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In Japan, abandoned cultivated lands have increased due to labor shortages caused by aging, low productivity, lack of farmland 
recipients, and poor land conditions. The increase of abandoned agriculture land causes problems such as a decline in the multifunc-
tionality of agriculture, the occurrence of pests, birds, and animals. For this reason, the Japanese government has enacted legislation 
considering the measures to reduce or prevent the abandoned agriculture land. As a result, the area of abandoned agriculture lands 
was 423,000 ha in 2015, and the rate of increase has slowed.

On the other hand, there is RUE (Radiation Use Efficiency) as a numerical value, representing the relationship between the amount 
of crop production and the amount of solar radiation. RUE is obtained by dividing the dry matter production amount by the accumu-
lated light reception amount during the same period, and it is known that the dry matter production amount increases as the accu-
mulated light reception amount increases, although there is a difference depending on the crop.

Our research team has constructed a solar radiation simulation system using GIS (Geographic Information System) and DSM 
(Digital Surface Model) considering the shadow of buildings and trees. As a result, it has become possible to support the selection of a 
place, where the amount of solar radiation falling on the solar power generation system can be efficiently obtained, and to understand 
how much solar radiation can be obtained when the solar power generation system is installed. In addition, it has been incorporated 
with the weather conditions into this simulation system. Finally, a solar radiation simulation considering the weather conditions is 
successfully built.

Based on these circumstances, this research focuses on the amount of solar radiation falling on farmland, and constructs a farm-
land solar radiation DB in consideration of the shadow of buildings and trees and weather conditions for each farmland. The purpose 
of this research is to visualize farmlands that can receive a large amount of solar radiation and to establish a mechanism to support 
prioritization during the selecting abandoned agriculture lands and supporting the reuse of abandoned agriculture lands. In addition, 
the farmland solar radiation DB is designed to build an farmland DB that can manage items such as precipitation, temperature and 
soil in addition to solar radiation, assuming a mechanism to be able to propose crops grown using AI(Artificial Intelligence) in the 
future.

In Japan, abandoned agriculture lands have increased due to 
labor shortages caused by aging, low productivity, lack of farm-
land recipients, and poor land conditions. In Japan, the abandoned 
agriculture land is a statistical term used to describe abandoned 
agriculture land, which is a statistical term that refers to "owned 
arable land that has not been cultivated for more than a year, and 
will not be cultivated again until several years in the future" [1]. 
The increase of abandoned agriculture land causes problems such 
as a decline in the multifunctionality of agriculture, occurrence of 
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pests, birds, and animals. Therefore, the Japanese government has 
enacted laws. As a result, the Japanese government and local gov-
ernments are implementing the following measures. 1. Support for 
the recycling of degraded farmland, 2. Support for efforts such as 
accumulating use for farmers, 3. Support for efforts to facilitate the 
entry of companies, etc. 4. Support for use as a civic farm, 5. Sup-
port for grazing and increasing of feed and so on. As a result, the 
area of abandoned agriculture lands was 423,000 ha in 2015, and 
the rate of increase has slowed [2].

On the other hand, there is RUE as a numerical value represent-
ing the relationship between the amount of crop production and 
the amount of solar radiation. RUE is obtained by dividing the dry 
matter production amount W by the accumulated light reception 
amount Si during the same period. Further, Si is an integrated value 
during the period of the product of the daily solar radiation S0 and 

GIS: Geographic Information System; DSM: Digital Surface Mod-
el; DEM: Digital Elevation Model; RUE: Radiation Use Efficiency; AI: 
Artificial Intelligence; NEDO: New Energy and Industrial Technol-
ogy Development Organization
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Overview of solar radiation simulation system using GIS and 
DSM

The purpose of this research is constructing a mechanism, that 
supports the reduction of abandoned agriculture lands, such as in-
cluding prioritization when selecting abandoned agriculture lands 
and priority when reusing abandoned agriculture lands. In addi-
tion, the farmland solar radiation DB is designed to build an farm-
land DB, that can manage items such as precipitation, temperature 
and soil in addition to solar radiation, assuming a mechanism to 
be able to propose crops grown using AI (Artificial Intelligence) in 
the future.

GIS is a technology that can create, manage, represent, search, 
analyze and share geospatial information [6]. Data used in GIS is 
called geospatial information (geospatial data). Geospatial data is 
divided into two types, raster data and vector data, depending on 
how the components of the real world are abstracted and repre-
sented. The raster data is a data format suitable for expressing a 
phenomenon in which the space continuously changes and a situ-
ation where the boundary is not clear. The vector data is a data 
format suitable for expressing features with clear positions and 
boundaries. The vector data is divided into 1. points, 2. lines and 
3. polygons.

So far, our research team has constructed a solar radiation sim-
ulation system using GIS and DSM. DSM is elevation data, that can 
be used on GIS. DSM is an elevation model with elevations of build-
ings and trees. Another elevation model is the DEM, which has only 
the height of the land. Figure 1 shows the difference between DSM 
and DEM. As it can be seen from figure 1, when DSM is used, it is 
possible to analyze solar radiation simulation in consideration of 
the shadows of buildings and trees. In addition, a solar radiation 
map is created as a result. Figure 2 shows the solar radiation map. 

Our research team has constructed a solar radiation simulation 
system using GIS and DSM considering the shadow of buildings 
and trees. As a result, it has become possible to support the selec-
tion of a place, where the amount of solar radiation falling on the 
solar power generation system can be efficiently obtained, and to 
understand how much solar radiation can be obtained when the 
solar power generation system is installed [4]. In addition, it has 
been incorporated the weather conditions into this simulation sys-
tem and constructed a solar radiation simulation considering the 
weather conditions [5].

In this research, it solves the problem on the agricultural field 
by applying the solar radiation simulation technology, that has 
been established in the electric energy field. It constructs a farm-
land solar radiation DB, that considers the shadows of buildings, 
trees, and weather conditions for each farmland focusing on the 
amount of solar radiation falling on its area. 

The proposed model using GIS constructed in this research con-
sists of the following six functions. Figure 3 shows a functional flow 
diagram:

System overview

Purpose of the Study

Materials and Methods

Figure 1: The difference between DSM and DEM.

Figure 2: Solar radiation map.

1. Function to analyze solar radiation in the area.

2. Function to correct solar radiation analysis results with 
NEDO’s solar radiation DB.

3. Function to convert corrected solar radiation analysis re-
sults to point data.

4. Function to create farmland polygon data while viewing 
aerial photos.

5. Function to extract solar radiation point data using farm-
land polygon data.

6. Function to calculate average solar radiation for each farm-
land polygon from solar radiation point data.

In this research, the area between Yahata Nishi Ward, Kita-
kyushu City and Nogata City in Fukuoka Prefecture, Japan is a 
demonstration area. Figure 4 shows the demonstration area. The 
demonstration area, which plains and mountains have included is 

Research scope

In figure 2, a red zone indicates area with a large amount of solar 
radiation, and a blue zone indicates area with a small amount of so-
lar radiation [4]. The color of the solar radiation map in this study 
is the same.
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Figure 3: Function of the model and flowchart diagram.

the east-west direction about 4 km, an area of about 2.6 km north-
south direction. The plains are widespread fields and paddy fields, 
there is a small hill in the part. There are some fields and paddy 
fields in the residential area. The fields and paddy fields are also 
spreading in the mountains.

Figure 4: Demonstration area.

This function uses aerial photographs and DSMs owned by local 
governments. Therefore, when performing solar radiation analysis, 
1. it takes enormous time to process all areas of the local govern-
ment, 2. the processing may not be possible due to lack of com-
puter memory. Since high-speed processing is required [7] when 
a service is started in the future, it is necessary to extract a target 
area. In order to extract it, it is necessary to draw a polygon of a 
necessary area as a first process. As a second process, it is used the 
GIS Clip function to cut out polygons depicting aerial photograph 
and DSM. Figure 5 shows the above processing steps and process-
ing results. In figure 5, a blue polygon on the aerial photograph 
shows a target area to be extracted.

Next, solar radiation analysis processing is performed on the 
extracted area. This process uses the results of previous research 
in the electric power field. The analysis processing was performed 
by setting the scattering factor of 0.3 and the transmittance of 0.5 
on the GIS (the weather condition is generally sunny). In this re-
search, in order to store more detailed solar irradiance when creat-

Function to analyze solar radiation in the area (Function 1)

Figure 5: Overview of the extraction of the required area.

ing a farmland DB, it is analyzed the amount of annual solar radia-
tion and the amount of solar radiation in each month from January 
to December. In addition, assuming the target crop is fixed, thus, 
it has been developed with a mechanism, that can perform solar 
radiation analysis for a limited period. Figure 6 shows the analysis 
results of the annual solar radiation (Wh/m2).

Figure 6: Annual solar radiation.

In the results of solar radiation analysis created by Function 
1, the weather condition is fixed to sunny. Therefore, to grasp the 
amount of solar radiation that actually falls on farmland, it is nec-
essary to consider the factors of the weather change. Therefore, in 
this function, the analysis result of Function 1 is corrected using 
the value of the “National Solar Radiation Map” held by the New 
Energy and Industrial Technology Development Organization 
(NEDO). In previous research, a horizontal plane was created in 

Function to correct solar radiation analysis results with NE-
DO’s solar radiation DB (Function 2)
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the target area using GIS, and the amount of solar radiation on the 
horizontal plane was analyzed [8]. A correcting method was used 
in which the ratio was obtained from the results of the solar ra-
diation analysis on the horizontal plane and the value of the global 
solar radiation on the NEDO's national solar radiation map, then 
the ratio was multiplied by the result of the solar radiation analy-
sis. In this research, to obtain the high efficiency, the correction has 
been performed using the optimal tilt angle solar radiation on the 
national solar radiation map. Specifically, it is used a method to cal-
culate the ratio from the maximum value of the solar radiation in 
the solar radiation analysis result of Function 1, and the value of 
the optimal tilt angle solar radiation in the NEDO's national solar 
radiation map, and multiply the ratio by the solar radiation analy-
sis result. Figure 7 shows the flow chart between the conventional 
method and the proposed method. In this research, it is corrected 
the annual solar radiation (Wh/m2) and monthly solar radiation 
(Wh/m2). This method also incorporated with the contrastive 
weather conditions into the solar radiation map. Figure 8 shows a 
comparison of the annual solar radiation maps before and after the 
correction. Figure 9 shows the solar radiation maps for each month 
before and after the correction.

Figure 7: Comparison of processing flowcharts.

Figure 8: Comparison before and after correction 
 (Annual Solar Radiation).

Figure 9: Comparison before and after correction 
 (Monthly Solar Radiation).

The purpose of this research is to construct a database of the 
amount of solar radiation, that ultimately falls on each farmland. 
The details are shown in 5.7 and the farmland is created by poly-

Function to convert corrected solar radiation analysis re-
sults to point data (Function 3)

gon data. The result of the solar radiation analysis taking into ac-
count the weather conditions created by the function 2 is the raster 
data. In this research, it is used the ArcGIS software. However, in 
ArcGIS, the raster data values cannot be directly aggregated into 
polygon data. Therefore, it is necessary to convert the raster data 
into the point data, and to aggregate the point data with the poly-
gon data. Therefore, the function 3 is a function for performing a 
process of converting raster data to point data. To convert raster 
data to point data, use “Raster to Polygon” the ArcGIS Conversion 
Toolbox is used. The solar radiation map created by the function 2 
in consideration of the weather conditions is raster data, and it has 
a solar radiation value (Wh/m2) for each mesh. When the “Raster 
to Polygon” process is performed, a point is created at the center of 
gravity of the mesh of the raster data, and the solar radiation value 
is stored as attribute information at the point. Figure 10 shows the 
result of conversion from raster data to point data including su-
perimposition. In figure 10, the colors of the raster data and the 
points are such red area, which indicates a large amount of solar 
radiation. The blue area indicates a small amount of solar radia-
tion. It is possible to see that one point has been created on the ras-
ter mesh.   

Figure 10: The result of superimposing solar 
 radiation raster and points (January).

This function uses the polygon drawing function in ArcGIS. It 
is constructed a mechanism that user can draw polygons on the 

Function to create farmland polygon data while viewing aer-
ial photos (Function 4)
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farmland using an aerial photograph as a base map. Furthermore, 
it has been constructed a mechanism in which when farmland poly-
gons are drawn, the area of the farmland is calculated and stored in 
the DB. This function is designed so that when a local government 
or the like has farmland polygons, the farmland polygons can be 
imported. In this research, it has been drawn 1,825 farmland poly-
gons in the demonstration area. It took about 18 hours to draw. It 
has been discovered that it is necessary to construct a function to 
interpret farmland from aerial photographs using AI to create poly-
gons. Figure 11 shows the farmland polygon drawn on the aerial 
photograph. The pink surface is the farmland polygon. Figure 12 
shows an attribute table of the farmland polygon. It is indicated 
that there are 1825 farmland polygons from the numerical value 
surrounded by the red square.

Figure 11: The farmland polygons.

Figure 12: The attribute table of farmland polygon.

The DSM used in this research has an accuracy of 50 cm x 50 
cm mesh. Therefore, the solar radiation map, which is the result 
of the solar radiation analysis, has the same accuracy. So, the point 
data as the output result of the function 4 is created every 50 cm. 
If the process of summarizing the amount of solar radiation on 
farmland polygons was performed for the point data of the entire 
demonstration area, there was a problem that processing errors 
occurred due to insufficient memory of computers due to too much 
data to be handled, and processing could not be performed. There-
fore, this function solves the above-mentioned problem by reduc-

Function to extract solar radiation point data using farm-
land polygon data (Function 5)

ing the amount of data to be handled when counting with farmland 
polygons. Specifically, the solar radiation points on the farmland 
polygon are extracted. It is used the clip function of GIS to extract 
solar radiation points that overlap farmland polygons. Figure 13 
shows a positional relationship diagram between the solar radia-
tion points on the farmland polygon and the solar radiation points 
outside the farmland polygon. In figure 13, the pink surface rep-
resents farmland. Blue points represent solar radiation points on 
farmland polygons. Red points represent solar radiation points 
that are not on farmland polygons. The right view is an enlarged 
view inside the black frame in the left view. The positional relation-
ship between the farmland polygons and the solar radiation points 
can be confirmed in the right figure. Figure 14 shows the results of 
the part of clips in the demonstration area.

In figure 14, the left figure shows farmland polygons in the dem-
onstration area, and the right figure shows extracted solar radia-
tion points. In the right diagram of figure 14, the color shows the 
magnitude of the amount of solar radiation (Wh/m2), the red color 
indicates that the amount of solar radiation is large and the blue 
color indicates that the amount of solar radiation is small. From 
the above, it has been possible to extract solar radiation points on 
farmland polygons.

Figure 13: The diagram of the positional relationship between 
farmland polygons and solar radiation points.

Figure 14: The result of clip.

In this function, the solar radiation point data on the farmland 
polygon is aggregated by the farmland polygon. The GIS function 
used in this function is spatial join processing. In the spatial join 
processing, the target feature is farmland polygons, the joined fea-
ture is solar radiation points, the aggregation item is the amount 
of solar radiation, and the aggregated method is the calculation of 
an average value. As a result, the annual and monthly solar radia-
tion amounts have been stored in the attribute information of the 
farmland polygon. Figure 15 shows the aggregated result. In figure 

Function to calculate average solar radiation for each farm-
land polygon from solar radiation point data (Function 6)
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Figure 15: The Farmland polygons with solar radiation (annual).

(a) Demonstration area overview               (b) Enlarged view

15, the color shows the magnitude of the annual solar radiation 
(Wh/m2) for each farmland, the red color shows large and the blue 
color shows small. From figure 15b, it is possible to see that the 
farmlands of blue, light blue, green, yellow, etc. have mountains, 
trees, buildings, etc. in the surrounding area and they are affected 
by their shadows. Next, each farmland polygon having the solar ra-
diation amount for year and each month as attribute information is 
subjected to a table joining process. By this processing, the annual 
solar radiation and the monthly solar radiation have been consoli-
dated into the attribute information of the farmland polygon. Based 
on the above, it has been constructed a farmland solar radiation DB 
that stores annual and monthly solar radiation for each farmland. 
The items of the farmland solar radiation DB are shown in figure 
16. The DB items are for farmland surrounded by black frames.

No Percentage from  
Maximum Value

The number  
of farmlands

Area of farmlands 
[m2]

1 90% or less 490 167357.3488
2 80% or less 143 36073.91931
3 70% or less 45 9401.815274
4 60% or less 14 2802.568035
5 50% or less 2 367.4921062
6 40% or less 0 0

Table 1: Percentage of the annual average insolation DB in the 
farmland solar radiation DB from the maximum value and the 

number of corresponding farmlands.

In this research, it is focused on the fact that the larger inte-
grated amount of received light, the larger amount of dry matter 
produced. Then, it has been constructed the farmland solar radi-
ation DB that can be used to address the problem of abandoned 
agriculture land. Specifically, when abandoned agriculture land is 
inevitably generated, it has become possible to preferentially set 
such agriculture land from farmland with a low amount of solar ra-
diation that falls. Also, when abandoned agriculture land is reused, 
it has become possible to preferentially reuse farmland that has a 
large amount of insolation.

Furthermore, in this research, it is used GIS, so the area is ac-
quired when the farmland polygons are drawn. In Japan, when the 
government implements the measures, the area of farmland may 
be indicated as a target for the reuse of abandoned agriculture 
land. Even in that case, the area can be calculated for each amount 
of solar radiation.

In the future, to promote the reuse of abandoned agriculture 
land and encourage young people to start farming, it is necessary 
to build a system that can use AI to propose crops suitable for each 
farmland. Therefore, it is necessary to develop a DB, that incorpo-
rates information necessary for producing crops, such as soil, tem-
perature, soil temperature, and precipitation in the farmland solar 
radiation DB as constructed in this research.

Results and Discussion

In Japan, abandoned arable land continues to increase due to 
labor shortages and other problems. Although there is a difference 
between crops, it is known that the larger integrated light receiving 
amount, the larger dry matter production. In this research, it has 
been constructed farmland solar radiation DB, that can manage the 
amount of solar radiation of falling on each farmland to determine 
the shadows of buildings and trees and weather conditions by ap-
plying the solar radiation simulation technology, that has been es-
tablished in the field of electric energy. As a result, it has become 
possible to visualize farmland, that can obtain a large amount of 
solar radiation and indicate the prioritization when selecting aban-
doned agriculture land and the priority when reusing abandoned 
agriculture land. In other words, it has been possible to construct a 
system to support reduction of abandoned agriculture land. From 
the above, the purpose of this research has been achieved.

Conclusion

Figure 16: The Farmland polygons with solar radiation DB.

At this point, the items of the farmland solar radiation DB are 
loaded with annual and monthly solar radiation. However, these 
items are designed to store data such as soil, temperature, and pre-
cipitation and so on.

The maximum annual solar radiation in the farmland solar 
radiation DB in the demonstration area of this research is about 
1,270,843.125 (Wh/m2). Table 1 shows the ratio of the annual 
amount of solar radiation in the farmland solar radiation DB from 
the maximum value, the number of corresponding farmlands, and 
the total area. It is assumed that abandoned cultivated land will be 
selected because it is not possible to secure workers. Using table 1, 
it can be seen that, for example, if the farmland is about 60% or less 
of the maximum value, 14 locations can be selected, and the area 
is about 2802.568035 square meters. The advantage of using GIS is 
that it is possible to understand the area in this way.
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