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Abstract: Rice cropped policy has been constantly changing, affecting the value of irrigated land. This study aims
to examine distribution patterns of irrigated land value from a new perspective of uncertainties in single- and double-
-cropped rice policies in China. The real options approach was employed to calculate irrigated land value under policy
uncertainty, and Moran’s index was applied to identify the spatial distribution characteristics of irrigated land value
at the provincial level. The empirical results were as follows: significantly positive spatial correlations existed between
the land value under two cropped rice policies. The northeast region of China had a low-value clustering effect based
on geographical characteristics. In contrast, the southern provinces of China had a high-value clustering effect based on
the criteria of administrative regions. This study considered policy uncertainty when evaluating the economic effect
on irrigated land when revealing spatial correlation in land value. We provide a theoretical and empirical basis for the
formulation of cropped rice policies.
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National food security is the foundation of govern-
ance, especially in the current complex international
situation. The access and stability dimension of food
security is measured at a regional level by evaluating
different elasticities in developed countries (Forero-
Cantor et al. 2020). Also, the impact of macroeconomic
policies on national food security in developing coun-
tries has been analysed under simulation (Akbar et al.
2017; Mulyo et al. 2023). China, as the most populous
country in the world, is responsible for ensuring that
1.4 billion Chinese people have a self-sufficient rice

supply (Deng et al. 2019). Therefore, developing rice
production and increasing the multiple cropping index
of rice to increase rice yield have been the long-term
goals pursued by China (Wang et al. 2015). Since the
outbreak of the pandemic in 2020, the country has at-
tached increasingly more importance to food security.
Governments in cropped rice areas have quickly re-
sponded and introduced policy measures to encourage
farmers to switch from single rice to double rice mode.

Regions are gradually showing certain tendencies
in food consumption patterns these days. Selected EU
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countries are becoming increasingly similar in con-
sumption patterns, and the opposite situation has oc-
curred in food production (Bajan et al. 2020). As the
main rice-producing area, south China has tradi-
tionally planted double-cropped rice for many years.
However, for more than 20 years (since the end of the
20" century), double to single mode has been develop-
ing in an irreversible trend (Wang et al. 2021). Consid-
ering labour shortages, low comparative benefits, and
the impact of natural disasters, farmers tend to shift
more labour time and production resources to part-
time or non-agricultural production activities (Xu
etal. 2023). It can be seen that the rice planting system
is a market-oriented choice for farmers.

Farmers in various parts of China adapt to local con-
ditions and make reasonable changes to the cropped
rice policies, which is a rational market choice for
farmers with low grain production efficiency. Although
China has introduced various subsidy policies to en-
courage farmers to cultivate double-cropped rice (Ag-
riculture and Rural Bureau 2023; The Central People
Government 2020), due to the autonomy of farmers,
there is still uncertainty in cropping policies across the
country, making it difficult to carry out unified man-
agement. As cropped rice mode is a market-oriented
choice for farmers, the value of irrigated fields has sub-
stantial guiding significance in selecting cropped rice
policies (Zhang et al. 2017).

Motivated by the need to select appropriate rice
cropped policy at the regional level in China, this study
aims to evaluate irrigated lands after considering sin-
gle- and double-cropped rice policies and to reveal food
production patterns at the regional level. The novelties
of this study are considering policy uncertainty and
conducting a spatial correlation study of the value of ir-
rigated lands at a provincial level in China. In this way,
the real options approach wsa employed to calculate
irrigated land value under policy uncertainty. Moran’s
index was applied to identify the spatial distribution
characteristics of irrigated land value at the provin-
cial level. After simulating 38 cities from 2017 to 2023
in China, this study provides corresponding references
for cropped rice policies for certain provinces.

MATERIAL AND METHODS

Research methodology. This study aimed to choose
an appropriate cropped-rice policy based on the irri-
gated land value at the regional level in China. In this
way, this study achieves the expectations through the
following steps in the entire process:
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Step 1: Describe policy uncertainty of single- or dou-
ble-cropped rice policy through a stochastic process.

Step 2: Calculate the irrigated land value under the
real options approach.

Step 3: Reveal the spatial correlation among the value
of irrigated lands in China under single- and double-
cropped rice policies, applying univariate and bivariate
Moran’s index.

Step 4: Establish a rice price database from agricul-
tural product industry data and connect data from
fixed observation points in rural areas nationwide
from 2009 to 2017 in China.

Step 5: Simulate and conduct empirical research
based on the data from Step 4 to reveal the spatial cor-
relations in administrative or geographical regions.

To sum up, this study calculates the economic value
of irrigated land by considering the uncertainty of rice-
cropped policies and provides a theoretical and em-
pirical basis for formulating cropped rice policies. The
specific model design is shown below.

Real options approach. To characterise cropped-
rice policy uncertainty, this study followed a switching
option model (Zervos et al. 2018) to demonstrate the
shift between double-cropped and single-cropped rice
policies.

Operation in irrigated land yielded a payoff rate
that was a function of the market price for local rice
(P). Thus, P, satisfied the geometric Brownian mo-
tion (GBM).

dP = bPdt + oPdW, (1)

where: b — shift rate of GBM; ¢ — volatility rate of GBM;
W — a standard Brownian motion.

China encourages the conversion of single-cropped
rice to double-cropped rice, but the reform is not
mandatory, and the timing is uncertain. Thus, it was
assumed that operation on irrigated land had two op-
tional policies: single-cropped and double-cropped.
A process X with values in {0,1} was applied to simulate
the shift between policies. In particular, X, =1 or X, = 0
was denoted if the irrigated land was under a double-
cropped rice policy or single-cropped rice policy, re-
spectively. The stopping times at which the jumps of X
occurred were the intervention times the cropped rice
policies change.

Besides, under the land contract management sys-
tem in China, the terms of use rights of irrigated land
is generally 30 years. Irrigated land was assumed to be
permanently abandoned at a stopping time T with
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abandoned cost C. With the strategy (X, 1), the perfor-
mance criterion was:

I '“h( de Ze /Cl -

where: le — the sequence of times at which X jumps
from0to 1; C,
policy to double-cropped rice policy; C,
ing from double-cropped rice policy and single-cropped

— cost switching from single-cropped rice
— cost switch-

rice policy.

Moreover, one irrigated land user can choose to plant
rice or rice substitutes, such as wheat, corn, soybeans,
and potatoes. Thus, the economic value function v was
defined as:

U(x’p)z (X,t)es:xpGx,p (X’T) (3)

In addition, /(P) was the monetary income model re-
lated to price (P) and supply (S) for local rice, using the
choice (a€R).

W(P) = a+ (SP)° @

Under the Hamilton-Jacobi-Bellman (HJB) equation
and the assumption that if P > a, the single-cropped
rice policy will turn to a double-cropped rice policy
to benefit more, and if P < 3 (< a), the double-cropped
rice policy will turn to a single-cropped rice policy.

Thus, we achieved the real option value of irrigated
lands calculated as follows:
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Moran’s index method. This paper aimed to reveal
the spatial correlation among the values of irrigated
lands in China under single- and double-cropped rice
policies, applying univariate Moran’s index. Global
Moran’s index tests the spatial correlation over an en-
tire region, indicating a match between attribute
similarities in land value and spatial attributions. The
global univariate Moran’s index is calculated as follows
(Ripley 1984):

T Y W U
- n n
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i#j

o)y, %)

’

> (v, -0) (9)

where: n — the number of values for irrigated lands
of the whole region at a provincial level; v - the aver-
age of the real option value; v, 0= observations at differ-
ent provinces in the whole region; w.. — the spatial weights

matrix among provinces with dlf’ferent weighted methods.

Corresponding to the global Moran’s index, local
Moran’s index is a specific test statistic in each province
allover the region to verify attributions in spatial cor-
relation and reveal the distribution of spatial clusters.
Local univariate Moran’s index was computed as the
following formula:

P n(Ui _E)Z::1Wi/ (v/. _5)
z:lzl(vi _6)2

However, different regions might experience dif-
ferent cropped rice policies in real-world applica-
tions, indicating that the real option values of irri-

(10)

gated lands under single- and double-cropped rice
policies are affected by mutual spatial correlation.
Bivariate Moran’s index compares similarities and
correlations between the value of irrigated lands un-
der single- and double-cropped rice policies. Bivari-
ate Moran’s index was calculated between v, and v,
as following formula derived from bivariate Moran’s
index calculation:
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Similarly, local bivariate Moran’s index follows:
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The selection of the weight matrix was the priority for
calculating spatial correlation among irrigated land with
single- and double-cropped rice policies. Generally,
there are two main types of spatial weight matrices. One
is the contiguity matrix based on adjacency attributes,
and the other is the distance matrix based on geographi-
cal distance. This paper selected four classic weight ma-
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trices (shown in Table 1) to compare the spatial correla-
tion in values of irrigated lands at the provincial level all
over China. According to the definitions, the contiguity
matrix depicts the spatial correlation between provin-
cial administrative units under the influence of single-
and double-cropped rice policies. The distance matrix
describes the spatial correlation of geographical or nat-
ural locations under the influence of sowing policies.

In the local Moran’s index analysis, categories with
five different cluster attributes can be distinguished
in an area. High-high (low-low) category possesses
a spatial cluster where high (low) values are surround-
ed by high (low) values. Low-high (high-low) category
contains spatial outliers where low (high) values are
surrounded by high (low) values. Furthermore, the last
cluster attribute is spatial randomness without signifi-
cant spatial correlation.

Table 1. Different types of weighted methods in spatial correlation analysis

Categories Types

Description

queen contiguity
Contiguity matrix
rook contiguity

A spatial matrix with a virtual variable of two regions with common

boundaries or nodes is 1; otherwise, it is 0.

A spatial matrix with a virtual variable of two regions with a common

boundary is 1; otherwise, it is 0.

Assuming the object has k nearest objects, when the region belongs

k-nearest neighbours
Distance matrix

distance band

to the nearest objects, the weight between two regions is 1; otherwise,

itis 0.

A spatial matrix with a virtual variable within the specified critical dis-

tance is 1; otherwise, it is 0.

Source: Spatial correlation methods described in Geoda software from http://geodacenter.github.io/

Table 2. Statistic description of relevant variables in this study

Parameter Symbol  Unit Source Average value SD Median
Market price of local average retail price of indica rice in 38
rice in South area Py USD/kg cities (2017-2023) from Wind database 0.88 0.027 0.89
Market price of local average retail price of japonica rice in 38
rice in North area Py USD/kg cities (2017-2023) from Wind database 0.95 0.013 0.95
Supply of local rice S kg/ha 1134.90 2787.50 650.00
Yield from onesseason o yyepy 251310 211350 200000
of rice substitutes 0 . . .

) micro data of fixed observation points
Y;el.d fromoneseason - ygpp, inruralareasin China (2009-2017)  2867.80 814330 152250
of rice
Abandoned cost for C  USD/ha 314.25 622.07 180.00

irrigated land

The yield from one season of rice substitutes is measured as the maximum revenue from wheat, corn, soybeans, potatoes

and others sources.

Source: Data from average retail price of rice in 38 cities (2017-2023) from Wind database and micro data of fixed obser-
vation points in rural areas in China (2009-2017) (Ministry of Agriculture and Rural Affairs of the People’s Republic

of China 2009-2017; Wind Database 2017-2023)
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Data description. To depict the trend in the market
price of local rice all over China, this paper established
a rice price database of agricultural product industry
data in the Wind database, compiled from the National
Development and Reform Commission. The average
retail prices of indica and japonica rice in 38 cities
from 2017 to 2022 were selected for price matching for
China’s northern and southern regions. It is worth not-
ing that the division of China’s northern and southern
regions was based on the Qinling and Huaihe Rivers.

The second source wass data from fixed observation
points in rural areas nationwide from 2009 to 2017.
This database provides comprehensive research data
that is timely updated and improved through long-term
tracking and investigation of various economic units
in rural areas and dynamic information at the grass-
roots level. This data system covers 31 provinces (dis-
tricts, cities) and 368 counties in China, with a survey
target of 375 villages, 23 000 accounting farmers (live-
stock) households, and over 1 600 new business enti-
ties. The survey content included 1 250 indicators from
8 major categories of the household survey indicator
system and over 700 indicators from 11 major catego-
ries of the rural survey indicator system. A statistical
description of the relevant variables is shown in Table 2.

RESULTS

Parameter estimation. To estimate the geomet-
ric Brownian motion in the local price of rice [Equa-
tion (1)], we applied Matlab 2022b to calculate the
drift rate and fluctuation rate for the local price of rice
in the southern and northern areas. The drift rate de-
scribes the trend of local price, and the fluctuation
rate values the uncertainty of local price. As shown
in Table 3, the local price of rice in the northern area
increased more rapidly as the drift rate was 0.0157 but
had smaller fluctuations as the fluctuation rate was
only 0.0131, revealing the stability of local prices in the
northern area.

We also fitted the constant and exponential coeffi-
cients in the monetary income model (Equation 4) using
Matlab 2022b. As shown in Table 3, the constant term
and exponential term in the monetary income model
were —108.6809 and 1.0151, respectively. Related fitted
curves are drawn in Figure 1, and most of the data falls
on the fitted curve in Shanxi Province. The phenomenon
was more apparent in data from all over China.

Real option value. After getting the parameters
in geometric Brownian motion and monetary income
model, this paper calculated real option values in ir-
rigated lands under single- and double-cropped rice
policies for 3 885 cases all over the country, averaging
the real option value of land cases in the same prov-
ince to represent the land value in the province. Thus,
Figure 2 reflects the heat map of land value in prov-
inces under single-cropped rice policy (value 0) and
double-cropped rice policy (value 1) calculated from
Equation (5) and Equation (6). The heat map under
the double-cropped rice policy revealed that southeast
China has the highest value of irrigated lands. The heat
map under the single-cropped rice policy shows the
highest value of irrigated lands in the middle of China.

While calculating the real option value of 3 885 ir-
rigated fields, this paper obtained the price thresholds
for the conversion between double- and single-cropped
rice policies [Equations (7-8)]. As shown in Figure 3,
most thresholds range around three units. Separately,
the minimum, maximum and average threshold a were
0, 5.9806, and 2.5258. Those of threshold  were 0,
5.5921, and 2.1636. If the local price of rice was larger
than the threshold « for each irrigated land, then the
policy switched to double-cropped, which brought
more economic benefits. However, if the local price
of rice was smaller than the threshold B, the local pol-
icy transferred to a single-cropped rice policy, which
led to higher returns. If the local price of rice was be-
tween a and B, policies did not need to be changed.

Univariate Moran’s index. After calculating the eco-
nomic value of irrigated land and identifying policy

Table 3. Fitting results of geometric Brownian motion and monetary income model methods

Geometric Brownian motion

Models Monetary income model
southern area northern area

Parameters drift rate fluctuation rate drift rate fluctuation rate  constant term  exponential term

Symbol b o by oy a 0

Estimated value 0.0121 0.0301 0.0157 0.0131 —108.6809 1.0151

Source: Own calculations from Matlab 2022b, based on average retail price of rice in 38 cities (2017-2023) from Wind
database and micro data of fixed observation points in rural areas in China (2009-2017) (Ministry of Agriculture and
Rural Affairs of the People’s Republic of China 2009-2017; Wind Database 2017-2023)
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Data and fitted curve in China
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Figure 1. Data and fitted curves in Shanxi province and China in monetary income model.

Source: Own calculations based on average retail price of rice in 38 cities (2017-2023) from Wind database and micro
data of fixed observation points in rural areas in China (2009-2017)

Xinjiang Wei

Single-cropped rice policy
Value 0
[ 160 746.380320—298 122.268235

[71298122.268236—-1 252 047.422803 o L
7711 252 047.422804~2 753 495.334601
I 2 753 495.334602—4 085 774.146316 . J =

I 4 085 774.146317-9 551 313.930726

Double-cropped rice policy
Value 1

[ 162 142.653048-313 842.331129 d
1313 842.331130-1 130 549.325139 i o0
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I 2 172 324.424258-4 533 505.279083 T
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Figure 2. Heat maps of real option value of irrigated lands in provinces under (A) single-cropped and (B) double-

cropped rice policies; the darker the color, the higher the value of the land

Source: Own calculations based on average retail price of rice in 38 cities (2017-2023) from Wind database and micro
data of fixed observation points in rural areas in China (2009-2017) (Ministry of Agriculture and Rural Affairs of the
People’s Republic of China 2009-2017; Wind Database 2017-2023)

shifting triggers for 3 885 irrigated fields in China, this
study applied Geoda software to set weights matrices
of contiguity and distance weight, assuming that conti-
guity weights can be queen contiguity or rook contigu-
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ity, whose order of contiguity is 1. On the other hand,
the number of neighbours in k-nearest neighbours un-
der distance weight is up to 4. The specified bandwidth
was assumed to be 587 200 units calculated by Euclide-
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Figure 3. Scatter plot of thresholds of alpha and beta for
real option values in irrigated lands

Source: Own calculations based on average retail price
of rice in 38 cities (2017-2023) from Wind database and
micro data of fixed observation points in rural areas
in China (2009-2017) (Ministry of Agriculture and Rural
Affairs of the People’s Republic of China 2009-2017; Wind
Database 2017-2023)

an distance. Simply put, a contiguity weighted model in-
dicates spatial relationships according to administrative
regions. However, the distance weighted model reveals
spatial relationships based on geographical regions.
The global univariate Moran’s index for double- and
single-cropped rice policies are shown in Table 4, cal-
culated from Equations (9) and (10), where Moran’s
index indices were significant at a 95% confidence in-

Table 4. Statistic value of univariate Moran’s index

terval as contiguity weight matrices were introduced.
However, Moran’s index for double-cropped rice policy
was only significant under the distance band. Moran’s
index was significant for single-cropped rice policy un-
der k-nearest neighbours.

Bivariate Moran’s index. The statistical results
of bivariate Moran’s indices are displayed in Table 5,
calculated from Equations (11) and (12), where bi-
variate Moran’s indices were statistically significant
at a 95% confidence interval under different weighted
matrices. This paper selected real option values under
double- and single-cropped rice policies as the input
variables. When the first input variable was real option
value under double-cropped rice policies, the bivariate
Moran’s indices were 0.2815, 0.1979 and 0.2020 under
contiguity, k-nearest neighbours and distance band
matrices, respectively. The positive bivariate Moran’s
index indicates a positive correlation between real op-
tion values under double- and single-cropped rice poli-
cies in the geographical space surrounding areas where
double-cropped rice policies are implemented.

Local Moran’s index. According to the spatial corre-
lation theory, global optimality generally does not rep-
resent local optimality. In order to reveal more detailed
spatial correlation attributes in each province, this
paper conducted local Moran’s index analysis (LISA),
calculating observations and spatial adjacency through
local relationships, as shown in Figure 4.

For the univariate LISA map under the single-cropped
rice policy in the contiguity method, Jiangsu province
was in the low-low category, which means that the real
option values of irrigated lands in Jiangsu were low and

Double-cropped rice policy

Single-cropped rice policy

Statistic value

contiguity weight distance weight contiguity weight distance weight

mebod oty comguty N “band comguty  conguty ™ bana
Moran’s index 0.2176** 0.2176** 0.0782 0.1807** 0.1728** 0.1728** 0.1827** 0.0602
P-value 0.0480 0.0500 0.1600 0.0500 0.0200 0.0300 0.0480 0.1800
Z-value 1.8045 1.7448 0.9249 1.6856 2.0128 2.1056 1.7699 0.8737
Mean -0.0580 -0.0569 -0.0590  —-0.0725 -0.0707 -0.0916 -0.5910 -0.0610
SD 0.1527 0.1573 0.1483 0.1502 0.1204 0.1256 0.1366 0.1387
Permutations 999 999 499 499 999 999 499 499

KNN - k-nearest neighbor; under the KNN distance weighted model, the object has k = 4 nearest objects; when the region
belongs to the nearest objects, the weight between the two regions is 1, otherwise, it is 0.

Source: Own calculations based on average retail price of rice in 38 cities (2017-2023) from Wind database and micro
data of fixed observation points in rural areas in China (2009-2017) (Ministry of Agriculture and Rural Affairs of the
People’s Republic of China 2009-2017; Wind Database 2017-2023)
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Table 5. Statistic value of bivariate Moran’s index

Double-cropped rice policy Single-cropped rice policy

Statistic value — - - - — - - -

contiguity weight distance weight contiguity weight distance weight
Weighted queen rqok ‘ KNN distance queen rqol( ' KNN distance
method contiguity  contiguity band contiguity  contiguity band
Moran’s 0.2815** 0.2815** 0.1979*  0.2020** 0.2695** 0.2695** 0.2681**  0.2911**
P-value 0.0150 0.0180 0.0400 0.0200 0.0280 0.0190 0.0220 0.0160
Z-value 2.3636 2.2848 1.9071 1.9728 2.1446 2.2640 22712 2.2890
Mean -0.0147 -0.0189 —-0.0145 -0.0192 -0.0130 -0.0132 —-0.0045 —-0.0035
SD 0.1253 0.1315 0.1114 0.1121 0.1317 0.1249 0.1200 0.1287
Permutations 999 999 499 499 999 999 499 499

KNN - k-nearest neighbor; under the KNN distance weighted model, the object has k = 4 nearest objects; when the region
belongs to the nearest objects, the weight between the two regions is 1, otherwise, it is 0.

Source: Own calculations based on average retail price of rice in 38 cities (2017-2023) from Wind database and micro
data of fixed observation points in rural areas in China (2009-2017) (Ministry of Agriculture and Rural Affairs of the
People’s Republic of China 2009-2017; Wind Database 2017-2023)

Contiguity method Distance method

Y
Y

~
r

Single-cropped rice policy

L
3

L 15 »
V o
1 &/,?

not significant

Double-cropped rice policy

not significant

I high-high P=005

I ow-low B P-001
low-high Il P -0.001
high-low

Figure 4. Univariate local Moran’s index analysis (LISA) under double- and single-cropped rice policies with contigu-
ity and distance weighted matrices

Source: Own calculations based on average retail price of rice in 38 cities (2017-2023) from Wind database and micro
data of fixed observation points in rural areas in China (2009-2017) (Ministry of Agriculture and Rural Affairs of the
People’s Republic of China 2009-2017; Wind Database 2017-2023)
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surrounded by low values. Sichuan and Guangxi prov-
inces were in the low-high category, indicating that the
real option values were low but surrounding provinces
had high values of irrigated lands. Chongqing and Hu-
nan provinces with high values belonged to the high-
high category surrounded by provinces with high values.

For the univariate LISA map under the double-
cropped rice policy in the contiguity method, the
southeastern region composed of Hunan, Jiangxi, Fuji-
an, and Guangdong provinces, exhibited a high degree
of clustering, which means that the real option values
in these four provinces were not only high but also were
surrounded by high-value provinces. Nevertheless, the
low degree of clustering was significant in the north-
east region of China, as Heilongjiang, Jilin and Liaon-
ing provinces all fit into the low-low category. Thus, the

Contiguity method

Single-cropped rice policy

Double-cropped rice policy

not significant
I high-high
Il low-low
[ low-high
high-low

low clustering was apparent under geographical crite-
ria, ignoring the concept of administrative regions.

Next, the bivariate local Moran’s index was calcu-
lated by selecting real option values of irrigated lands
under single- and double-cropped rice policies as two
main input variables. The bivariate LISA maps (Fig-
ure 5) demonstrated spatial correlation and mutual in-
fluence between two input variables.

For the bivariate LISA map under the single-cropped
rice policy in the contiguity method, Sichuan and Yun-
nan provinces lay in the low-high category, indicating
that the values of irrigated lands with single-cropped
rice policy in these two provinces were low but were
surrounded by high values with double-cropped rice
policy. However, Chongqing, Guangxi, and Hunan
provinces belonged to the high-high category, where

Distance method

-

- ¢

Y4

» o
©

not significant
P=0.05

B P-001

Il P=-0.001

Figure 5. Bivariate local Moran’s index analysis (LISA) under double- and singled-cropped rice policies with contigu-

ity and distance weighted matrices

Source: Own calculations based on average retail price of rice in 38 cities (2017-2023) from Wind database and micro
data of fixed observation points in rural areas in China (2009-2017) (Ministry of Agriculture and Rural Affairs of the
People’s Republic of China 2009-2017; Wind Database 2017-2023)
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high values under a single-cropped rice policy were
generally surrounded by high values under a double-
cropped rice policy.

For a bivariate LISA map under the double-cropped
rice policy in the contiguity method, the southeastern
area of China sustained significant spatial correlation.
Hunan, Fujian, and Guangdong provinces showed
high values under the double-cropped rice policy, sur-
rounded by a high value under the single-cropped rice
policy. However, Jiangxi province lay in the low-high
category, which differed from the univariate LISA map.
The different spatial significance presented by specific
provinces enables governments or local farmers to ex-
plore the formulation and development of better rice-
cropped policies, which is conducive to mutual learn-
ing and reference between provinces and regions.

DISCUSSION

Based on the real options approach proposed in the
previous methodology (Zervos et al. 2018) and Moran’s
index method for spatial relationships (Ripley 1984),
the empirical results in Hunan province indicated that
there were high-high clusters regardless of the planting
policy. This phenomenon suggests that irrigated land
users in Hunan province were not devoted to paying
more attention to the cropping policies and lost the
incentive to switch cropped policies, as the propor-
tion adopting double-cropped rice in Hunan prov-
ince is low, only 55% of households (Liu et al. 2012).
For Guangdong Province, a major rice growing area
under a double-cropped rice policy, both the adjacent
weights matrices and the distance weights matrices
exhibit a phenomenon of high-value aggregation. The
high value clustered in irrigated fields has led to a sta-
ble double-cropped rice index since the reform and
opening-up. From 1978 to 2011, except for a few years
with slight fluctuations, the proportion of double-
cropped rice planting in Guangdong was more than
95% (Yang and Wang 2013).

As Jiangxi province was in the low-high category un-
der the double-cropped rice policy, it showed low value
under the double-cropped rice policy and was sur-
rounded by high value under the single-cropped rice
policy. In this way, Jiangxi province tended to shift from
a double-cropped to a single-cropped rice policy. This
phenomenon is similar to the conclusions obtained
in the literature (Huang et al. 2022). Moreover, a re-
duced rural labour supply and rising labour wages due
to urbanisation and economic growth are the crucial
driving forces for the phenomenon (Jiang et al. 2019).
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The northeastern area of China showed significant
statistical results in clustered low values under single-
and double-cropped rice policies, especially under the
geographic criteria. This phenomenon aligns with
the established practice of treating the three north-
eastern provinces as a whole in China (Dong et al.
2023). The essential reason for the low land value ag-
gregation in northeast China may be the adverse im-
pacts of the intensification of rice production (Xin
et al. 2019). Moreover, after calculating the spatiotem-
poral distribution characteristics of primary climate
resources, such as total sunshine hours, total effective
accumulated temperature, daily range of average tem-
perature, total precipitation, total precipitation days,
and average precipitation intensity, scholars found that
the northeast region of China has relatively unified re-
gional characteristics (Jiang et al. 2011). Therefore, the
local Moran’s index divided by geographical distance
was more significant than when divided by administra-
tive units.

This study innovatively proposed guiding suggestions
for local rice-cropped policies by comparing the eco-
nomic value of irrigated land under administrative and
geographical boundaries. Besides, even though some
scholars have considered policy uncertainty in policy
decisions through policy content uncertainty and
policy enforcement uncertainty extracted from an ex-
isting database (Hu et al. 2023), this study estimated
policy uncertainty quantitatively for the first time and
developed the economic land values in China. In other
words, this study constructed a new irrigated land val-
ue database for 3 885 irrigated lands in China.

CONCLUSION

Based on the empirical research in this study, there
was a significant positive spatial correlation between
the land value under single- and double-cropped rice
policies. Different rice production patterns existed be-
tween regions defined by administrative boundaries and
regions defined by natural geographical distances. For
local spatial correlation with administrative boundaries,
this study concluded that the economic value of irri-
gated lands under rice-cropped policies had significant
spatial relationships in southwest China. On the other
hand, rice production had a significant relationship
with economic land value in the northeast of China
under geographical boundaries. Those categories with
high clusters can provide a reference for local changes
in rice-cropped policies. In addition, this research meth-
odology is conducive to estimating the economic values
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of irrigated lands, considering policy uncertainty, and
achieving appropriate triggers to transform between
single- or double-cropped rice policy.

As international food consumption patterns tend
to reveal regional convergence, this study provided
a reference basis for cropped rice policies in Chi-
na regarding food production patterns. Firstly, the
cropped rice policy was tailored to local conditions
while ensuring self-sufficiency in grain production
by the local government. Secondly, land value can
be treated as an economic criterion for local farm-
ers to decide cropping policies based on land re-
turns. Finally, as mentioned in the introduction,
while market-oriented economic value was crucial
for the choice, the choice of rice-cropped policies can
be made according to the spatial correlation between
land value and the policy-making of surrounding ar-
eas. The core content of this study not only verified
the impact of rice-cropped policies on spatial irri-
gated land value but also provided feasible solutions
to capture the uncertainty of policies. The decision
triggers in the real options approach could be calcu-
lated in other agricultural contexts, such as subsidy
policies and taxation of agricultural land.
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