Sf8 #4 H 03H

AR EE N E LS — RT3
HERE BN £ B

MR RARERERES
HEWEB4  : University of Toyama Bk &% 800 TH
e %E  : Shishir Sharmin Fr)& : Global Research Centre for FZ : Assistant Professor
(v ¥ —3 V) | Advanced Sustainability Science (Bh#0)
(GRASS)

#WFZEE H : Assessing and predicting the challenges and uncertainties of rice cultivation in Toyama

Prefecture, Japan

(A - BRI B T D RIEORE & R EMEORHi R L OFH )

HRABE

KRS & HIERRIRALIZR R Y — o 2B LS, (EWOEFEEZE N L CNET, ZORE, BEARZN A
COMEEMEDRH Y 3, BAROKEIL, KURZBEIRCHSRFRERIC K 52 mEA7 I L0 | REE 2RI
ICEMPN TS, UE— b7 L MaxEnt PHIET U V7 FEEZERA L CEEBLSOH 5 /KA EZFET
DT LI, BEOETERRT) & RIEISE D, HUIBIZI T 5 HE B9 H-D Mg 25 T oo Frfge rTRE 70 8 BRI 1)1 72 3 1)
IRRRR M T D, ZOTIRIE, ERBEREZRFET D 2 LT, [UBELAEOHSRENRIUSER T 2 K HO
HBEED AR Z R T 5 b D Th D, AR, B ILFOKRTIZER T 2 AL R EIC T - BORIZEZR D
& DI AT OfRRR 2R T D720, KGO TV 4, #E, BIORMIEEZERT LI E2HM
ELTWD, BHIFIA - BHEEEATIC L D & B ILROK T TiE 2000 4226 2025 22T TR 590
NI B =D LTz, FORER. EEORKE L FHRIR, B X ORBREEFERDIKEOME M I EL 5
ZH5FHERTHY, Zhb SEROBHEEGEILT0%% B2 T\WD I EARENTz, AKEIZALE T HICm-
THEADT 5 ETHERINTEY, KEPEDT D AEEENEWVIIRIL 738 ~7 ¥ — 1 e Flllah b —FH, X
F M E O FFHIC L BB RIEREIE 2392 ~ 7 # — I BB, ZOKBORED B L Ok TR E N BRI,
E ITORIEICE > TEIENZR ) A7 LoD, K[BEEBPTRIECHEIGT 2 ECRIFTRELEMT 572005
BOBY AL, FREFPOEE, HHEOKE, BLIOESOEENREHNEENIRETHDL, b
DOEJSHRIL, BEFHRILOE Y (LA 2 HEHE U, Frie rTRE /0t BRI I L ORI OM A et B 2 (23 5 72
DICHD TEHETH H, KPR, Ftr 2Bl E EIE (SDGs) 0¥ —47 v | 13 (RUBELEIHE) &
LN HUROBEIR, BB EREDOER, REREBOSE, Fife T ie/R R OHEZ B453 SDG 2 ~OH %
Hff LT\ 5,

(In English)

Climate change and global warming are altering weather patterns, threatening crop productivity. The
resultant impact can be food insecurity. Japan's rice farms are in a precarious situation due to a
multifaceted crisis driven by climate change and socio-economic factors. Utilizing remote sensing and the
MaxEnt predictive modeling approach to identify declining rice fields can significantly enhance
agricultural potential and provide a pertinent solution for integrated, place-based sustainable
management in the regions. This technique suggests the likely abandonment of rice fields owing to climate

change and socio-economic context by identifying the principal factors contributing. The research aims to




explore rice cultivation's scenarios, challenges, and uncertainties to bring policy-relevant, place-based
solutions for food security in Himi City, Toyama Prefecture, Japan. The land-use and land-cover analysis
shows that rice fields have decreased by 590 ha from 2000 to 2025 in Himi City. The results indicate that
summer precipitation and mean temperature, along with the number of agricultural management people,
are the primary factors influencing the potential abandonment distribution of rice fields, accounting for a
cumulative contribution of >70%. Rice fields are expected to decline northwestward, and the high
probability for declining regions of rice fields is predicted to be 733 ha, while the total area of decline due to
various ranges of vulnerability comprises 2392 ha. This decrease in rice fields and the probable future
decrease present potential risks for rice cultivation in Himi City. Future efforts for mitigating the effects of
climate change on rice planting adaptation should include sowing period changes, cultivar innovation, and
rationalized application of fertilizer. These adaptable solutions are critical for advancing rural
revitalization initiatives and promoting the integrated advancement of sustainable socio-environmental
and agricultural development. This multidisciplinary research seeks to contribute to Target 13 (climate
action) of the Sustainable Development Goals (SDGs) and SDG 2, which aims to eradicate hunger, achieve

food security, improve nutrition, and promote sustainable agriculture.

Land use land cover (LULC) change detection in Himi city

LULC classification for Himi, Toyama, was accomplished to evaluate environmental changes between
2000 and 2025. Figure 1 illustrates the LULC maps of Himi city for 2000 and 2025. This map shows the
comparison of the land types in the study site by six LULC classes (Table 1). Yellow is for rice fields,
green colors for vegetation cover, blue color for water bodies, gray for other types of vegetable and/or
non-perennial crops (i.e., barley, tomato, soybean, corn, etc.), and bare land, and brown color for built-up
areas. The overall area of Himi city was 230.56 kii, from where the built-up area decreased by 999 ha from
2993 ha. Deciduous forest, orchard, and shrub areas increased by 3839 ha from the year 2000 to 2025
(Table 1). The potential reasons behind the decrease in built-up areas include depopulation and settlement
abandonment. A number of agricultural lands or rice fields were converted into plantations, orchards, and
abandoned by growing shrubby vegetation, which led to an increase in deciduous forest, orchard, and
shrub area. On the other hand, water bodies have decreased by 3.5 ha, and rice cultivated land has
decreased by 590 ha because of the abandonment of rice cultivated fields and conversion to orchards due
to depopulation and shortage of agricultural labor. This current study shows that rice cultivated land has
decreased from 2450 ha to 1860 ha between 2000 and 2025, respectively, which is comparable to the crop
statistical survey's estimate of a decrease from 2230 ha to 1580 ha between 2000 and 2024 (MAFF 2025).
The ridge between plots and access roads to the rice field was included in the LULC of rice cultivated land
classification analysis. Additionally, the imagery collected in the months of June-July provides a precise

estimation of LULC, which aligns with the rice cultivation period.
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Figure 1: LULC classification map of Himi city, Toyama, Japan. In this map, a. represents the boundary of

Japan, b. boundary of Toyama Prefecture showing Himi City, c. boundary of Himi City, d. the left side map

represents the year 2000, and e. the right side represents the year 2025.

Table 1: LULC classification table and area statistics of Himi city, Toyama, Japan. The characteristics of

land feature types of the existing LULC are provided in the table in the Remarks column.

LULC Class Area in 2000 Area in 2025 Remarks
(ha) (ha)

Waterbody 132.4287 128.8441 Lake, ponds, ditches, canals, and rivers

Deciduous forest, 6561.214 10401.09 Plants dropping leaves with seasonal variations,

orchard, and shrub orchards, and shrubby plants

Evergreen forest 8546.382 6930.839 Plants retain green leaves throughout the year

Rice cultivated land 2450.291 1860.787 Land under rice cultivation, ridge between plots,
and access roads to the rice field

Built-up area 2993.826 1994.479 Settlements, road networks, and other
commercial and industrial built-up areas

Other vegetables 2400.605 1768.072 Non-perennial crops (barley, tomato, soy, corn,

and bare land

etc.) and bare land

A stratified random sample technique has been used for both 2000 and 2025 to assess accuracy. For

each LULC class in Himi City between 2000 and 2025, 40 validation samples were chosen, totaling 240

reference points. Strong agreement between the categorized map and reference data was demonstrated by

the classification's overall accuracy of 87.5% and 94.17%, respectively, with a k coefficient of 0.85 and

0.93 for the years 2000 and 2025.



The following 15 local key areas were selected to predict the future trends of rice fields based on the
substantial rice field abandonment, i.e., Shinbo, Ron-den, Okubo, Tae, Hayakashi, Ogume, Hizume, Hinata,
Mio, Tokonabe, Kuzuba, Kume, Furezaka, Iwase, Miuchi. The LULC classification analysis was
conducted before conducting MaxEnt modeling in these 15 local areas (Figure 2). The comparative results
reveal significant shifts in the landscape. Most notably, Rice cultivated land areas showed a substantial
decline, dropping from 250 ha to 206 ha from the year 2000 to 2025 (Table 2). Other vegetables or
non-perennial crops (barley, tomato, soy, corn, etc.) and bare land have also undergone a decrease of
around 43 ha, suggesting potential land abandonment or preparation for development activities. Conversely,
deciduous forests, orchards, and shrub areas experienced a sharp increase, growing from 719 ha to 1221 ha,
suggesting potential land abandonment leading to the rise of shrubby vegetation and the establishment of
other deciduous forest species and orchard plantations. Evergreen forest perceived a reduction of 286 ha
because of industrial developments, population aging, and the abandonment of traditional management.
Lack of human intervention (coppicing/thinning) has led to unmanaged forests as rural populations decline,

allowing for rapid, unmanaged succession (Ministry of the Environment Government of Japan 2010).
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Figure 2: In this map, a. represents the boundary of Japan, b. boundary of Toyama Prefecture showing the
Himi City, c. Himi City showing selected regions, and d. selected regions inside Himi City, e. the LULC
maps of the selected area in 2000, and f. 2025.

Table 2: LULC classification table and area statistics of 15 local areas in Himi city, Toyama, Japan

LULC Class Area in 2000 (ha) Area in 2025 (ha)

Waterbody 14.96 9.53
Deciduous forest, orchard, and  719.89 1221.52




shrub

Evergreen forest 1362.69 1076.02
Rice cultivated land 313.80 228.13
Built-up area 205.24 125.13
Other vegetables and bare land  250.37 206.91

Note: See Table 1 for the characteristics of land feature types of the existing LULC in the

Remarks column.

Based on the resulting confusion matrix of the Kappa coefficient ( k), the classification achieved an
overall accuracy of 88.33% in 2000, with a & coefficient of 0.86, indicating strong agreement between
the classified map and reference data. In 2025, the accuracy assessment results showed an overall accuracy

01 93.89% and a « coefficient of 0.92.
Prediction of probable rice field scenario using Maxent modeling

The Maxent model output shows an enlarged area of rice field decline or abandonment than the existing
area. The output range of the modeling result varied from 0 to 1. The value near zero means lower
susceptibility, and the value near one means higher susceptibility. The warmer color shows the area of
higher vulnerability to abandonment of the rice field. The average AUC is 0.75, which represents the

rational and acceptable accuracy of the model (West et al. 2016).

Figure 3 shows the prediction scenario of rice field abandonment in Himi city using Maxent modeling.
The predicted area was classified into four classes. The lower susceptible area ranged up to 0.243, the
medium susceptible area ranged from 0.244 to 0.392, the medium-high area ranged from 0.392 to 0.53, and
the highly susceptible area ranged from 0.531 to 0.86. The high vulnerability areas are yellow in color, and
the low vulnerability areas are dark blue in color. Figure 3 showed that most of the north-western parts of

the area are at high risk of abandonment.
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Figure 3: Prediction scenario of rice field abandonment in Himi city using Maxent modeling. The area
includes 15 selected local regions of Himi city, Toyama. The lowest probable decline of the rice field

displayed dark blue in color. The highest susceptible area of decline is shown in yellow.

The highly vulnerable areas that fall under the great risk of probable abandonment are Ron-den,
Mio, Tokonabe, and part of Kuzuba and Furezakaa, including a small part of Kume and Okubo, which
comprise an area of 733 ha. The major causes of probable decline in this area are high-altitude forested
areas, which are primarily far from the locality. A few dissected settlements were found in this area, where
some are abandoned. The medium-high and medium ranges of probable threat to decline include mostly
Ogume, Kume, Hinata, Okubo, Kuzuba, and most of the Miuchi area, comprising approximately 1660 ha.
This region is located primarily in the central part of the study area and near the settlements associated
with forest cover. On the other hand, the less vulnerable area consists of Shinbo, Tae, Hayakashi, part of
Iwase, and a small part of the Furezaka area. The total area of decline due to various ranges of

vulnerability comprised 2392 ha, coupled with contemporary functional agricultural land.
Contribution of climatic variables and their response curves to the model

The following table (Table 3) gives estimates of the relative contributions of the environmental variables to
the Maxent model. The highest contributing climatic variable is precipitation for summer, contributing >
27%. The second contributing variable is the socio-economic variable of the number of agricultural

management people, which contributes > 25%. Mean temperature (°C) for summer and mean maximum



temperature (°C) for summer combinedly contribute > 27.5%. Precipitation for spring (mm) and
senior-aged people has a lower contribution of less than 10% influence on the rice field abandonment.
Precipitation for summer (mm) has the highest permutation importance of 27.2. The second and third
permutation importance were 26.9 and 19.4, respectively, for the variables of Mean maximum temperature
(°C) for summer and the number of agricultural management people. The fluctuation or changes of these

variables may cause variations or further decline in rice fields in the future years.

Table 3: Relative contributions of the environmental variables to the Maxent model

Variables Percent contribution Permutation importance
Precipitation for summer (mm) 27.8 27.7
Number of agricultural management people 25.5 19.4
Mean temperature (°C) for summer 17.1 10
10.7 26.9

Mean maximum temperature (°C) for summer

Precipitation for spring (mm) 9.7 13.2

Senior-aged people 65+ 9.1 2.8

The response curves in Figure 4 show how each environmental variable influences the Maxent

prediction. Precipitation for summer has the strongest influence on the model when the value is 587 to 596

mm, with a concave trend of effects and some fluctuations. Precipitation for spring (mm) constantly
impacts the model output when the range is 439 to 442, with fluctuations inside the graph from the value
436-438 (Figure 4). The socio-economic variable for senior-aged people 65+ has a continual impact on the
model when the number is 20-125. The impact of senior-aged people is higher when the number increases
to 130-155, which means the land abandonment is susceptible to increasing along with the increase of
senior aged people. Mean temperature (°C) for summer shows the regular trend in the model, except that
>25(°C), where there is a sharp vertical increase in the line. Mean maximum temperature (°C) for summer
exhibits a concave pattern of influence on the model, with an increase in line at =29. The number of
agricultural management people demonstrates that the likelihood of land abandonment decreases with

increasing numbers.
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Figure 4: Response curve of the six variables in Maxent modeling. The mean response (red) and mean +/-

one standard deviation (blue, with two shades for categorical variables) are represented by the curves.

The LULC results of this study exhibited that the rice cultivated land area has decreased from 2450 ha to
1860 ha in the study area, which represents the direct socio-economic influences of a lack of agricultural
workers due to depopulation and aging of the society. On the other hand, the MaxEnt prediction modeling
depicted that precipitation and mean temperature for summer have the highest contribution to the rice field
abandonment in the near future, which determines the impacts of climatic factors on it. According to the
results, this study concludes that the socio-economic and climatic factors are combinedly impacting the
rice field abandonment in the study area. Moreover, the high-risk "hot spot" areas of rice field
abandonment were stated as medium-high and high susceptibility by the predictive modeling. These
findings will support policymakers, professionals, or locals to concentrate and take measures on further
revival of the rice-cultivated area in the assessed study sites. The findings of this research recommend that
specialists and government bodies focus on the protection of rice fields abandonment based on the
contributing factors. Further research is required to predict the future trend based on the in-depth
socio-economic conditions. Overall, the MaxEnt-based results showed that sustainable land-use planning
requires place-based, climate-informed adaptation techniques. Decision-makers can improve resilience,
protect biodiversity, and minimize maladaptive land-use change under persistent climatic pressure by
coordinating development constraints, ecological restoration, and agricultural support with locally
dominating environmental factors. Despite the above concluding remarks, this study is limited to a small

rural area, which limits its generalizability.
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