cost of groundwater was higher than the macro-agricultural irrigation
water price, indicating an imbalance between income from and expenditure for groundwater. This
difference illustrates that it is difficult to recover the cost of groundwater investments. As such,
groundwater should be carefully extracted to avoid unnecessary environmental damage caused by
its exploitation.

3.3. Affordable Water Price Research

According to a comprehensive analysis by the World Bank in various countries and regions
around the world, the ratio of water charge to net income and to output per hm? can be used to
determine the range of affordable water prices for peasants. In the developing country of China, the
ratios were set to 10-13% and 5-8%, respectively. In the study area of the present analysis, maize, rice,
and soybeans represent the top three crops in terms of area and yield. Furthermore, we suppose that
all the irrigation water will be totally used by crops in many forms and not used for any other purpose.
Trends from 2007 to 2016 in the range of affordable water prices for the three main crops were analyzed
with IBM SPSS Statistics 19 (Figure 3).
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Figure 3. Ranges of affordable water prices for the three main crops between 2007 and 2016: (a) 10-13%
of net income per hm?, and (b) 5-8% of output per hm?.

Figure 3a shows that the upper affordable water price for maize crops first increased and then
decreased between 0.092 and 0.225 yuan/m3 and peaked in 2011 at 0.173-0.225 yuan/m3. After
2015, the net income per hm? was less than 0, therefore the affordable water price was 0. The major
reason for the reduction in net income per hm? was overcapacity. Specifically, in 2015, China’s total
maize production was approximately 2.13 x 10% t, total maize consumption was approximately
2.00 x 108 t, and the gap between production and sales was approximately 0.31 x 10° t, leading
to poor sales (according to the Report on the Development of China Cereals Security, 2014-2015).
The upper affordable water price for rice crops fluctuated between 0.040 and 0.101 yuan/m? due to
the government’s combined efforts to prevent droughts, resist natural disasters [30], and vigorously
promote rice planting and guarantee rice prices, thereby ensuring a stable net income from rice crops.
The upper affordable water price for soybean crops oscillated between 0 and 0.126 yuan/m?® and was 0
in 2013, 2015, and 2016. The major reason for these oscillations was that the study area is the major
soybean production area of China, and the price of native soybeans is greatly affected by the price of
imported soybeans. For example, the average price of imported soybeans in 2013 was 4374.75 yuan/t,
while the average sales price in the study area was 4522.4 yuan/t, and net income per hm? tended to
be negative. Subsequently, affordable water prices for maize, rice, and soybeans rebounded in 2014
to 0.128-0.166, 0.057-0.073, and 0.020-0.025 yuan/m?, respectively. The rebound occurred because
the weather conditions in 2014 were more suitable for these crops, reflecting the sensitivity of net
income per hm? to natural factors, which also underscores the relatively unsophisticated agricultural
production conditions in the study area.

Figure 3b shows affordable water prices measured by output per hm?. Since the output per hm?
includes production cost, affordable water prices were generally three to four times the prices indicated
by the data in Figure 3a. Over time, the trend in affordable water prices of the three crops remained
basically the same under the two calculation methods. The affordable water prices, from high to low,
were for maize, soybean, and rice, due to a higher irrigation water quota for rice (8685 m®/hm?) than
for maize and soybean (2385 m3® /hm?). The upper affordability of water prices for maize crops was
between 0.230 and 0.550 yuan/m?, but the time of the peak price was much later than in Figure 3a.
This difference is a result of different calculation methods. The upper affordability of water prices



Water 2018, 10, 1044 10 of 13

for rice steadily increased at a rate of 1.2% per year from 0.110 to 0.221 yuan/m? due to the relatively
stable output of rice crops. The upper affordability of water prices for soybean crops slightly fluctuated
between 0.206 and 0.343 yuan/m?3, with 2014 still marking a turning point.

In brief, the overall trends in affordable agricultural water price remained basically the same
according to the two calculation methods. However, due to the impact of inflation on the cost of
production (such as increases in the cost of production materials), there was a delay in the time of peak
affordable prices, which also shows that the analysis based on both net income and output per hm?
can fully and accurately reflect the variability of affordable agricultural water prices.

3.4. Determination of Agricultural Irrigation Water Price in 2012

The irrigation water price for surface water and groundwater for agricultural production was
determined based on a comparative analysis of the macro and micro prices of agricultural water
resources combined with the affordable price using net income in 2012 for the study area (Figure 4).
For the three main crops, maize, rice, and soybeans, the range of affordable water prices was from
0.317 to 0.507, from 0.131 to 0.210, and from 0.211 to 0.337 yuan/m3, respectively.

4 Affordability L Affordability U r Affordability L Affordability U
] State subsidies — Shadow price [ ] State subsidies [—J Marginal benefit
. . — o Shadow price
"’E 1.023 ”E 2.343
& i &
% 0.993 g
8 8
g g 1317
8 0.476 5 1.023
© ©
= =
+0:101:: - .
Maize  Rice Soybean Maize  Rice Soybean
Crops Crops
(a) Surface water (b) Groundwater

Figure 4. Agricultural irrigation water price composition and subsidies in 2012. U and L indicate the
upper and lower bound, respectively, of the range of affordable prices.

Figure 4a shows the agricultural irrigation water price for the use of surface water. We regarded
the lower bound of the full-cost water price (0.993 yuan/m?) as the goal, since the current price is
too low to recover costs. In 2012, agriculture had a marginal benefit of 1.023 yuan/ m?; that is, the
net benefit provided by adding one unit of agricultural water was 0.030 yuan. To encourage the use
of surface water by peasants, the net benefit can be a reduction in water price. Therefore, the range
of water prices for maize, rice, and soybeans should be from 0.286 to 0.476, from 0.101 to 0.179, and
from 0.180 to 0.307 yuan/m?, respectively. In addition, despite the overcapacity of maize production,
it is not appropriate to suppress production excessively given the demand for maize in industry and
animal husbandry. Consequently, the government subsidy for agricultural irrigation water supply
engineering could be set to approximately 0.517 yuan/m?, and the amount of subsidy can be adjusted
according to market demand. Because rice is a high water-consuming crop, peasants growing rice
should be encouraged to control the amount of water used and increase the efficiency of water use.
Therefore, the government subsidy should be less than 0.814 yuan/m?3. To reduce the dependence
on imported soybeans, the government should encourage peasants to plant native soybeans, and the
subsidy should be greater than 0.686 yuan/m?.

Figure 4b shows that the full-cost water price for using groundwater was more than twice the
macro price. When using groundwater, the government would apply a larger subsidy if the lower
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bound of the full-cost water price (2.343 yuan/m?®) was set as the goal. Considering a socioeconomic
marginal benefit of 1.023 yuan/m?3, to lighten the burden on farmers, we deducted the marginal
benefit of the cost of groundwater, and the remainder was the underground water price shared
by the government and peasants. Based on the basic conditions of the three major crops, when
irrigating maize crops, the agricultural irrigation engineering could receive a government subsidy
of approximately 0.813 yuan/m?3, which is 57% higher than the subsidy for surface water. When
irrigating rice crops, the government subsidy to agricultural irrigation engineering should be lower
than 1.110 yuan/m?, which is 36% higher than the subsidy for surface water. When irrigating soybean
crops, the agricultural irrigation engineering could receive a water price subsidy of 0.983 yuan/m? or
more, which is 43% higher than the subsidy for surface water. Both the peasants and the government
have higher groundwater costs than surface water costs, so the use of surface water should be given
priority, whereas groundwater should be used judiciously.

3.5. Limitation of the Study

The research proposes a valuation and pricing method of agricultural irrigation water based
on macro and micro scales. This method has the goal of achieving the lower bound of the full-cost
water price, considers the affordable price of water for peasants, and assumes the government will
pay subsidies to agricultural irrigation engineering to ensure implementation, and this is consistent
with the goal of agricultural water price reform in China. At the same time, we also consider the
contribution of agricultural irrigation water to socioeconomics and reducing the water fee for some
peasants. It can be said that this method takes full account of the benefit, cost, and affordability
of agricultural irrigation water from three perspectives: society, water suppliers, and water users.
However, due to the uncertainties of some parameters and variables in the data and models, the study
has some limitations.

(i) The existing input—output tables are compiled according to the provincial administrative regions,
and because the marginal costs and benefits of water are expected to vary between river basins
and for each section of each river basin, it is more meaningful to analyze the shadow price
of agricultural irrigation water resources in each river basin. We intend to construct a basin
input-output table according to the socioeconomic conditions in the area where the river flows,
in order to estimate the macro-agricultural irrigation water price of each river basin.

(ii) Changing crop prices will affect affordable agricultural irrigation water prices for peasants directly,
and then will affect the regional economy and water consumption. We intend to estimate the
influence of agricultural irrigation water price on the economy and water consumption according
to the change of crop prices, and analyze the relationship between agricultural irrigation water
price and agricultural water saving and socioeconomics, and finally to propose a pricing scheme
of agricultural irrigation water price with the times.

4. Conclusions

This paper describes research on the progress of agricultural irrigation water pricing, with price
determined at both the macro and micro scale. The range of affordable agricultural water prices
was determined based on net income and output per hm?, and the prices of using surface water and
groundwater were determined for the three main crops in 2012.

(i) Comparative analysis of macro- and micro-agricultural irrigation water prices: The micro
price of using surface water was similar to the macro price, while the micro price of using
groundwater was more than double the macro price. When taking into account the cost
recovery of water resources and their value, priority should be given to using surface water for
agricultural production.

(i) Comparative analysis of current agricultural irrigation water price and macro- and
micro-agricultural irrigation water prices: The current agricultural irrigation water price was
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(ii)

much lower than the macro-agricultural irrigation water prices and far below the micro price.
The current agricultural water price did not accurately reflect the water resource value and cost
recovery, primarily because the role of value law in agricultural water resources has not been
effectively implemented. Thus, the agricultural irrigation water price should be increased.
Determination of agricultural irrigation water prices for peasants: Based on the macro- and
micro-agricultural irrigation water prices, with the goal of achieving the lower bound of the
full-cost water price, the irrigation water prices for access to surface water and groundwater
for agricultural production were determined as well as the corresponding government subsidy
policies. The ranges of surface water prices for maize, rice, and soybean crops were from 0.286 to
0.476, from 0.101 to 0.179, and from 0.180 to 0.307 yuan/m3 (from 0.045 to 0.075, from 0.016 to 0.028,
from 0.029 to 0.049 $/m3), respectively. For groundwater, the ranges for maize, rice, and soybean
crops were from 0.317 to 0.507, from 0.131 to 0.210, and from 0.211 to 0.337 yuan/rn3 (from 0.050 to
0.080, from 0.021 to 0.033, from 0.033 to 0.053 $/m3), respectively (in 2012, 1 USD = 6.3125 CHY).
The government could formulate different subsidy policies based on the actual conditions of
these three crops. The research results can provide a reference for similar regions and countries
for valuation and pricing of agricultural irrigation water.
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