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Abstract: The outbreak of the Asian migratory locust (Locusta migratoria migratoria) (AML) can deal a
great blow to agriculture and grassland farming. The emergence of high-density locusts facilitates
the outbreak of locusts. Understanding the forming mechanism of the high-density spot of locust
(HDSL) is very important for locust monitoring and control. To achieve this goal, this paper took
Nong’an County, which used to form an HDSL in 2017, as the study area. Firstly, based on the
habitat classification system, support vector machine (SVM), random forest (RF), and maximum
likelihood (ML) methods were employed to explore the best classification method for locust habitats.
Then, the optimal method was applied to monitor habitat dynamic changes from 2014 to 2017 in
the HDSL in Nong’an. Finally, the HDSL forming mechanism was clarified coupled with habitat
dynamic changes and meteorological data. The results showed that the SVM method was the optimal
method, with an accuracy of 95.28%, which is higher than the RF and ML methods by 0.25% and
8.52%, respectively. The annual increased barren land and sufficient reeds provided adequate suitable
habitats for the breeding of AML. From 2014 to 2016, the temperatures during the overwintering
and hatching periods were higher than the 20102018 average, and the precipitation during the
spawning period was lower than the 2010-2018 average. The precipitation during the growing
period in 2017 was 30.8 mm less than the average from 2010 to 2018. All these characteristics were
conducive to the reproduction of locusts. We concluded that the suitable habitat and meteorological
conditions increased the locust quantity yearly, resulting in the formation of HDSL. These results are
instrumental for monitoring potential high-risk outbreak areas, which is important to improve locust
control and ensure food security.

Keywords: Asian migratory locust; habitat dynamic changes; meteorological condition; HDSL
forming mechanism; time-series remote sensing

1. Introduction

Asian migratory locust (Locusta migratoria migratoria) (Linnaeus, 1758) (AML) is a
threat to agriculture and grassland farming in northeast China due to its strong capacity for
migration and aggregation [1,2]. Under optimal conditions, an AML can lay 200-300 eggs.
Without external intervention, the number of locusts will increase exponentially after a
new generation of breeding, which can destroy a large number of crops in a short time,
resulting in reduced food production. Since the outbreak of the AML in Xinjiang in the
1940s, China has invested a great deal of effort in controlling it, and the AML basically did
not break out by 2010 [3]. However, in recent years, with the impact of human activities
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and climate change, new suitable habitats for AML were constantly formed and could
not be monitored by the plant protection departments in time, resulting in sudden locust
plagues in unexpected locations, thus causing continuous threats [4,5]. The formation of the
high-density spot of AML in Nong’an of Jilin Province in 2017 is a good example, with the
highest density of more than 1000 adults/m? [6], which made it difficult for plant protection
departments to control. Therefore, clarifying the formation mechanism of the high-density
spot of locusts (HDSL) is of great importance for locust monitoring and early warning.

The formation of the HDSL is a consequence of a continuous accumulation of locusts
in quantity and density, which is affected by both habitat changes and meteorological con-
ditions [7,8]. Habitats are the ecological environment for locust breeding [9], which provide
food and places for locust growth, development, and reproduction [10,11]. Meteorological
conditions are the key factors that are related to high-density locust forming. Temperature
and precipitation can influence the whole locust cycle, including hatching, spawning, and
growing periods [12-14]. Therefore, the analysis of high-density locust forming mecha-
nisms should consider both habitat dynamic changes and meteorological conditions.

Previous studies have conducted considerable research on locust habitat monitoring
and meteorological conditions needed for locust growth, respectively. For locust habitat
monitoring, remote sensing has been widely used because of its advantages of real-time
and large-scale observations [15-18]. The researchers mainly focused on mapping and
dynamic change monitoring of locust habitat, detection of potential breeding areas, or
dynamic changes of vegetation in locust habitat [13,19-21]. In the aspect of meteorological
conditions analysis, studies are mainly focused on how the precipitation and temperature
in different growth periods affect the activities of locusts, as well as the meteorological
anomalies of locust plague years [22-24]. At the same time, some scholars have analyzed
locust outbreak mechanisms combined with habitat dynamic changes and meteorological
factors [25-27], but these studies are usually only qualitative analyses, which cannot meet
the need for precise control of locusts. Though Propastin et al. [28] coupled habitat dynamic
changes with meteorological conditions to define reasons for high-risk AML outbreak areas
forming in the Balkesh Lake Basin, the study did not analyze locust quantity and density
dynamic changes under the effect of both habitat changes and meteorological conditions,
which limits locust warning efficiency.

Given the above research status and the current demand for locust prevention and
control, this paper regarded Nong’an County, a high-density spot for AML, as the research
area and applied the support vector machine (SVM), random forest (RF), and maximum
likelihood (ML) methods in AML habitat classification based on Landsat 8 remote sensing
images. Then, the method with the highest accuracy was used to monitor habitat changes
of the HDSL from 2014 to 2017. Furthermore, the AML forming mechanism was analyzed
by coupling habitat changes with meteorological conditions. This study could provide
theoretical support for the early identification of potential high-risk areas of AML, which is
important for the improvement of locust prevention ability and assurance of food security.

2. Materials and Methods
2.1. Study Area

The study area is located in Nong’an County of Jilin Province (Figure 1la),
124°31' E~125°45' E, 43°55' N~44°55" N, which lies in the Northern Hemisphere with
a monsoon climate of medium latitudes and has four distinctive seasons. The average
annual temperature is 4.7 °C, and the annual precipitation is 507.7 mm [29], with less
rainfall in January and more in July. Meadow soil, swamp soil, alluvial soil, saline-alkali
soil, and aeolian sand soil are distributed in the study area, of which swamp soil, alkaline
soil, and meadow soil are suitable for the oviposition of AML. Furthermore, lakes, bubble
ponds, reservoirs, and other water are scattered in the study area (Figure 1b). Sufficient
water provides a suitable growth environment for the reed, which is the main habitat
and food source of the AML. Based on the above analysis, the study area has a suitable
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environment for AML breeding. In addition, Nong’an County has a large area of cropland.
A locust outbreak will cause serious damage to agriculture.
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Figure 1. (a) Location of the study area in Jilin Province; the yellow area represents Nong’an County;
(b) true—color composite image of the study area based on Landsat OLI; the red line represents the
boundary of Nong’an County; (c) the Yuanbao pool where a high-density locust outbreak occurred.

In 2017, a high-density AML outbreak occurred in the Yuanbao pool of Nong'an
County (Figure 1c). The total area of locust plague is 2333.33 hm?, of which the high-
density spot is 773.33 hm?. The average locust density is 100-200/m?, with densities that
can reach up to 1000/m?. This paper selected an area of 41,409 hm? around the Yuanbao
pool as the HDSL (Figure 1c). There is a large area of reed in the Yuanbao pool, and the
biomass can meet the demand for AML propagation. In addition, the soil is mainly alkali,
while livestock, poultry, and aquaculture are scattered in the area. In summary, the Yuanbao
pool has a suitable environment for locust spawning and living, and it is difficult for plant
protection departments to determine when locust outbreaks occur.

2.2. Data Source and Preprocessing

Considering cloud cover, time, and coverage, Landsat 8 OLI data were selected as the
basic image. According to the growing and developing period of the AML in northeast
China, the images during the locust hatching or growing period (May to June) from 2014 to
2017 were selected. Finally, the images (path: 118, row: 29) of 4 June 2014, 16 June 2015,
17 May 2016, and 11 May 2017 were used in the classification. To explore the feasibility
of the three methods in monitoring locust habitat, the image on 11 May 2017, which is
nearest to the high-density locust occurrence time, was applied to classify the whole study
area habitat. The other images were used to monitor the habitat in the HDSL. Images
were preprocessed by radiometric correction, atmospheric correction, and masking before
habitat classification.



Agronomy 2022,12, 1610

4 of 14

Tropical Rainfall Measuring Mission satellite (TRMM) data were used to obtain
monthly precipitation in the study area from 2000 to 2018. Simultaneously, ERA5_LAND
data produced by the European Centre for Medium-Range Weather Forecasts were ap-
plied to obtain the monthly temperature from 2000 to 2018 in the study area. In addition,
high-resolution Google Earth images were used to assist with selecting samples.

2.3. Methods

The flowchart in Figure 2 demonstrates our methodology. It shows our analytical
method and the data used during each process. First, the habitat classification system
of AML was established, and then SVM, RF, and ML methods were applied to explore
the most suitable habitat classification method. Then, habitat dynamic changes in the
HDSL from 2014 to 2017 were monitored by the most suitable method. Finally, combining
the temperature and precipitation data from 2010 to 2018, this paper analyzed the HDSL
forming mechanism.

Landsat8 OLI
time-series @
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Figure 2. Flowchart of the forming mechanism of the high-density spot of locust. AML, Asian
migratory locust; SVM, support vector machine; RF, random forest; ML, maximum likelihood; HDSL,
high-density spot of locust.

2.3.1. Establishment of the Habitat Classification System

The largest proportion of habitat in Nong’an County is cropland, where rice, corn,
potato, and soybean are mainly grown. AML rarely breeds in farmland affected by years of
regular farming, but it is also necessary to prevent locusts from migrating to farmland and
eating crops. In this study, lakes, ponds, and reservoirs are scattered and surrounded by
large areas of reed, the annual vegetation of Gramineae, the main food source for AML, of
which sparse reed is most suitable for locust breeding [30]. In addition, under the combined
influence of surface water, groundwater, and climatic conditions, the most distributed soil
type in the study area is alkali, which contains high salinity with little vegetation or some
weeds. Some of them were developed for cropland, but they were regarded as abandoned
cropland due to the low yield [31]. This paper classified them as barren land. Meanwhile,
roads, towns, villages, and farms are considered artificial surface.

The AML habitat classification system established in this study includes five habitat
categories: reed, barren land, cropland, water, and artificial surface, of which reed and
barren land are the most suitable habitat, cropland is occasionally suitable habitat, and
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the others are non-suitable habitat. The classification system is reasonably constructed,
including the frequent, occasional, and non-occurrence areas of AML (Table 1).

Table 1. Habitat classification system of AML.

Habitat Class Description

Reed and other grass on wet or semi-dry soil, mostly Phragmites australis
reed, and mixed with Cyperus rotundus and Digitaria Sanguinalis. The
vegetation conditions provide abundant food for locusts. The low-density

Reed regions (vegetation coverage 35-55%) are optimal for nymph growth, and
the middle-density regions (vegetation coverage 55-75%) are good for
locust sustainability and growth. The high-density regions are not suitable
for locust breeding.

Mostly alkali soil, with less vegetation coverage or fewer weeds. Some of
them were developed for cropland, but they were regarded as abandoned

Barren land cropland due to the low yield. In this system, the barren land with less
human intervention and vegetation coverage provides an ideal
environment for locust oviposition.

Mostly rice, corn, potato, and soybean. Owing to regular manual
management, such as ploughing and irrigation, the field conditions are not
suitable for locust breeding or oviposition, but the crops with exuberant
growth provide an option for locust immigration.

Cropland

Including lakes, ponds, and reservoirs. The water resources are associated
Water with soil moisture and temperature, which further influences the
surrounding vegetation growth.

Including roads, towns, villages, and farms. It is not suitable for

Artificial surface locust breeding.

2.3.2. Habitat Classification Methods

To explore the most suitable method for AML classification, the SVM [32], the RF [33],
and the classical ML method were applied to classify locust habitats. First, to reduce the
band redundancy and improve the classification accuracy, this study took the optimal index
factor (OIF) and correlation coefficient [34] as the discrimination index of data redundancy
and selected the band with the minimum correlation and the maximum OIF index to
participate in classification. Through calculation, this paper found that the red band (band
4), the near-infrared band (band 5), and shortwave infrared band 1 (band 6) were most
suitable for simultaneous classification. Furthermore, vegetation is the main food source
and suitable living environment for locusts [35-37], and NDVlI is the best factor to reflect
the vegetation health situation [38], so this study took NDVI as a band to be a part of the
classification. In summary, the final features involved in the classification were red, near-
red, shortwave infrared band 1, and NDVI. Then, based on the AML habitat classification
system established in Section 2.3.1, ENVI was used to select samples of each habitat. The
samples selected for each habitat are shown in Table 2, for a total of 2635 samples. Among
them, 30% were used as test data, and 70% were used as training data. Finally, the SVM and
RF methods were implemented in Python 3.8, and the ML method was classified in ENVL

Table 2. Sample number of each habitat.

Habitat Class Reed Barren Land Cropland Artificial Surface Water
Sample’s number 152 839 930 400 314

In this paper, the error matrix on sample method was applied to verify the accuracy of
the three classification methods, while producer accuracy (PA), user accuracy (UA), and
kappa coefficient were selected as indices to evaluate the classification results.
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Legend

2.3.3. Analysis of Meteorological Conditions

Locust plagues share a close relationship with meteorological conditions, among which
temperature and precipitation are the two main factors that affect AML oviposition and
propagation. To further analyze the HDSL forming mechanism in Nong’an, the monthly
average temperature and precipitation data from 2010 to 2018 were selected to determine
their influence on the growth of AML. According to AML growth and reproduction charac-
teristics in northeast China, the relationship between temperature and precipitation and
each growth period, including the overwintering period (December to February), the hatch-
ing period (March to May), the growing period (June to July), and the spawning period
(August to September), was analyzed, providing meteorological support for analyzing the
HDSL forming mechanism.

3. Results
3.1. Habitat Classification Results of Nong’an County

The classification results are shown in Figure 3. According to the verification accuracy
results (Table 3), this paper found that the SVM method performed best, with an overall
accuracy of 95.28% and a kappa coefficient of 0.93. The RF had an accuracy of 95.03%, and
the kappa coefficient was 0.92. The ML method performed worst, with an accuracy of
86.76% and a kappa coefficient of 0.80. The classification accuracy might be higher due to
the lack of field survey data, but the test and training data of the three methods were the
same. Therefore, the difference between the three methods could represent each method’s
advantages and disadvantages.

(b) (c)

N

0 10 20km A
N Artificial surface MM Water | Cropland [ Barren land Ml Reed L——L

Figure 3. Habitat classification results. (a) SVM; (b) RF; (c) ML.

Table 3. Overall accuracy and kappa coefficient of the three classification methods.

Evaluation Index SVM RF ML
Overall accuracy (%) 95.28 95.03 86.76
Kappa coefficient (%) 0.93 0.92 0.80

The overall accuracy can only reflect the overall performance but cannot represent
single habitat accuracy among all methods. Therefore, this research calculated the PA and
the UA of a single habitat (Figure 4). For water, the ML method performed worse than the
RF and SVM methods. For example, as shown in the black rectangle in Figure 3, the water
was classified as the artificial surface in the ML method. For barren land and reed, the main
suitable habitat for AML, the SVM method had obvious advantages over the RF and ML
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methods. Using the example of the cropland classification result, the ML and SVM methods
misclassified cropland into reed (red rectangle in Figure 3). For the artificial surface, the
accuracy of the RF method was higher than that of the other methods, but the artificial
surface is not suitable for locust breeding. In summary, the SVM method performed best,
either for the overall accuracy or single habitat accuracy of the AML suitable habitat.
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Figure 4. Classification accuracy for the single habitat of the three methods. (a) PA; (b) UA.

Furthermore, the SVM is classified from low- to high-dimension, which is suitable
for small samples, making it applicable for this research. The RF method classified each
type based on the principle of establishing multi-independent decision trees, and the
classification results were generated by the voting of each decision tree [39,40], which
can reduce the error and result in better classification. Therefore, it can better distinguish
habitats with similar features. The SVM method would appear to be an overfitting phoneme
if the habitat had similar band characteristics, resulting in worse performance. In this study,
the artificial surface had a similar band spectrum to part of the barren land, which caused
lower accuracy in the SVM method. The ML method classified habitat according to the
grey value. As a consequence, it could not distinguish objects with the same grey value.

In summary, the SVM method performed best both overall and on the classification of
the most suitable single habitats, reed, and barren land. Therefore, it is being applied in
further habitat dynamic monitoring.

3.2. Time-Series Habitat Classification Results of HDSL

Based on the SVM method, this paper monitored dynamic locust habitat changes
during the hatching or growing period from 2014 to 2017 in HDSL (Figure 5). The accuracy
is shown in Table 4. The monitor results all had an accuracy of over 90%. Meanwhile, this
paper calculated each habitat area from 2014 to 2017 according to the results (Figure 6).

Figure 5 shows that the habitat in HDSL was complex and was surrounded by large
areas of cropland. Subsequently, some water was scattered in the central Yuanbaowa pool,
which was surrounded by an amount of reed, demonstrating a trend of fluctuation due to
climate change, outside which some barren land was distributed. Figure 5a—d show the
dynamic habitat changes. From Figure 5a, we can see that in HDSL, there was a large area
of reed surrounded by barren land. Because of dense vegetation and lack of sufficient light,
the reed was not suitable for locusts to oviposit. Under this condition, only a few areas
were suitable for locust propagation. In 2015, the reed decreased significantly and turned
into barren land. Compared with 2014, the barren land area increased by 8.24%, providing
more spawning places for the AML. Meanwhile, a certain amount of reeds could provide
sufficient food for locusts. Therefore, the habitat conditions were conducive to locust
reproduction (Figure 5b). In 2016, the increase in water area resulted in reed regrowth.
However, the cropland turned into the barren land, so the propagation area remained at a
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high level, which still provided sufficient place for locusts to breed (Figure 5c). In 2017, the
reed area decreased significantly and turned into the barren land, further expanding the
suitable living environment for locusts. As presented by the statistical data of each habitat
area, from 2014 to 2017, the reed showed a fluctuating trend, from 12% in 2014 to 4% in 2015
and then to 8% in 2016. However, the total amount of reed could still meet the demand
for locust growth. The barren land has increased yearly, accounting for 17.05% in 2014,
which increased to 32.92% in 2017, so the expansion of barren land was responsible for the
increment of AML. In 2017, the reed area decreased (accounting for 2.84%) and became
barren land with low vegetation coverage. With the continuous expansion of suitable
environments, the quantity of locusts increased further.

N
0 1 2 km
I Artificial surface llll Water | Cropland ] Barren land Il Reed A

Figure 5. Habitat dynamic changes in HDSL from 2014 to 2017: (a) 2014; (b) 2015; (c) 2016; (d) 2017.

Table 4. Overall accuracy and kappa coefficient of HDSL from 2014 to 2017.

Evaluation Index 2014 2015 2016 2017
Overall accuracy (%) 97.54 90.84 93.38 95.28
Kappa coefficient (%) 0.96 0.88 0.92 0.93

In summary, the expanding barren land allowed the area of the living environment
for locusts to continuously increase, and enough reeds provided sufficient food for locusts,
which provided suitable conditions for the growth of locust quantity and density.
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Figure 6. Statistics of habitat area from 2014 to 2017 in HDSL.

3.3. Meteorological Factor Analysis from 2010 to 2018

Temperature and precipitation are the key meteorological factors that affect AML
growth and development. By analyzing temperature and precipitation data in the study
area from 2010 to 2018, it was found that the meteorological conditions from 2014 to 2017
were suitable for AML development and growth.

AML has strong cold resistance [41]. Considering its insensitivity to low temperature,
the average temperature in the overwintering period from 2010 to 2018, rather than the
minimum temperature, was selected as the reference index. By analyzing the temperature
data of key growth periods, the results showed that the temperature in the overwintering
period from 2014 to 2017 was higher than the 2010-2018 average (Figure 7a). The higher
temperature during the overwintering period accounted for the higher spawn survival rate.
The result also demonstrated that the temperature in the hatching period (March to May)
was also higher than the 2010-2018 average (Figure 7b), of which the temperature was the
highest in 2017. During the hatching period, the higher temperature was conducive to the
survival of locust spawns.

40 = (a) 10 (b)
1l [\ \9—0/\
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| \ | |E
E -16 | ;lE’ci i
~-18 + 5
_.20 1 i i i 1 i i ] 4 i i i i L i i J
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—e— Temperamure in overwintering period Average temperature —e— Temperature in hatching period Average temperature

Figure 7. (a) Overwintering period (December to February) temperature from 2010 to 2018; (b) hatch-
ing period (March to May) temperature from 2010 to 2018.
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By analyzing the rainfall in each key growth period of the AML, it was found that
the precipitation in the spawning period (August) from 2014 to 2016 was lower than the
2010-2018 average (Figure 8a). Locust spawn can become moldy and die under damp
conditions, while drought conditions are conducive to the survival of locust spawn during
the spawning period [41]. In 2017, the precipitation was 30.8 mm lower than the average
from 2010 to 2018 during the growing period (Figure 8b). Drought conditions improved
the survival rate of locust eggs. This paper also found that during the growing period, the
rainfall before and after the locust plague showed a “3V”-shaped fluctuation (red rectangle
in Figure 8b) [42]. The “3V”-shaped fluctuation means that the rainfall increased before
the year of the locust plague and decreased sharply in the year of the plague, which was
conducive to the forming of HDSL.
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Figure 8. (a) Spawning period (August) precipitation from 2000 to 2018; (b) growing period (June)
precipitation from 2010 to 2018.

4. Discussion
4.1. Analysis of the HDSL Forming Mechanism

Analysis of the meteorological conditions and habitat changes showed that suitable
habitat and meteorological conditions could promote the formation of the high-density
spot of AML.

In 2014, a large area of reeds was distributed in the HDSL, but the dense vegetation
inside the reeds lacked sufficient light, so it was not suitable for the activities of AML [43].
Therefore, the habitat conditions were not ideal for locust growth. However, compared
with 2013, the temperature increased significantly during the overwintering and hatching
periods, and the precipitation was lower than the average of the most recent 10 years during
the spawning period. The higher temperature and lower precipitation could improve the
spawn survival rate, leading to the reproduction of locusts. Kong et al. demonstrated that
the warm winter is conducive to oriental migratory locust outbreaks in Henan province [44].
In fact, AML and oriental migratory locusts belong to one subspecies, so they have similar
characteristics. Therefore, it can be indirectly proven that higher temperatures can improve
the spawn survival rate results. In 2012, Zhang et al. clarified AML ecological characteris-
tics in northeast China. The results also implied that less precipitation during the spawning
period is conducive to AML spawning in northeast China [45]. The same locusts have simi-
lar characteristics in similar regions, so this can prove that the result that less precipitation
during the spawning period is beneficial for AML growth is reasonable. Based on the above
analysis, in 2014, few AMLs grew in the Yuanbaowa pool. In 2015, a large area of reed
was transformed into the barren land, which provided sufficient space for AML to spawn.
Additionally, the temperature was appropriate in the overwintering period and hatching
period, while the precipitation in the spawning period was also suitable. At this time, the
expanding suitable habitat and meteorological conditions worked together, resulting in
the continuous expansion of the AML quantity. In 2016, more precipitation during the
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hatching period led to a rising water level. Sufficient water was conducive to the regrowth
of reeds, which provided an adequate source of food for a large number of locusts. The
suitable habitat, temperature during overwintering and hatching, and precipitation during
spawning were beneficial for locusts. In 2016, the quantity and density of locusts increased
further due to the influence of both habitat and meteorological conditions. In 2017, there
was less precipitation during the growing period, during which the arid meteorological
conditions could improve the hatching rate. Xiong et al. analyzed the AML outbreak
reasons in northeast China and they also illustrated that the drought environment is the key
factor that led to the AML outbreak [46]. Meanwhile, more areas of reed and water were
morphed into the barren land, and appropriate meteorological conditions promoted the
spawning rate and hatching rate. Affected by both meteorological conditions and expanded
suitable habitat, the quantity and density of AML continuously increased.

In summary, due to the suitable conditions, complex habitats in the HDSL, and less
human intervention, it was difficult for the plant protection departments to monitor AML in
time, resulting in the continuous accumulation of locusts, leading to the forming of HDSL.

4.2. Suggestions for Locust Management and Monitoring

Analysis of the HDSL forming mechanism coupled with the dynamic changes in
habitat types and meteorological conditions is of great significance for finding potential
outbreak areas and ensuring food security. Compared with the traditional empirical
locust survey method based on artificial point field surveys conducted by local plant
protection staff, using remote sensing technology to dynamically monitor the AML habitat
has the characteristics of a large area, high efficiency, and high accuracy. The habitat
monitoring results can be used for finding locust infestation risk regions to guide field
survey investigators in identifying locations of locust reproduction [4]. Chemical pesticide
treatments could then be guided and optimized by concentrating on regions with a high
risk of locust infestation.

In addition, analysis of meteorological conditions during the locust growth period
could estimate the spawn rate. Plant protection departments should pay more attention
to the meteorological conditions that suit locust growth, such as higher temperatures
during the overwintering and hatching periods or less precipitation during the growing or
spawning period. Furthermore, the combination of habitat changes and meteorological
conditions can provide better theoretical guidance for the early prevention of locust plague,
which is of great significance for indicating the key locust control areas, and detecting new
locust-suitable habitats in time, accomplishing the precise control of AML, and ensuring
food security.

Different measures should be implemented in different types of locust-suitable habitats.
Reed, especially with 30-50% vegetation coverage, usually appears in low-lying and poorly
drained regions and is a suitable breeding environment for locusts [47]. The high density
of reeds is harmful to locust breeding, so enriching the sparse reed density is considered
a functional measure. Barren land, which accounted for a large proportion of the study
area, was the key area of prevention and control. It can be rectified according to the
specific types: for the stacked wasteland, it should be ploughed again in a calculated way
to eliminate the special environment; secondly, we should pay attention to developing
water conservancy, improving farmland capital construction, and reducing damage; for
severely saline-alkaline land, soil quality can be ameliorated by using soil improvement
and remediation technology, such as applying alkaline soil improver, making full use of
local livestock, poultry manure, and straw resources to accumulate organic fertilizer, and
increasing soil fertility.

5. Conclusions

Locust habitat monitoring and forming mechanism analysis can identify potential
locust breeding areas, which is of great significance for the early prevention of plague.
This paper explored the ability of Landsat 8 data in locust habitat monitoring and forming
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mechanism analysis. SVM, RF, and ML classification methods were applied to the habitat
classification of AML, and the most suitable method was used to monitor habitat dynamic
changes in HDSL from 2014 to 2017. Furthermore, this research combined temperature and
precipitation data to define forming mechanisms of HDSL. We draw the following conclu-
sions: (1) The SVM method performed better for AML habitat classification than the ML
method and the RF method, especially in locust main breeding habitats. (2) By monitoring
habitat dynamics, this paper finds that the increase in the amount of reed and barren land
is related to the forming of high-density locust outbreaks. (3) During the overwintering
and hatching period, the temperatures were higher than the 20102018 average from 2014
to 2016, which improved the locust spawn survival rate. In addition, during the spawning
period from 2014 to 2016, the precipitation was less than the 2010-2018 average, and in
2017, during the growing period, the precipitation was 30.8 mm less than the 2010-2018
average and had a “3V”-shaped fluctuation, which was latently responsible for the forming
of HDSL. This study defined the HDSL forming mechanism in northeast China, which was
instrumental for identifying locust potential areas and ensuring food security.
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