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Abstract: Previous studies on carrying capacity have primarily focused on measuring
agricultural production conditions while neglecting the coupling effects among production
conditions, production materials, and the external environment (the coupling effects of
agricultural water, soil, energy, and the external environment). Therefore, this paper
introduces the concept of the carrying capacity of a regional agricultural water-land—energy
coupling system (WLECS); develops an evaluation framework comprising 27 indicators
from the perspectives of stability, collaboration, and resilience and constructs an improved
random forest model based on the red-billed blue magpie optimizer (RBMO). Finally, it is
applied to the evaluation of WLECS carrying capacity in China’s main grain producing area
(Heilongjiang Province). The results demonstrate that the constructed RBMO-RF model
exhibits stability and reasonableness with high fitting accuracy. The collaboration weight
accounts for the highest proportion (0.438), indicating that the collaboration within the
subsystem has the greatest impact on the carrying capacity. In terms of time scale, the
WLECS carrying capacity in Heilongjiang Province shows an upward trend, characterized
by three stages: a “low-level fluctuation period”, a “growth period”, and a “rapid growth
period”. In terms of spatial scale, the overall spatial pattern is low in the West and high in the
East, and stable in the North and South. The key driving factors are the effective irrigation
index, indirect water footprint, and agricultural water-land matching degree. The research
results demonstrate the carrying capacity of the WLE coupling system holds significant
implications for formulating regional agricultural resource optimization allocation plans
and promoting agricultural sustainable development.

Keywords: carrying capacity; red-billed blue magpie optimizer; random forest; coupling
system

1. Introduction

Water, land, and energy are important natural resources for maintaining the operation
of social systems. They are also the core of regional agricultural system production [1,2]
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and the material basis for human survival and livelihood [3]. Rapid social and economic
development, accelerated urbanization, continuous population growth, energy depletion,
and environmental degradation have created significant challenges. These factors have
resulted in issues such as resource crowding out, shortages, and regional structural disrup-
tions of water, land, and energy in agricultural production. Consequently, these problems
are likely to intensify the imbalance between industrial structure adjustment and resource
supply and demand [4]. Current demand and resource use trajectories are threatening to
undermine the inclusiveness and sustainability of development. For example, by 2050, the
Food and Agriculture Organization (FAO) projects a 70 per cent increase in food production,
and the World Energy Council (WEC) projects a 100 per cent increase in energy supply.
These trajectories must be curbed by a more efficient use of resources and reduced wastage,
as well as demand management. However, there exists a close and complex coupling
relationship among agricultural water, land, and energy [5]. Clarifying the mechanism
of the water-land—energy coupling system (WLECS) in agricultural production [6] and
conducting research on the agricultural water—land—energy coupling system carrying ca-
pacity (WLECSCC) will help promote resource conservation, improve production efficiency,
alleviate the imbalance between resource supply and demand, ensure food security, and
achieve sustainable regional economy development.

The term “carrying capacity” originally referred to a physical quantity in mechanics,
namely the maximum (limit) load that an object can withstand without sustaining dam-
age [7]. It was initially borrowed by disciplines such as demography, applied ecology, and
population biology [8-11], all of which utilized the concept of “upper limit of quantity”.
Subsequently, the FAO and the United Nations Educational, Scientific and Cultural Or-
ganization (UNESCO) organized large-scale studies on carrying capacity, and proposed
various definitions and quantification methods [12]. This led to a new wave of research on
carrying capacity.

Currently, the primary research methods for studying carrying capacity can be cat-
egorized into three main approaches: the empirical formula method, the index system
evaluation method, and the system analysis method [13,14]. The empirical formula method
offers the advantage of relatively simple calculations, but its disadvantage is that it inade-
quately considers the interrelationships among resources, the environment, the economy,
and society. The indicator system evaluation method excels in its deep application of
mathematical theories, yet it faces challenges in standardizing indicator selection [15,16].
The system analysis method accounts for the complexity and systematic nature of the
resource—economy-society ecology, but it involves complex calculations and faces difficul-
ties in application and promotion [17,18]. In summary, considering the inherent properties
of carrying capacity, the index system evaluation method is the mainstream research ap-
proach in the current academic community. However, for the carrying capacity of complex
agricultural production systems, previous studies have either focused on the relationship
between the constraints of single water or land resources and social, economic, and natural
systems or integrated water and land resource systems for evaluation. Not only does this
ignore the impact of energy systems beyond natural conditions on agricultural production,
but it also fails to consider the complex nonlinearity and feedback relationships among
the interactions of various subsystems. Additionally, it lacks a comprehensive evalua-
tion of WLECSCC from an integrated management perspective of factor coordination,
departmental collaboration, and system control. Against this background, conducting
regional agricultural WLECSCC evaluation research is of significant importance for allevi-
ating the imbalance between resource supply and demand under the existing agricultural
planting model.
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To address the complex WLECSCC evaluation problem, we first need to analyze the
intrinsic relationships within a coupled system. Based on this analysis, we should design
an indicator system with minimal information overlap among the evaluation indicators,
objectively determine the weights of these indicators, and finally use intelligent algorithms
to optimize model accuracy, thereby enhancing the rationality of the evaluation results.
The entropy weight method for determining indicator weights offers the advantages of
objectivity, simplicity in operation, and effective reflection of the indicator differentiation
ability, making it widely used in multi-objective evaluation fields [19-21]. With the devel-
opment of artificial intelligence, machine learning methods have been widely applied in
multi-objective evaluations of agricultural areas [22,23]. Machine learning can automat-
ically analyze and extract patterns from multidimensional data, using these patterns to
predict unknown data with high accuracy and the ability to handle complex nonlinear
problems [23]. An evaluation simulation model is constructed using machine learning,
with the evaluation index threshold serving as the input variable and the carrying capacity
threshold serving as the output variable. The measured index data are substituted into
the constructed model as the input source, and the output source obtained is the required
evaluation target [22]. The evaluation results are not only scientifically sound and reason-
able but can also efficiently identify key driving factors. However, a disadvantage is that
the modeling process is relatively complex, and the selection of modeling methods and
model parameters can directly influence the accuracy of the measurement results. The
models that are currently used most in the field of multi-objective evaluation are projec-
tion pursuit (PP) [24], artificial neural networks (ANNSs) [25], support vector machines
(SVMs) [26], and extreme learning machines (ELMs) [27]. The accuracy of the PP model
is overly dependent on the projection direction and has poor stability. The ANN model’s
fitting process suffers from issues of overfitting and becoming trapped in local minima.
The SVM model’s function is excessively complex and inconvenient to operate. The ELM
model randomly initializes the weights between the input layer and the hidden layer, and
the hidden layer is too high, which adversely affects the generalization performance of
the model. The random forest (RF) model offers several advantages, including simple
operation, excellent performance, fast convergence speed, minimal parameter tuning re-
quirements, automatic identification of feature importance, high tolerance to data noise,
and strong anti-interference and anti-overfitting capabilities [28]. Consequently, it is widely
used in multi-objective evaluation. Therefore, this paper selects the random forest model
as the evaluation model.

In the traditional random forest model, the number of decision trees N and the num-
ber of candidate split attributes m are two key parameters that significantly influence the
model’s accuracy [29]. Before the N value reaches its optimal point, a larger N generally im-
proves model performance. The m value determines the ability of the decision tree and the
correlation between them [29]. Therefore, to enhance the performance of the random forest
model, it is essential to determine the optimal values for N and m. The RBMO algorithm has
the advantages of automation, global search, fitness evaluation, and performance improve-
ment in model parameter optimization problems, and has been well applied in practice.
To address the challenge of optimal parameter selection in the traditional RF model, this
paper introduces the red-billed blue magpie optimizer (RBMO) [30]. An improved RF
model based on the RBMO algorithm was constructed, utilizing the RBMO algorithm to
automatically optimize the N and m parameters, thereby enhancing the accuracy of the
RF model.
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Based on this, this paper proposes the concept of WLECSCC and constructs the
RBMO-RF model using Heilongjiang Province, China’s primary grain-producing region,
as the research base. This study aims to alleviate the imbalance between the supply and
demand for water, land, and energy under the current agricultural planting model and
provide guidance for decision-makers in formulating more effective water, land, and energy
allocation plans. The primary potential contributions of this study are as follows:

(1) The concept of regional WLECSCC is proposed;

(2) A set of regional WLECSCC evaluation indicators are constructed based on the princi-
ples of stability, collaboration, and resilience;

(3) The RBMO-RF model is constructed to analyze the spatiotemporal characteristics of
regional WLECSCC;

(4) The driving mechanisms underlying WLECSCC are analyzed using the RBMO-
RF model.

2. Study Area Overview and Methods
2.1. Study Area

Heilongjiang Province, located in northeastern China between 121°11" and 135°05’
east longitude and 43°26’ and 53°33’ north latitude, encompasses 12 prefecture-level cities,
including Harbin, Qigihar, and Mudanjiang, and the Greater Khingan Range Region
(Figure 1). It has a total area of 473,000 km? and serves as a major agricultural province
and energy-producing province, as well as an important industrial base in China. It has a
temperate continental monsoon climate, with four major water systems—the Heilongjiang
River, Songhua River, Wusuli River, and Suifen River—as well as two major black soil
regions: the Sanjiang Plain and the Songnen Plain. Due to its unique land properties and
hydrological and climatic conditions, Heilongjiang Province has become China’s largest
commercial grain production base, ranking first in the country in grain output. It serves
as the “ballast stone” of China’s food security. Due to the excessive pursuit of short-term
economic benefits in recent years and the long-term focus on reclamation, while neglecting
management, a series of resource and environmental issues have emerged. These include
an imbalance in the agricultural water use structure, deterioration of water environment
quality, decline in arable land fertility, and low agricultural energy utilization efficiency.
The current agricultural development model has strayed from the sustainable development
trajectory of “green agriculture”. Against this background, clarifying the characteristics
of the WLECS in Heilongjiang Province and conducting research on the WLECSCC will
help to coordinate the relationship between agricultural water, land, and energy resources
and formulate a more effective allocation plan for these resources, as well as promoting the
sustainable use of regional agricultural resources and the green development of agricultural
economy. In addition, Heilongjiang Province is located in one of the world’s three major
black soil conservation areas. Conducting research on the WLECSCC in this region plays an
essential role in ensuring global food security, sustaining the fertility of black soil farmland,
and facilitating the dissemination of agricultural technology.



Sustainability 2025, 17, 1669

5o0f 24

KAZAKHSTAN

N SRYRE
=’
agh 4 1
oy

Ca \iew of |\,
A Bheares

c~eo
~ao
~<

>~
.o
~ao
.o
e

e

. .
I River system &
—— Provincial boundaries

[ City Boundary \~‘~~ S

Elevation it

P 1693 il L Km
- - 0 90 180 360 540 720

Figure 1. Geographical divisions of Heilongjiang Province.

2.2. Date Source

Data were collected from the “Heilongjiang Statistical Yearbook” (2004-2022), pub-
lished by the Heilongjiang Provincial Bureau of Statistics, China. Additionally, data from
the “Heilongjiang Provincial Water Resources Bulletin” (2004-2022) and the “Heilongjiang
Provincial Water Resources Comprehensive Annual Report” (2004-2022) were obtained
from the Heilongjiang Provincial Water Resources Department. After sorting and calculat-
ing, we obtained data on water resources, land resources, energy, and other indicators for
19 years across 13 cities and districts in Heilongjiang Province, China. Relevant economic
indicators were deflated and utilized for the analysis of WLECSCC-related issues.

2.3. Methodology
2.3.1. Analysis of the Connotation of WLECSCC

Agricultural production depends on natural conditions and the input of agricultural
production materials. The agricultural system can only operate cyclically by relying on
water, land, and energy inputs. Water is an essential substance and medium for crop
growth and photosynthesis; land provides a place and nutrient source for crops; and
energy serves as the power source for the operation of the agricultural system. The three
major elements of agriculture, water, land, and energy, cover the raw materials, sites,
and power of regional agricultural production [31], and form the core components of
the regional agricultural economic system through water cycles, land use, and energy
consumption. There are complex influences or conversion relationships in this system,
including “water-land”, “water—energy”, and “land-energy” [1]. Regarding “water-land”,
the construction of agricultural irrigation and drainage projects and the application and
development of water-saving technologies and water-saving policies will change the land-
use type. At the same time, non-point source pollution generated by agricultural planting
will affect land quality and thus affect the land use structure. As for “water—energy”,
agricultural water extraction, water supply, water use, and drainage consume a lot of
energy. At the same time, the production or extraction process of agricultural energy,
such as seeds, fertilizers, pesticides, and diesel, requires a lot of water resources. As for
“land—energy”, agricultural land use and land fertility maintenance require large amounts
of energy, and agricultural energy extraction and the construction of its supporting facilities
require land investment. Changes in land-use types caused by social development will
affect water distribution and circulation. Hydropower will generate new energy, and some
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agricultural and sideline products will be converted into biomass energy to change the
energy utilization structure. The interactions between these factors comprise complex
nonlinear and feedback relationships [31], thus forming a regional agricultural water-land-
energy coupling system (WLECS).

A WLECS not only involves the interconnection and interaction of the three major sys-
tems within it, namely the water system, land system, and energy system, but is also closely
related to the external social-economic—environmental system, together forming the main
body of the regional agricultural economic system. Among these, the WLECS is the core
of agricultural production, supporting agriculture as an important foundation for human
economic and social development. The social-economic—environmental system provides
external driving forces for the WLECS, while the WLECS can also exert coercive effects on
it. Therefore, it is particularly important to clarify the system coupling mechanism and
understand the functions and influencing factors of each subsystem. In this process, water,
land, and energy are the main bodies of the WLECS and the basic production and exchange
units of materials and energy, while the carrying capacity determines the upper limit of
the balanced development of the WLECS. Therefore, conducting research on WLECSCC
evaluation is of great significance for optimizing regional water, land, and energy allocation,
coordinating the relationship among the three and promoting the sustainable development
of the regional economy.

Referring to the previous research results [4,7,13,14,32,33], WLECSCC is defined here
as follows: “At a certain historical development stage, based on the foreseeable technologi-
cal, economic and social development levels, with sustainable development as the principle
and with the maintenance of healthy ecological environment development as the condition,
the maximum capacity of regional population growth and economic development under
the premise that regional agricultural water, land and energy resources are rationally devel-
oped and utilized”. Taking into account the complex nonlinear and feedback relationship
between the WLECS and the external environment, WLECSCC is decomposed into “sta-
bility”, “collaboration”, and “resilience”, among which “stability” is characterized by the
resource endowment and efficient utilization carrying capacity of each subsystem of water
resources, land resources, and energy resources; “collaboration” is characterized by the
carrying capacity of dependency transformation and interaction of each subsystem; and
“resilience” is characterized by the carrying capacity of each subsystem to resist the external
environment and absorb the driving force of the external environment. The connotations of
the WLECSCC are shown in Figure 2.
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Figure 2. WLECSCC connotation framework.
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2.3.2. Construction of Evaluation Index System

Scientifically constructing an indicator system is the key to evaluating WLECSCC.
Traditional indicator screening methods mainly include theoretical analysis and expert
consultation. The idea of constructing the indicators in this article was based on using
theoretical analytical thinking. The specific steps in this process are as follows: consult
a large amount of research, grasp the research direction, build a research framework,
explain the research connotations, and select evaluation indicators. References [31-36]
selected typical and representative evaluation indicators. On this basis, based on the
principles of scientificity, necessity, operability, pertinence, and policy relevance, and based
on the connotation analysis of WLECSCC and the characteristics of Heilongjiang Province,
27 indicators that can reflect the WLECSCC of Heilongjiang Province were selected with
“stability”, “collaboration”, and “resilience” as the criteria. The evaluation index system is
shown in Figure 3.

Energy system

Water-Energy

Land-Energy

Society

Economy

WI: Water production modulus 10"'m*/km?* ar
W2:Water supply modulus 107m’/km? =
W3: Per capita water resources m“f’persml ar
Wd: Agricultural water resources development and utilization rate Yo 3
Li: Per capita cultivated Iand area hm’/person +
L2: Reclamation rate Yo 5
L.3: Cultivated land productivity t/hm* i3
El: Agricultural energy consumption per capita kgce/person &
E2: Agricultural energy efficiency CNY/kgee s
WI1: The matching degree of agricultural water and soil resources %o +
Water-Land WL2: Agricultural water consumption per unit of cultivated land 10*m*hm? =
WI.3: Effective irrigation index Yo =
WEI1: Energy consumption per unit of water consumption kg(‘e/m" L
WE2: Indirect water footprint 10*m*hm?® -
LE1: Energy consumption per unit of cultivated land kgee/hm? =
LE2: Total power of agricultural machinery per unit of cultivated land kW/hm? i
S1: Population density person/hm” =
$2: Urbanization rate % =
M1: Proportion of total agricultural output value %% +
M2: Agricultural economy density CNY/hm* +
M3: Agricuitural GDP per capita CNY ar
Md: Agricultural economic growth rate Yo +
N1: Forest Coverage Y ge
N2: Soil and water loss control rate Y ot
Nature N3: Proportion of crop area affected by disasters Yo =
N4: Greywater footprint 10 m*/hm? -
NS5: Fertilizer application per unit area of cultivated land t/hm” -

Figure 3. WLECSCC evaluation index system. Note: In this figure, “+” indicates a positive indicator
and “—* indicates a negative indicator. The simplified naming of indicators adopts the method of
listing subsystems in alphabetical order. In order to distinguish energy from economic indicators,
economic indicators are represented by “M”.
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2.3.3. Normalization of Indicators

After normalization, the indicators can accelerate algorithm convergence, improve
model accuracy and algorithm stability, and eliminate the impact of the different dimensions
of evaluation indicators of each system. Compared with other normalization methods,
the max-min method is frequently employed in scenarios where the data range is known.
It offers the advantages of simplicity, ease of use, and preservation of the proportional
relationships between data points. It has been extensively utilized in neural networks and
other machine learning models. The process is detailed in the literature [29]. The indicator
data in this study were comprehensively detailed, and the final evaluation was conducted
using machine learning techniques. Accordingly, this research employed the max-min
normalization method to standardize the evaluation indicators.

2.3.4. Determination of Indicator Weights

The entropy weighting method is an objective weighting method. In information
theory, entropy is a measure of the degree of disorder in a system, used to determine
weights, where the larger the entropy value, the smaller the amount of information provided
by the indicator and the smaller the weight of the indicator, and vice versa. In the field
of multi-objective evaluation, in order to avoid subjective weighting, the entropy weight
method is widely used to determine the weights of evaluation system indicators. The main
process of determining the index weight via the entropy weight method is as follows: data
standardization, entropy value calculation, weight calculation, and weighted evaluation.
The process will not be described here, and the detailed process can be found in the
literature [37].

2.3.5. Random Forest Model

RF is an ensemble learning model based on decision trees [38]. The basic idea is
to use multiple independent decision trees to form an ensemble decision tree, and the
performance is determined by the number of decision trees N and the splitting attribute m.
RF can improve prediction accuracy without significantly increasing the calculation load
and is insensitive to multicollinearity. The results are relatively robust to missing data and
unbalanced data. Please refer to the literature for the detailed steps of this process [39].

2.3.6. Red-Billed Blue Magpie Optimizer

The red-billed blue magpie optimizer (RBMO) is a new type of swarm intelligence
optimization algorithm proposed by Shengwei Fu in 2024. This algorithm is based on the
cooperation and competition mechanism of red-billed blue magpies when foraging to find
the optimal solution. Compared with traditional algorithms, RBMO has the advantages of
fast convergence speed, high accuracy, and strong robustness [30]. The steps are as follows:

Step 1: Randomly generate a set of solutions (called a population), where each solution
corresponds to the position of a red-billed blue magpie, and set the parameters of the
algorithm, such as population size, maximum number of iterations, etc.

Xi j = (UB — LB)-Rand; + LB (1)

where X is an individual red-billed blue magpie; UB and LB are the upper and lower
intervals of the problem to be solved; and Rand; is a random number between 0 and 1.
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Step 2: Simulate the process of the red-billed blue magpie looking for food and update
the position as follows:

Xi(t+1):Xi(t)+(; P xm()er(t)).Randz )

Xi(t+1) = Xi(t) + ((1] 1 X () —er(t)>'Ra1’ld3 3)

where t is the number of iterations; p represents the number of randomly selected red-billed
blue magpies; X™ represents the randomly selected red-billed blue magpie individuals; q
represents the randomly selected red-billed blue magpie population; and X™ represents the
randomly selected search agent.

Step 3: Simulate the process of a red-billed blue magpie attacking its prey and update
the position as follows:

Xi(t41) = xfood(¢) +CF( YR XMt ())-Randnl (4)

Xi(t4 1) = xfood(t) +CF( P (: ())-Randnz (5)

where X4 is the food’s location; CF = (1-— (7))(2X ), and Rand,, and Rand,,, represent
random numbers based on the standard normal distribution.

Step 4: Simulate the process of the red-billed blue magpie storing food and update the
position as follows:

i Xi(t) if fitness.4 > fitness
Xl t 1 — . 0. new 6
(t+1) { X(t+1) else (©)

where fitness! ; and fitness.,,, represent the fitness values of the red-billed blue magpie
before and after the update.

2.3.7. RBMO-RF Model Construction

Let N and m in the RF model be the search objects of the red-billed blue magpie, and
the specific process is as follows:

Step 1: Collect relevant evaluation index data and divide them into a training set and
test set;

Step 2: Initialize the red-billed blue magpie individuals; that is, N and m of the random
forest model;

Step 3: Set RMSE as the objective function;

Step 4: Based on Formulas (2) and (3), the red-billed blue magpie searches for food;

Step 5: Based on Formulas (4) and (5), the red-billed blue magpie attacks its prey;

Step 6: Based on Formula (6), the food storage operation of the red-billed blue magpie
is performed;

Step 7: Determine whether the algorithm has reached the termination condition. If so,
repeat Step 4-Step 6.

Step 8: Output the optimal individual of the red-billed blue magpie; that is, N and m
of the random forest model.

The regional WLECSCC evaluation process based on the RBMO-RF model is shown
in Figure 4.
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Figure 4. WLECSCC evaluation process based on the RBMO-RF model.

2.3.8. Model Performance Test

Different models were used to evaluate the WLECSCC, and the evaluation results of
different models were ranked. The evaluation results were then summed up and re-ranked
to obtain the final relatively reasonable ranking. The Spearman rank correlation coefficient
of the relatively reasonable ranking of different models was calculated as the rationality
coefficient of the evaluation model results [36].

1
R :&'Zl P; )

where R is the model rationality coefficient, « is the number of model runs, and P; is the
Spearman rank coefficient.

Sample entropy can be used to analyze the complexity of time series. The lower the
complexity, the higher the stability of the model evaluation results.

w

5= Y 1 SE (Resulty, )

®)

where S is the model stability coefficient, SE is the sample entropy, and Result,, is the ath
evaluation result of the model in the wth region.

2.3.9. Mann—Kendall Test

The Mann-Kendall (M-K) is a nonparametric statistical method for analyzing time
series data. It can analyze whether the data trend is monotonically rising or falling, does not
require the data to follow a specific distribution, and is not affected by outliers [40]. There-
fore, this paper used the Mann—Kendall test to evaluate the trend changes in WLECSCC in
Heilongjiang Province from 2003 to 2021. When Z > 0, it means that the carrying capacity
is on an upward trend. When Z < 0, it means that the carrying capacity is on a downward
trend. When |Z| > 1.96, the trend change in the carrying capacity is significant (p < 0.05).
When the standard normal distribution statistic UF intersects the reverse sequence statistic
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UB, the point is considered to be a mutation point [36]. For details on the calculation
process of the M-K test, see [41].

3. Results
3.1. Determination of Evaluation Index Level

The determination of the grading standards for evaluation indicators is an important
topic of research on WLECSCC evaluation. At present, there is no unified standard for
WLECSCC evaluation. With reference to relevant studies [42—44], the natural discontinuity
method is adopted and combined with the actual situation in Heilongjiang Province,
and the grading standard of WLECSCC evaluation indicators in Heilongjiang Province is
determined. The grades are set from I to V. The higher the grade, the greater the WLECSCC.
The results are shown in Table 1.

Table 1. Index classification standards.

W1 <10.87 [10.87, 21.90) [21.90, 37.90) [37.90, 47.75) >47.75
W2 >8.59 [5.02, 8.59) [2.78, 5.02) [1.04,2.78) <1.04
W3 <1491.36 [1491.36, 4465.49) [4465.49, 9300.34) [9300.34, 21,563.3) >21,563.3
W4 >1.07 [0.553, 1.07) [0.293, 0.553) [0.107, 0.293) <0.107
L1 <0.222 [0.222, 0.3) [0.3, 0.406) [0.406, 0.574) >0.574
L2 <0.09 [0.09, 0.362) [0.362, 0.477) [0.477, 0.563) >0.563
L3 <1.525 [1.525, 2.455) [2.455, 3.503) [3.503, 4.786) >4.786
El >411.79 [228.55, 411.79) [140.37, 228.55) [89.26, 140.37) <89.26
E2 <48.25 [48.25, 73.96) [73.96, 107.92) [107.92, 173.80) >173.80
WL1 <0.0598 [0.0598, 0.155) [0.155, 0.250) [0.250, 0.421) >0.421
WL2 >0.200 [0.194, 0.200) [0.144, 0.194) [0.040, 0.144) <0.040
WL3 <0.164 [0.164, 0.322) [0.322, 0.596) [0.596, 1.126) >1.126
WE1 >21.790 [6.939, 21.790) [1.664, 6.939) [0.560, 1.664) <0.560
WE2 >4.982 [2.635, 4.982) [1.435, 2.635) [0.571, 1.435) <0.571
LE1 >1916.21 [1013.46,1916.21) [599.67, 1013.46) [344.11, 599.67) <344.11
LE2 <2.05 [2.05, 3.44) [3.44,5.12) [5.12,7.31) >7.31
S1 >1.513 [0.955, 1.513) [0.729, 0.955) [0.397, 0.729) <0.397
52 >0.731 [0.596, 0.731) [0.528, 0.596) [0.388, 0.528) <0.388
M1 <0.129 [0.129, 0.219) [0.219, 0.322) [0.322, 0.500) >0.500
M2 <71.81 [71.81, 150.27) [150.27, 248.95) [248.95, 425.06) >425.06
M3 <4703.02 [4703.02, 8655.16)  [8655.16, 14,115.45)  [14,115.45, 21,275.1) >21,275.1
M4 <0.044 [0.044, 0.194) [0.194, 0.571) [0.571,1.116) >1.116
N1 <1543 [15.43, 25.00) [25.00, 40.20) [40.20, 65.00) >65.00
N2 <0.227 [0.227, 0.369) [0.369, 0.521) [0.521, 0.752) >0.752
N3 >0.517 [0.376, 0.517) [0.242, 0.376) [0.131, 0.242) <0.131
N4 >228.08 [69.09, 228.08) [39.47, 69.09) [16.34, 39.47) <16.34
N5 >0.150 [0.111, 0.150) [0.0813, 0.111) [0.0534, 0.0813) <0.0534

Note: In the tables, the darker color shading indicates a higher load-carrying grade, which signifies a greater
carrying capacity. This principle applies consistently to Tables 2 and 3 as well. In addition, please refer to Figure 3
for the meaning and dimension details of the indicators in the table.
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Table 2. SI, CI, RI, and WLECSCC grading evaluation intervals.

SI <1.417 [1.417,2.759) [2.759, 3.202) [3.202, 4.329) >4.329
CI <1.714 [1.714, 2.754) [2.754,3.147) [3.147, 4.636) >4.636
RI <1.662 [1.662, 2.809) [2.809, 3.107) [3.107, 4.215) >4.215
WLECSCC <1.629 [1.629, 2.774) [2.774, 3.146) [3.146,4.425) >4.425
Table 3. WLECSCC grades during different stages in various regions of Heilongjiang Province.
Simulation Results Evaluation Level
Area First Stage Second Stage  Third Stage First Stage Second Stage  Third Stage
Harbin 2.676 2.880 3.075 I 111 I
Qigihar 2.605 2.635 2.812 II I III
Jixi 2.908 3.124 3.253 III
Hegang 3.157 3.417 3.698
Shuangyashan 3.001 3.168 3.093
Daqing 2.753 3.025 3.177
Yichun 2.962 3.114 3.312
Jiamusi 2.831 3.101 3.096 III III III
Qitaihe 2.812 2.810 2.789 11 III III
Mudanjiang 2.963 3.089 3.104 111 111 11
Heihe 2.661 2.857 3.005 II III III
Suihua 2.582 2.765 3.026 II I III
Daxing’anling 2.818 3.153 3.256 11 v v

3.2. Determination of Grade Simulation Interval

The threshold values of each indicator in Table 1 are input into the RBMO-RF model
to obtain the grading evaluation intervals of the stability index (SI), synergy index (CI),
resilience index (RI), and WLECSCC index. The system level is set to I-V. The higher the
level, the greater the system carrying capacity. The results are shown in Table 2.

3.3. Analysis on the Spatiotemporal Variation Characteristics of WLECSCC in the Province

As can be seen from Figure 5a, in terms of the overall trend, the SI of Heilongjiang
Province showed an upward trend from 2003 to 2021, but with certain volatility. It has
two stable periods and two mutation points. The stable periods occurred in 2010-2012
and 2014-2018, respectively. The first mutation point occurred in 2009, which is also the
maximum point, with an SI of 3.230. The second mutation point occurred in 2013. The
lowest value occurred in 2007, with an SI of only 2.381. As shown in Figure 5b, the CI
has an obvious cyclical growth pattern, displayed in 2003-2010, 2011-2012, and 2013-2021.
The CI is stable in these periods, being 2.636, 2.883, and 3.130, respectively. As can be
seen from Figure 5c, the RI showed a trend of first increasing and then decreasing in
2003-2006, 2007-2009, and 2010-2013, with a short period of stability in 2013-2014; the RI
showed a steady growth trend from 2015 to 2021, and the maximum point occurred in 2021
at 3.000.
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Figure 5. (a—c) Trend changes in SI, CI, and RI in Heilongjiang Province from 2003 to 2021; (d) trend
changes in WLECSCC in Heilongjiang Province from 2003 to 2021; (e) MK test results of WLECSCC
in Heilongjiang Province from 2003 to 2021.

The M-K test was used to analyze the trend of WLECSCC in Heilongjiang Province.
The results are shown in Figure 5e. As can be seen from Figure 5d,e, the WLECSCC in
Heilongjiang Province showed an upward trend from 2003 to 2021, with certain fluctua-
tions. The UF value from 2003 to 2006 was [0,1.96], indicating that the WLECSCC had an
insignificant upward trend. The UF value in 2007 was [—1.96,0], indicating that WLECSCC
showed an insignificant downward trend, and the WLECSCC in 2007 was the lowest
during the study period, with a value of 2.556. The UF value from 2008 to 2011 was [0,1.96],
indicating that WLECSCC had an insignificant upward trend. The UF value of WLECSCC
from 2011 to 2021 was greater than 1.96, indicating that WLECSCC showed a significant
upward trend at this time. In addition, the two curves UF and UB intersect between 2015
and 2016, indicating that WLECSCC began to mutate at this time, with its upward trend
becoming more obvious. It reached its highest level in 2021 at 3.0331. The changing trend
of WLECSCC can be divided into three stages. The first stage (2003-2011) is the “low-level
fluctuation period”, the second stage (2012-2015) is the “growth period”, and the third
stage (2016-2021) is the “rapid growth period”.

3.4. Analysis on the Spatiotemporal Variation Characteristics of the WLECSCC in Cities
3.4.1. Analysis on Interannual Variation Characteristics of the WLECSCC in Cities

Taking all prefecture-level cities in Heilongjiang Province as the research objects, the
changes in WLECSCC are divided into three stages: the first stage (2003-2011), the second
stage (2012-2015), and the third stage (2016-2021). The indicator data of the three stages
were substituted into the RBMO-RF model to obtain the carrying capacity simulation results
and evaluation levels of each region in the three stages. The results are shown in Table 3.

As shown in Table 3, from 2003 to 2011, 2012 to 2015, and 2016 to 2021, the WLECSCC
grade changes in Jiamusi, Qitaihe, Mudanjiang, and Hegang showed a “stable” charac-
teristic. Jiamusi, Qitaihe, and Mudanjiang remained at level III, and Hegang remained at
level IV. The changes in the WLECSCC levels of Suihua, Qiqihar, Jixi, and Yichun showed a
“stable first, then increasing” characteristic. From 2003 to 2015, the carrying capacity levels
of Suihua and Qiqihar were stable at level II and rose to level III from 2016 to 2021. From
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2003 to 2015, the carrying capacity levels of Jixi and Yichun were stable at level III and
rose to level IV from 2016 to 2021. The changes in the WLECSCC levels of Heihe, Harbin,
and Daxing’anling showed the characteristics of “increasing first and then stabilizing”.
The carrying capacity levels of Heihe and Harbin increased from level II to level III from
2012 to 2015 and remained at level III from 2012 to 2021. The carrying capacity level of
Daxing’anling increased from level III to level IV from 2012 to 2015 and remained at level
IV from 2012 to 2021. Daqing’s WLECSCC grade shows a “full-range growth” feature,
with the carrying capacity grade rising from level II to level IIl and then to level IV. The
WLECSCC grade of Shuangyashan showed a “fluctuating” characteristic, with the carrying
capacity grade rising from level III to level IV and then dropping to level IIL

From the analysis of the overall development trend, the WLECSCC distribution in
various regions was between level III and IV, accounting for 82.1%, and level II accounted
for only 17.9%, indicating that the overall WLECSCC level in Heilongjiang Province is
good. By comparing the simulation results of level I WLECSCC in different periods, their
values are all distributed in the right half of the level I interval [2.202, 2.774), being very
close to the lower limit of level III, 2.774. Among them, 71.4% of level Il is upgraded to
level III. Further analysis shows that when the level simulation result is greater than 2.635,
WLECSCC can jump to level III in the later period, and 2.635 is exactly 95% of the lower
limit of level III. Similarly, by comparing the simulation results of level III WLECSCC
in different periods, the values are distributed in the right half of the level III interval
[2.960, 3.146), accounting for 60.9%. The stability of level III is good. When the level
simulation result is greater than 3.114, the WLECSCC can jump to level IV in the later
period. A value of 3.114 is 99% of the lower limit threshold of level IV. By comparing the
simulation results of level IV WLECSCC in different periods, the minimum value is 3.153
and the maximum value is 3.698, and the values are all distributed in the left half of the
level IV interval [3.146, 3.786), which proves that the level IV WLECSCC is not high, and
the level IV carrying capacity is relatively vulnerable. In the later stage, it is necessary to
further rationally allocate resources and strengthen technical control to maintain the current
level. In summary, there is no level V WLECSCC in the various regions in Heilongjiang
Province from 2003 to 2021, and the risk of fluctuations in the carrying capacity level still
exists, with huge potential for improvement. It is worth further analyzing the key driving
mechanisms within the WLECSCC and identifying its key driving factors, which will help
decision-makers to formulate better resource allocation plans.

3.4.2. Analysis on Spatial Variation Characteristics of WLECSCC in the City

In order to more intuitively analyze the spatial variation characteristics of WLECSCC,
the spatial distribution maps of WLECSCC levels in Heilongjiang Province as a whole and
in three time periods were drawn, as shown in Figure 6.

As shown in Figure 6a, the SI of Jixi, Daqing, Jiamusi, Harbin, and other cities is at a
relatively low level and has weak stability, indicating that the water resource, land resource,
and energy resource subsystems in these regions have high levels of resource development
and demand, and the issue of resource supply imbalances is more prominent. In contrast,
the Sl levels in Yichun, Heihe, and Daxinganling are better, indicating that the degree of
resource development and utilization in these areas is low and the internal carrying risk of
resources is low. It can be seen from the trend line that the overall change trend in different
periods is relatively consistent.
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Figure 6. Spatial distribution characteristics of WLECS SI, CI, and RI in various cities in Heilongjiang
Province at different times: (a) SI; (b) CL (c) RIL

As shown in Figure 6b, the CI levels of Hegang and Daging are relatively high, while
the CI level of Heihe is relatively low, indicating that the resource utilization structure and
matching pattern of Hegang and Daqing are more reasonable, while Heihe has problems in
resource allocation. Except for Shuangyashan, where the CI showed a downward trend
from 2016 to 2021, the CI of other cities showed an upward trend in different periods,
indicating that various cities and districts in Heilongjiang Province are developing healthily
in terms of resource allocation.

As can be seen from Figure 6¢, compared with the overall development trends of
the CI and SI, the overall change in the RI has an obvious fluctuation trend. Among the
cities, Qigihar showed a downward trend in the second stage, the trend for Jiamusi and
Mudanjiang declined slightly in the third stage, Qitaihe showed a continuous downward
trend, and the rest of the cities showed an upward trend. This shows that Qitaihe lacks
the ability to resist natural disasters and external interference, and its social, economic,
and environmental systems are facing great challenges and difficulties. It should increase
investment in agricultural science and technology and environmental protection to improve
this situation.

As can be seen from Figure 7a, from 2003 to 2021, the areas in Heilongjiang Province
with low WLECSCC levels were Suihua in the central region and Qiqgihar in the western
region, and the area with the highest WLECSCC level was Hegang in the northeastern
region at level IV. The rest of the areas had a WLECSCC at level III. The overall WLECSCC
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level showed a spatial pattern of “low in the west, high in the east, and stable in the north
and south”.
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Figure 7. Spatial distribution characteristics of WLECSCC in various cities in Heilongjiang Province
during different periods: (a) 2003-2021; (b) 2003-2011; (c) 2012-2015; (d) 2016-2021.

As shown in Figure 7b, from 2003 to 2011, the areas in Heilongjiang Province with a low
WLECSCC level were located in the western and central regions, with level Il accounting
for 38.46% and level Il accounting for 53.85%. Hegang was the only area with a level IV
WLECSCC during this period. The overall WLECSCC level showed a trend of “increasing
from west to east”.

As shown in Figure 7c, from 2012 to 2015, the overall WLECSCC level showed a trend
of “radiating from the middle to all directions”. Level II accounted for 15.38% and level 111
accounted for 61.54%. Compared with 2003-2011, the transition rate for level II reached
60%, Shuangyashan and Daxing’anling jumped from level III to level IV, and Hegang
continued to maintain its level IV WLECSCC. The WLECSCC level increased well during
this period.

As shown in Figure 7d, the overall WLECSCC level from 2016 to 2021 showed a
“fluctuating growth” trend. From northwest to southeast, the spatial pattern was “high-
low-high-low-high”, and from southwest to northeast, the pattern was “high-low-high”,
with level III accounting for 61.54% and level IV accounting for 38.46%. Compared with
20122015, the carrying capacity during this period increased significantly, with Suihua and
Qigihar rising from level II to level III; Daqing, Yichun, and Jixi jumping from level III to
level IV; and Daxing’anling and Hegang continuing to maintain their level IV WLECSCC,
while Shuangyashan dropped from level IV to level IIL

3.5. Key Driving Factor Analysis

The RBMO-RF model is used to calculate the weights of the criterion layer, the sub-
system layer, and each indicator, and the indicator weights are arranged in descending
order, with the cumulative weight thresholds set at 25%, 50%, and 75%, respectively. On
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this basis, the indicator levels are divided into very critical, critical, relatively critical, and
generally critical according to the cumulative weights. The results are shown in Figure 8.
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Figure 8. Analysis of importance of different levels: (a) Quasi-measurement layer; (b) subsystem;
(c) indicator.

As shown in Figure 8, in terms of the criterion layer weights, the weights of stability,
collaboration, and resilience are 0.226, 0.438, and 0.336, respectively, and the weight of
collaboration weight is the highest, indicating that the degree of collaboration of each
subsystem has the greatest impact on WLECSCC. In terms of subsystem weights, the
cumulative weights of the water-land resource system, environmental system, water—
energy system, and economic system exceed 60%, indicating that Heilongjiang Province’s
WLECSCC is not only affected by the coordinated allocation of resource endowments
but also by the degree of economic development and environmental protection. This
shows that even when resource endowments are not abundant, regional WLECSCC can be
improved by optimizing resource allocation plans, improving scientific and technological
competitiveness, and paying attention to environmental protection. In terms of indicator
weights, the cumulative weights of the first 3, 8, and 16 indicators are 25.06%, 50.93%, and
75.22%, respectively, exceeding the cumulative weight threshold. Therefore, WL3, WE2,
and WL1 are set as “very critical indicators”, LE2, WE1, LE1, N3, and M3 are set as “critical
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indicators”, M1, N2, M4, N1, W4, N5, 52, and E1 are set as “relatively critical indicators”,
and the remaining indicators are set as “general critical indicators”.

4. Discussion
4.1. Feasibility of WLECSCC Research

Water resources, land resources, and energy resources are the basic resources for
human life. The connection, dependence, and constraint relationships between them
will inevitably affect the regional industrial structure and resource supply and demand
adjustments and further affect economic development and regional stability. Regional
agricultural production cannot be separated from the coordinated configuration among the
three. Clarifying the coupling relationship among the three is a prerequisite for optimizing
the configuration plan and maintaining green agricultural development. The WLECSCC
concept and evaluation method proposed in this paper are important links in optimizing
the allocation of regional water, land, and energy resources. In 2011, the Bonn Conference
in Germany first proposed that there is a complex feedback relationship between water
security, food security, and energy security, which triggered a wave of research on the
interdependence and trade-offs between these three resources in the nexus relationship and
laid the foundation for the study of the mechanism of multi-factor coupling systems [45].
The literature focuses on the study of the regional “water-soil-energy—carbon” coupling
mechanism, providing a new theoretical perspective for revealing the coupling relationship
between multiple resources and their environmental effects [3]. The literature measures the
safety assessment and joint risk probability of the “water-soil-energy” system and clarifies
the interactive relationships within the water—soil-energy coupling system [1]. In addition,
the theoretical research on carrying capacity in a mature field has been transformed from
utilizing a single-factor to a multi-factor integrated perspective. The traditional single-factor
research on water, land, and energy carrying capacity obviously does not meet the actual
needs of real-life systems. The resource and environmental carrying capacity is closely
related to the level of regional social and economic development and human interference.
Scholars have conducted many theoretical and empirical studies on the carrying capacity
of individual resource subsystems and local related resource systems. The existing research
results on the relationship between resource and environmental carrying capacity and
social development are rich and solid.

However, this article did not fully consider factors such as climate change, government
policies, and global economic trends when designing the indicator system. This shows that
the properties of WLECSCC are complex and require more thinking and research in the
future. Meteorological conditions such as precipitation and temperature are closely related
to the basin hydrological cycle, and through the hydrological cycle process, they further
affect the total amount of available water resources and water environment capacity in the
basin. Government policy changes have far-reaching impacts on water management, land
use planning and energy extraction, which in turn will change the existing agricultural
system. Global international trade and competition will also intensify competition for
agricultural products and lead agricultural production towards a development model of
efficient resource utilization.

In summary, the important foundation laid by many scholars in the field of multi-
objective evaluation from the perspective of multi-factor, multi-system, and multi-scale
integration provides theoretical support and guidance for the proposal of the WLECSCC
concept and evaluation method in this paper.
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4.2. Model Comparison
4.2.1. Model Accuracy

To evaluate the performance of the RBMO-RF model, we assessed the RBMO-RF
model, the PSO-RF model, and the random forest model using different parameters, namely
N =500, m =1, v'M, (log,(M) + 1). The mean square error (MSE), mean absolute error
(MAE), mean absolute percentage error (MAPE), and determination coefficient (R?) were
used as model performance evaluation indicators. Each model was run 50 times, and
the average values of the performance evaluation indicators of the above models were
calculated. The results are shown in Figure 9.
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Figure 9. Model performance comparison.

As shown in Figure 9, compared with the PSO-RF, RF1, RF2, and RF3 models, the
RBMO-RF model has different degrees of optimization in its MAE, MSE, RMSE, MAPE,
and R2 values. Its MAE decreased by 5.27%, 13.91%, 16.11%, and 13.73%; its MSE decreased
by 13.86%, 19.91%, 13.99%, and 13.99%; its RMSE decreased by 6.28%, 13.24%, 16.28%, and
13.23%,; its MAPE decreased by 9.34%, 13.89%, 15.99%, and 15.22%; and its R? increased by
0.01%, 0.03%, 0.04%, and 0.05%, respectively. In summary, the RBMO-RF model is a more
accurate evaluation method.

4.2.2. Comparison of Evaluation Results of Different Models

The RBMO-RF, PSO-RF, RF1, RF2, and RF3 models were used to evaluate the WLEC-
SCC in Heilongjiang Province and various cities. All models were run 50 times. On this
basis, the rationality coefficient and stability coefficient of the five models were calculated
using Formulas (7) and (8). The detailed results are shown in Table 4.

Table 4. Rationality coefficient and stability coefficient of each model.

Model RBMO-RF PSO-RF RF1 RF2 RF3
R 0.989 0.956 0.941 0.923 0.950
S 2.148 1.571 1.494 1.139 1.531

It can be seen from Table 4 that compared with the PSO-RF, RF1, RF2, and RF3 models,
the rationality coefficient R of the RBMO-RF model increased by 3.45%, 5.10%, 7.15%, and
4.11%, respectively, while the stability coefficient S increased by 36.73%, 43.78%, 88.59%,
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and 40.30%, respectively. Compared with other models, the WLECSCC evaluation results
of the RBMO-RF model have obvious advantages in stability and rationality.

4.3. Discussion of Evaluation Results
4.3.1. Analysis of Evaluation Results of the SI, CI, and RI

As for the provincial SI, although there is a certain degree of volatility, it shows an
overall upward trend, with the maximum point occurring in 2009. By checking the weight
ratios of the subsystems of water resources, land resources, and energy resources and the
inter-annual changes in indicators, it was found that the water resource subsystem had the
highest weight, with a value of 10.35%. In 2009, the W1 indicator changed significantly,
increasing by 114.22% compared with 2008. According to the 2009 Heilongjiang Water
Resources Bulletin, the increase in the total amount of water resources in Heilongjiang
Province accounted for 83.05%, exceeding the multi-year average of 23.2%. The abundant
precipitation greatly supplemented the total amount of water resources in the province,
causing the SI to reach a maximum value that year. Similarly, by checking the 2007
Heilongjiang Water Resources Bulletin, it was found that Heilongjiang Province experienced

a dry year that year, with the total water resources decreasing by 23.608 billion m?

compared
with the previous year, resulting in the SI reaching a minimum value that year.

The CI reflects the synergy between the water and land, water and energy, and land
and energy subsystems. Based on the cyclical growth trend of the inter-provincial CI, it can
be seen that the synergy between the subsystems in Heilongjiang Province is developing
in a benign manner. By comparing the weights of specific indicators and the interannual
variation patterns, it was found that the two indicators with the largest fluctuations were
WL3 and LE2, both of which promoted the CI. Compared with 2003-2010, the average
growth rates of the two indicators in 2011-2012 and 2013-2021 were 71.57% and 30.73%
and 102.45% and 59.93%, respectively.

In terms of the RI, the fluctuations are quite obvious. The RI reflects the effects of eco-
nomic environment and human interference on each subsystem, and the leap-like changes
conform to the laws of nature. Analysis of specific indicators revealed that M3 and N3
are the main controlling factors. Due to the unpredictability of the N3 factor, it has an
inhibitory effect on the RI. However, with economic growth and improvements in human
environmental awareness, the increase in agricultural technology and environmental pro-
tection investment will slow down the inhibitory effect of the N3 factor, which is also the
reason for the overall upward trend of the RI.

4.3.2. Analysis of Carrying Capacity Index Evaluation Results

Through the M-K test earlier in this article, it can be seen that the change in carrying
capacity shows three stages. The first stage (2003-2011) is the “low-level fluctuation period”,
the second stage (2012-2015) is the “growth period”, and the third stage (2016-2021) is the
“rapid growth period”. The changes in WLECSCC levels in Jiamusi, Qitaihe, Mudanjiang,
and Hegang showed a “stable” characteristic. Jiamusi, Qitaihe, and Mudanjiang remained
at level III, and Hegang remained at level IV, while the WLECSCC levels of Suihua and
Qigihar were upgraded from level II to level III from 2016 to 2021. Analyzing the changes in
SI, Cl, and RI during this period, compared with 2003-2015, the average increase rates were
0.14%, 11.96%, and 24.39% and —1.83%, 15.73%, and 2.70%, respectively. It can be seen that
the growth of CI and RI promoted the improvement of the carrying capacity level, and the
negative growth of SI and the low increase in CI and RI resulted in Qiqihar’s comprehensive
carrying capacity index being lower than that of Suihua. Similarly, the average increase
rates of Jixi and Yichun were —3.78%, 6.96%, and 16.31% and 0.90%, 6.65%, and 18.08%,
respectively. The changes in WLECSCC levels in Heihe, Harbin, and Daxinganling showed
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a “first increase and then stable” characteristic. From 2012 to 2015, the carrying capacity
levels of Heihe and Harbin increased from level II to level III. Upon analyzing the changes
in SI, CI, and RI during this period, it was found that the average increase in each index was
0.31%, 2.14%, and 17.01% and 1.07%, 14.57%, and 2.23%, respectively. The reason why the
WLECSCC remained at level III from 2016 to 2021 was that all indexes showed an upward
trend. The same is true for Daxing’anling. Daqing is the only city with full-process growth.
The average increase in CI and RI was 19.35% and 20.96%, and the increase in each segment
was 11.17%, 16.49%, 7.37%, and 3.84%, respectively. The growth in the second stage was
obvious, which caused the overall carrying capacity to jump to the lower threshold of level
IV. The growth in the third stage was general, but the level jumped to level 1V, indicating
that the level IV carrying capacity was not high and there was a risk of decline, which was
consistent with the comprehensive evaluation results of the model.

5. Conclusions

This study takes Heilongjiang Province, China’s main grain-producing area, as the
research area and constructs a regional WLECSCC evaluation index system. Based on
this, the RBMO-RF model was used to analyze the spatiotemporal variation characteristics
and driving mechanisms of WLECSCC in the study area from 2003 to 2021. The specific
conclusions are as follows:

The SI, CI, and RI all show an upward trend. The SI is greatly affected by the water
resource subsystem. The growth of the CI indicates that the synergy among the subsystems
in Heilongjiang Province has developed benignly. The change in the RI is greatly affected
by the environmental subsystem and has a certain degree of uncontrollability.

The weights of stability, collaboration, and resilience are 0.226, 0.438, and 0.336, re-
spectively, indicating that the degree of collaboration of each subsystem has the greatest
impact on WLECSCC; through the cumulative weight threshold, WL3, WE2, and WL1
are judged as “very critical indicators”, indicating that the level of WLECSCC is not only
affected by the coordinated allocation of resource endowments, but the degree of economic
development and environmental protection also cannot be ignored.

The M-K test shows that the WLECSCC shows an overall upward trend, but with
certain stage changes. The period of 2003-2011 was a period of low-level fluctuations,
2012-2015 was a period of growth, and 2016-2021 was a period of rapid growth.

In terms of model performance, the R and S of the RBMO-RF model are 0.989 and 2.148,
respectively, which are higher than those of other models, indicating that its evaluation
results are more stable and reasonable.

6. Research Deficiencies and Prospects
6.1. Research Deficiencies

Due to the complexity of the WLE coupled system, the existing research framework
does not comprehensively consider climate change, socio-political factors, and global eco-
nomic trends. It is inevitable that some factors will be overlooked due to the lack of existing
knowledge and the impact of technological levels. In addition, the unique dynamic integra-
tion properties of carrying capacity require a complete and related dynamic monitoring
network of system elements to assist various departments in sharing information.

6.2. Research Prospects

In the future, as production levels and human environmental awareness improve,
the level of coordination and cooperation among departments will improve, which will
make up for the information omissions caused by insufficient real-time monitoring. In
addition, with the continuous development of artificial intelligence, an endless stream
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of new high-quality intelligent algorithms will emerge, machine learning will become
more mature, and the mixed-parameter adjustment of multiple algorithms will further
improve the accuracy of model evaluation. Future research will focus on designing a
more comprehensive and scientific evaluation indicator system and further exploring the
universality of better evaluation models in other regions. Finally, carrying capacity research
always serves the purpose of regulation, and future research should focus on formulating
carrying capacity regulation plans based on driving mechanisms.
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