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Abstract—This study is a part of research outcomes of 

JST/RISTEX national project in Japan. Impacts of climate 

change on Japanese Radish in Ichihara city, Chiba prefecture, 

Japan, are analyzed. The model incorporates the consideration 

of both climate variable and technology improvement. Diverting 

from the public recognition that agricultural production would 

be significantly damaged by climate change, we find that with 

the help of technology improvement Japanese radish yields 

could still increase along with an increase in temperature over 

the next 30 years. Along with a further increase in temperature, 

increasing ratio of Japanese radish yield in 2040 to that in 2012 

decreases. Such results reflect the sensitive responses of 

Japanese radish to the changing environment. The results imply 

the adaptability of local agricultural production to climate 

variation and the importance of technology improvement to the 

production of Japanese radish. Stronger adaptiveness to the 

increased temperature, combined with other adaptation 

measures such as policy support, may play key roles in 

restructuring agricultural sector and improving the overall 

competitiveness of Japanese agriculture. In such a case, the TPP 

would become a chance rather than risks to the local farmers. 

All in all, further emphasis should be put on agricultural 

research. 

 

Index Terms—Climate change, Japanese radish in Ichihara, 

technology improvement, temperature, adaptability, the TPP. 

 

I. INTRODUCTION 

Food security is a key word to human beings as our survival, 

socioeconomic growth, culture and health are linked to it. 

Polarization structure of world crop production has divided 

countries to be either net importers or net exporters, making 

agricultural products special “strategic weapons” in 

international negotiation [1]-[3]. 

Regardless of what industries are strong or weak at local 

level, country level, or regional level, all the people in the 

world need to eat in order to survive. Thus, for any country, 

ensuring sustainable development of agriculture is crucially 

important. Since the time of Industrial Revolution in the 19th 

century, humans have increased their influences on global 

climate system, which in turn has impacted different sectors in 

various ways [1]- [4]. Agricultural sector specially is sensitive 

to the changes in the external environment [1]-[3]. In the 

context of national food security and the TPP, analyzing and 

simulating the impacts of climate change on agricultural 

products is extremely important.  

In this study, Japanese Radish (Raphanus sativus) 
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produced in Ichihara, Chiba prefecture, Japan, is purposely 

chosen for analysis for the following reasons. First, among 

different varieties of agricultural products, the average of 

calorie-based self-sufficiency ratios of vegetables is higher, 

around 79% in 2013, next to that of rice and eggs [5]. 

According to official statistics of Japan, Chiba prefecture, 

next to Hokkaido, is the second largest Japanese radish 

producer in Japan [5]. In 2013, 158,100 tons of Japanese 

radish is produced in Chiba prefecture [6]. Given the 

backdrop that the average calorie-based self-sufficiency rate 

in Japan is only about 39% in 2014, the relatively high 

self-sufficiency rate of Japanese radish could mean a lot to 

Japan such as its potential competiveness in the face of the 

TPP [7].  
 

 
Fig. 1. Geographic range of Ichihara (Contour map of Ichihara city is 

acquired from Geospatial Information Authority of Japan) [8]. 

 

Secondly, Ichihara has established Anesaki Japanese radish 

brand, making Japanese radish a representative agricultural 

crop at the local level. Fig. 1 illustrates the geographic range 

of the city, where the latitude ranges from 35°13 ńorth to 

35°32 ńorth and the longitude ranges from 104°07 éast to 

104°08 éast. Furthermore, it can also be found that most 

agricultural crops share a common characteristics. They are 

sensitive to the environmental changes. Thus, it is meaningful 

to understand the impacts of climate change on Japanese 

radish. 

Many past studies have analyzed Japanese radish from the 

perspectives of plant biology and soil science [9]-[13]. Under 

experimental conditions, soil temperature is controlled and 

adjusted to examine its effects on the root system. In another 

case, Chen (2010) focused on the perspective of atmospheric 

gases [14]. The study analyzed how ambient-level gas-phase 
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peroxides affected the growth of Japanese radish. Other 

studies have analyzed the medical effects on Japanese radish 

[15]-[16]. For example, a study conducted by Taniguchi 

(2006) examined the medical effects of Japanese radish 

sprout on diabetes [16].  

Though many past studies have analyzed Japanese radish 

from different perspectives, their analysis focuses are on 

spring Japanese radish variety. However, harvested amount of 

autumn-winter Japanese radish variety in 2013 has been 

found to account for about 67% of the total harvested amount 

in Japan. Thus, it is meaningful to include the consideration of 

both the spring variety and the autumn-winter variety. 

Furthermore, despite the biological perspective of Japanese 

radish is carefully analyzed, the potential impact of climatic 

change on Japanese radish with the consideration of 

technology improvement has not been well analyzed. 

Given above information and the fact that local economy 

depends on the health of agriculture for its further 

development, it is critically important to understand the 

impacts of climate change on Japanese radish. Through 

analysis, we find that with the help of technology 

improvement Japanese radish could still increase along with 

an increase in temperature over the next 30 years. 

Accompanying with a further increase in temperature, the 

increasing ratio of Japanese radish yield in 2040 to that in 

2012 decreases, reflecting the sensitivity of Japanese radish to 

the changes in temperature. Such results are different from the 

public recognition that agricultural production would be 

significantly damaged by climate change. The results also 

imply the possible adaptability of local agricultural 

production to climate variation. The results also illustrate the 

importance of technology improvement to the production of 

Japanese radish.  

Stronger adaptiveness to the increased temperature, 

combined with other adaptation measures such as policy 

support, may play key roles in restructuring agricultural sector 

and improving the competitiveness of Japanese agriculture. In 

such a case, the TPP would become a chance rather than risks 

to the local farmers. All in all, this study is extremely 

meaningful in the context of food security, regional 

revitalization and economic growth, and the potential 

adaptability to the TPP. 

 

II. MATERIALS AND METHODOLOGY 

In this study, temperature variable and technology 

improvement variable are simultaneously incorporated in the 

model to analyze and simulate the effects of climate change 

on Japanese radish as depicted in the Fig. 2. In most cases, 

“CO2 fertilizer effect” is examined under the controlled 

environment where high concentration of CO2 is released to 

analyze its effects on agricultural production. However, in the 

natural environment, atmospheric carbon dioxide 

concentration increases gradually, not abruptly. Hence, the 

effects of changes in atmospheric carbon dioxide 

concentration on agricultural crops in the natural condition is 

not obvious. Furthermore, the interactions of CO2 with other 

environmental variables are still debated among scientists [1]. 

Thus, we assume there is no “CO2 fertilizer effect” and CO2 

variable is not directly included in the model. Rather, it is 

indirectly utilized for simulating the future climate change 

impacts on Japanese radish in three climate change scenarios. 

In this study, the following model is used.  

 
2

0 1 2 3Y TI T T                             (1) 

     

where Y represents Japanese radish yield (100 tons/ha), TI 

indicates technology improvement (linear trend term), T 

refers to the average temperature over the sensitive growing 

stage of both spring Japanese radish variety and 

autumn-winter Japanese radish variety (℃) in  the equation (1) 

(see Fig. 2) [3].  
 

 
Fig. 2. Model structure of this study. 

 

Time series vegetable data at the levels of cities, towns, and 

villages in Ichihara are only available for a limited time. Thus, 

data on planted area (hectares) and harvested amount (tons) of 

Japanese radish over the period from 1994 to 2004 in Ichihara 

city are collected at first [17]. Given the background that year 

to year agricultural production does not change so much, we 

assume the ratio of Ichihara city Japanese radish production to 

Chiba prefecture Japanese radish production is relatively 

stable. For estimation, we also collect data on planted area 

(hectares) and harvested amount (tons) of Japanese radish in 

Chiba prefecture over the period from 1994 to 2012 [18]. For 

both planted area and harvested amount, we have collected 

data of Ichihara city divided by that of Chiba prefecture to 

calculate the ratios. To ensure consistency, we then calculate 

the five-year average ratios (2000-2004) for both planted area 

and harvested amount and use the fixed ratios in the later 

calculation process. To estimate planted area and harvested 

amount in Ichihara over the period from 2005-2012, we 

separately multiply planted area and harvested amount in 

Chiba prefecture over period from 2005-2012 to the 

calculated ratios. By having harvested amount divided by 

planted area, we acquire time series Japanese radish yield data 

over period of 2005 to 2012.The already acquired data over 

period of 1994 to 2004 and the calculated data are combined 

together and are then convert to the units of 100 tons/ha for 

modelling.  

In contrast, climate data are available at designated climate 

stations. Thus, we choose climate observation point at Ushiku 

(latitude: 35°23.8 ńorth, longitude: 140°8.9 éast) that is close 

to Ichihara city within the Chiba prefecture for analysis. 

According to Ichihara report, the growing season of 

autumn-winter Japanese radish variety covers over the 

months from October to the early February in the next year, 

and the growing season of spring Japanese radish variety 

covers months from mid-February to early June [19]. To 

analyze the overall effects of climate change on Japanese 

radish, average monthly temperature from October to June 

over the period of 1994 to 2012 are collected from Ushiku 
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climate observation point [20]. Then, collected average 

temperature data in each year are averaged to acquire average 

temperature that corresponds to the sensitive growing stage of 

Japanese radish. 

 Similar to the method described in Li  ́paper, technology is 

assumed to improve at a stable rate over the analysis period 

and a linear time trend as a proxy of it is utilized in the 

function [1].  

 The estimated Japanese radish results in turn could 

become useful information for farmers in making their future 

production decision. The results could also help 

policy-makers and the government design better policies. The 

estimated results as a guiding index could also be utilized with 

policies to design better strategies to increase its global 

competitiveness (see Fig. 2). 

 

III. RESULTS 

With the processes described in the earlier section, the 

effects of climate change on Japanese radish yields are first 

analyzed (see Table I). Through analysis, we find the 

coefficient of technology improvement variable in the model 

is 0.002. Incorporation of this variable in the model is 

critically important as technology plays a key role in the 

agricultural sector. When temperature is allowed to increase 

1℃ from the current level and technology is set to improve 

continuously, Japanese radish yield in 2040 is simulated to be 

0.65 (100tons/ha). In another case where temperature is 

allowed to increase 1℃ from the current level, but the 

technology variable is controlled to be unchanged from the 

current level, Japanese radish yield in 2040 is predicted to be 

0.59 (100tons/ha). The differences between technology 

improved case and stabilized case indicate the importance of 

technology variable to Japanese radish production. In terms of 

R squared value, previous studies that analyze agricultural 

crops showed a wide range of possible values. In our study, it 

is 0.46 (see Table I). 
 

TABLE I: ANALYSIS RESULTS IN ICHIHARA CITY (DATA OVER 1994-2012 

ARE UTILIZED IN THE MODEL) 

Explained variable (Japanese radish 

yields) 

Ichihara City 

Explanatory variables  Coefficients (t-values) 

Constant -9.367 (-3.01) 

TI 0.002 (2.795) 

T 0.924 (2.07) 

T2 -0.04 (-2.07) 

R-squared 0.46 

Adjusted R squared 0.35 

D.W. 2.16 

 

In this study, Japanese radish yields over the period of 2013 

to 2040 are also simulated and predicted with three climate 

scenarios (see Fig. 3). They are 1) optimistic warmer scenario, 

2) moderate scenario and 3) pessimistic scenario. Similar to 

the method described in Li‟s paper, potential changes in CO2 

concentration and temperature reported in the IPCC reports 

are utilized to predict the potential effects of climate change 

on Japanese radish over the period of 2013 to 2040 [1]. Given 

the fact that temperature fluctuates from year to year, the 

average of temperature from 2008 to 2012 are calculated and 

utilized as the current level temperature in the analysis. In 

each of three scenarios, temperature is set to increase 0.32℃, 

0.72℃ and 1.32℃ separately from the current level. 

 

.56

.58

.60

.62

.64

.66

.68

.70

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Optimistic (0.32 celsius degree temperature increases)
Moderate (0.72 celsius degree temperature increases)

Pessimistic (1.32 celsius degree temperatuure increases)

Year

Ja
pa

ne
se

 r
ad

is
h 

yi
el

ds
 (

10
0t

on
/h

a)

 
Fig. 3. Simulated Japanese radish yields in Ichihara city in three climate 

change scenarios over the period of 2013 to 2040. 

 

TABLE II: RATIOS OF ICHIHARA JAPANESE RADISH YIELDS IN 2040 TO THAT 

IN 2012  

 Optimistic 

climate 

scenario 

Moderate 

climate 

scenario 

Pessimistic 

climate scenario 

Ratios of Japanese 

radish yields 

(2040/2012) 

1.15 1.13 1.05 

 

Using the model described earlier, we simulate the 

potential impacts of climate change on Japanese radish over 

the period of 2013 to 2040 and find that the Japanese radish 

yields in 2040 increase above the current level in all climate 

change scenarios (Fig. 3 and Table II). Among three types of 

climate change scenario, yield shows the best performance in 

optimistic scenario where temperature increases 0.32 Celsius 

degree from the current level. Along with a further increase in 

temperature, increasing ratio decreases. In comparison with 

the optimistic scenario, ratio of Japanese radish in 2040 to 

2012 is lower in the moderate scenario (1.13). The ratio 

becomes 1.05 in pessimistic scenarios. The results reflect the 

sensitive responses of Japanese radish to changes in 

temperature. 

For Japanese radish, its optimal growing temperature 

ranges between 17 to 20 
0
C [21]. While an increase in 

temperature in the colder autumn and winter is welcome to 

autumn-winter variety, it could damage the development of 

spring Japanese radish variety and impact the overall yield.  

Interestingly, though the potential changes in temperature 

could impact the growth of spring Japanese radish variety and 

affect the overall yield results, the negative impacts of climate 

change on Japanese radish could be mitigated with the help of 

continuous technology improvement.  

With this variable considered, Japanese radish yield could 

still be maintained in pessimistic scenario where temperature 

increases 1.32 Celsius degree from the current level (see Fig. 

3 and Table II).  Given the backdrop that food is critical to our 

survival, the mitigating effect of technology variable has 

significant implications for both the nation and regional 

economy. 



  

IV. DISCUSSION 

The estimated results indicate the importance of 

technology variable in mitigating the negative impacts of 

climate change on Japanese radish in Ichihara city. Though 

Japanese radish yields in the city are simulated to increase in 

all climate change scenarios, further increases in temperature 

from the current level can still affect the increasing ratio of 

Japanese radish yield in 2040 to that in 2012. Such results 

reflect the sensitive responses of Japanese radish to the 

exterior environment. Furthermore, it is easier to understand 

that adaptability of local Japanese radish production depends 

on the continuous improvement in technology.  

Estimated results in this study could be utilized for 

designing better agribusiness model. They could also be used 

to restructure agricultural industry at the local level to 

revitalize local economy and regional economy.  

 

V. CONCLUSION 

Given the backdrop that food is critical to our survival and 

many farmers at the local level depends on agriculture to 

support their families, the effects of technology variable in 

mitigating the potential negative impacts of climate change on 

Japanese radish is extremely important to both farmers and 

the nation. From the perspective of on-site practice, 

management, risk adaptation to climate change, and the 

long-term sustainability of agriculture, more emphasis should 

be put on agricultural research as this variable is key to the 

sustainable development of agriculture.  
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