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Climate Change Analysis of Hokkaido by Mesh Data Using Koeppen

Climate Classification
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Abstract

Most Japanese high school students learn about climatology and its classifications by studying geography. Of
the numerous forms of climate classification, the Koeppen classification (Koeppen, 1936) is the most widely used.
This classification method illustrates the differences in global climate according to vegetation associated with five
main climate types including A, tropical; B, arid; C, temperate; D, continental; and E, polar. These climate types are
defined by monthly temperature and precipitation and are further divided into various subtypes according to seasonal
temperature and precipitation changes.

Only two of these types, C and D, and certain subtypes apply to Japan. The main transition band between these
types is distributed through Hokkaido and Tohoku. Miyamoto (2009) analyzed the Automated Meteorological Data
Acquisition System (AMeDAS) data reported by the Japan Meteorological Agency in local areas and divided Hokkaido
into the following four climate provinces: Cfa, humid subtropical characterized by mild climate with hot summer and
no dry season; Cfb, marine west coast characterized by mild climate with warm summer and no dry season; Dfa, humid
continental characterized by humid climate with severe winter, hot summer, and no dry season; and Dfb, characterized
by humid climate with severe winter, warm summer, and no dry season. Moreover, numerical land data in Japan is
prepared by the national government and is based on 1-km mesh climate data including temperature, precipitation, and
solar radiation. This information is calculated by AMeDAS observation data, which considers topographical and urban
effects on climate.

The present study area is Hokkaido, Japan, excluding the four northern territories occupied by Russia after World
War II. The local climate distribution was analyzed by applying the 1-km mesh climate data for two periods: 1971-2000
and 1981-2010. Climate change during these periods was clarified by comparing the two distribution maps.

As a result, the climate in Hokkaido was classified into the following regions: temperate in the southern coastal area
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(Cfa; Cfb; and Cs*, which is characterized by mild climate with dry summer); continental in most part of Hokkaido
including near the Sapporo metropolitan area (Dfa; Dfb; Dfc, characterized by subarctic climate with severe winter,
cool summer, and no dry season; and Dwh, humid continental climate characterized by humid climate with severe, dry
winter and warm summer); and a very limited Polar region near the top of the Mt. Taisetsu (ET, tundra, characterized
by Polar tundra, no true summer). These results have not appeared in previous literature.

The climate divisions remained unchanged during these two periods in more than 97% of the study area. In this
study, the tendency and the changes in the area of division in the remaining less than 3% area are considered.

Near the borders of main classification types and subtypes determined by Hokkaido, climate change is sensitive.
As a result of analysis in the present study, the following 14 division change patterns have been determined: 1) Cfa--
>(Cfb, 11 mesh at the west side of Oshima Peninsula; 2) Cfb-->Cfa, 88 mesh at the inland of the west side of Oshima
Peninsula; 3) Cfb-->Cs*, 5 mesh at the west side of the Matsumae Peninsula; 4) Cs*-->Cfb, 10 mesh at the west
side of Oshima Peninsula; 5) Cfb -->Dfh, 135 mesh at the west side of Okushiri Island; 6) Dfb -->Cfb, 391 mesh near
Muroran; 7) Dfb -->Cs*, 25 mesh at Shakotan Peninsula; 8) Dfb -->Dfa, 19 mesh in Sapporo; 9) Dfb-->Dfc, 205
mesh at the highland area in Hokkaido; 10) Dfc-->Dfb, 865 mesh at the highland area in Hokkaido; 11) Dfb-->Dwb,
247 mesh at some parts of eastern Hokkaido; 12) Dwh-->Dfb, 41 mesh along the coast near Mukawa; 13) Dfc-->ET,
1 mesh near the summit of Asahidake at Mt. Taisetsu; and 14) ET-->Dfc, 1 mesh near the point of 13). Moreover,
interactive change such as Cfb<-->Dfb is apparent near these classification borders; warming changes such as Dfb--
>(Cfb are more obvious than cooling changes such as Cfb-->Dfb. In addition, temperature change is more prominent
than precipitation change; dryer changes such as Dfb-->Dwb are more obvious than wetter changes such as Dwb-
->Dfb. Remarkable warming is apparent owing to the heat island effect, particularly in the urban area of central
Sapporo. Wetter changes such as Dwb-->Dfb are distributed in several parts of eastern Hokkaido and drier changes
such as Dfb-->Dwa are distributed only along the coast near Mukawa.

In this study, Hokkaido was chosen as the research area because its size allows for Koeppen climate classification to
be adopted for describing global climate change. However, the result of this study can also be applied to local climate
change because it includes the classification of climate-type borders. It has been determined that the main climate
change around Hokkaido is warming; the reasons for this change will be considered in future work.
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