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Shiretoko National Park: Land Cover Classification of Core and Buffer Areas

Abstract

The Shiretoko Peninsula was added in 2005 to the UNESCO World Heritage List based on two criteria: that it
is noted as a nexus between marine and terrestrial ecosystems of exceptional ecosystem productivity, and that it is an
important home for species, including many endemic and endangered marine and terrestrial species (UNESCO). Due to
the absence of a detailed land cover map of the protected area and its distinct management regimes, it is the intention of
this project to develop such an improved land cover map through an unsupervised classification of a Thematic Mapper
(TM) image and ancillary data. A secondary goal of the study was to analyze the land cover in different management

regimes and identify potential pressures and threats on the ecosystem.
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Introduction

The goal of this project was to engage in a realistic experience in data and information searches as well as
downloading, importing and analysis through the creation of a GIS and associated project relating to a world protected
area. In conjunction with the above-stated technical “data-mining” goal, the project focus — as it was originally
conceived — was a land cover classification of the various management zones within the greater Shiretoko National Park
for pure classification purposes as well as to identify points of potential stresses on the management areas. A minimum
goal of improving upon the solely available, coarse, one kilometer squared University of Maryland Land Cover
classification was identified at the outset of the study. Referencing studies such as the development of the National Land
Cover Dataset (Homer, et al), | sought to develop a detailed, improved classification of the protected area using remote
sensing derived products, satellite and aerial imagery, and expert knowledge. For reference purposes, | recommend

looking over Maps 1-2 in the Appendix.

Materials and Methods

The Shiretoko peninsula is located in the furthest northeast of Hokkaido, the northernmost island of Japan,
between 43° 56°38” to 44° 21°10” N and 144° 57°57” to 145° 23’ 022” E. As a result of the 2005 listing of the
Shiretoko peninsula as a World Heritage site, the previously one kilometer marine-protected area was extended to three
kilometers, adding approximately 15,000 hectares to the current total protected area of the marine and terrestrial
protected area of 56,000 hectares. Within the protected area, there is a core zone of 34,000 hectares, a buffer zone of
22,000 hectares, and the specially-protected Onnebutsudake wilderness area, which comprises 1895 hectares of the core
area (UNEP). The Shiretoko currently is managed under a variety of protection regimes, including as a strictly protected
wilderness area (IUCN I-a management category), a forest ecosystem reserve (IUCN IV management category), and as
national park and national wilderness protection area (IUCN V management category). The area has been managed by
the Japanese government since 1964. The Shiretoko peninsula is noted as a marine-terrestrial nexus significant for its
uniquely high productivity due in a large part to the annual presence of the most southerly sea ice in the northern
hemisphere. It is also critical habitat for globally threatened sea birds and marine mammals, an important spawning area
for salmonid species, a hotspot of endemism in Japan, and home to the world’s high recorded densities of brown bears.

The major steps in carrying out this classification project can be divided into steps of data download, data
preparation, and data analysis. They are briefly outlined and visualized in the flowchart in Figure 1, Appendix. Most

data preparation and analysis was conducted in ArcMap 9.2, although creation of the tassled-cap (TC) image and
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unsupervised classification were created in Leica Erdas Imagine. Details (python scripting) of selected Arc data analysis
are included within the Appendix. In the course of the project planning and execution, I made two important and related
assumptions critical to a successful classification of the study area: 1) The unsupervised classification would sufficiently
demarcate land cover zones and 2) | would be able to clearly identify a number of different land cover types through my
selected methods and imagery and expert references. Important environmental variables for the project include:

. Projection: UTM, GCS Zone 55N
. Extent: Same as elevation layer
. Cell size / output resolution: 90 m2

1. Data Search and Download:

With the goal of gathering data that would aid in a land cover classification of the study area, | searched for
relevant data and selected the following data layers:

-Thematic Mapper (TM) image: This is the primary layer used in this project to produce tassled-cap and

unsupervised classifications. | downloaded the 8-30-1994 bands 1-7 in the geotiff format.

-World Database on Protected Areas polygon shapefile: From this layer, | extracted the core and buffer protected areas

within the Shiretoko NP that would be used to compare land cover in different management zones.

-University of Maryland (UMD) Land Cover Classification: This relatively coarse land cover classification was

downloaded for the purpose of having an already prepared classification to reference.

-MODIS Vegetation Continuous Fields: Also downloaded for comparative purposes, | expected this layer to indicate the
relative accuracy of my classification and a reference for classification.?

-USGS Seamless digital elevation model (DEM): Here | manually selected the area surrounding the Shiretoko Peninsula

and downloaded two DEMSs, which I then joined together by mosaic. The main reason for downloading the
DEM was to use elevation as a tool to separate different zones of vegetation and also to create a hillshade for
display purposes.

-ESRI world political boundaries: This layer | took from the ESRI database for use as a reference.

-Google Earth and Aerial photography: | intended to use these images both as references in classification and as a

way to assess the produced classification’s accuracy.

! The University of Maryland Department of Geography generated this global land cover classification collection in 1998. Imagery from the AVHRR
satellites acquired between 1981 and 1994 were analyzed to distinguish fourteen land cover classes. This product is available at three spatial scales, 1
degree, 8 kilometer and 1 kilometer pixel resolutions. The project data is of the one kilometer resolution.

2 The Vegetation Continuous Fields collection contains proportional estimates for vegetative cover types: woody vegetation, herbaceous vegetation,
and bare ground. The product is derived from all seven bands of the MODerate-resolution Imaging Spectroradiometer (MODIS) sensor onboard
NASA's Terra satellite.
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2. Data Preparation

In order to create a uniform study area, | exported a selected data frame capturing the Shiretoko Peninsula for
the initially downloaded TM image. This data frame | subsequently used as a mask for all other data layers. Additional
tasks in data preparation included creating contours and a hillshade from the DEM, the conversion of the TM bands
from the geotiff format to the image format for use in Erdas, the creation of an NDVI from TM bands three and four in

ArcMap 9.2, and finally the creation of the tassled-cap and unsupervised classification in Erdas.

-Tassled-cap image: Selecting the greenness band two from this image, | hoped to create a reference for classifying the

vegetation of the study area. However, in the end, it was barely referenced due to more useful references being
available

-Normalized difference vegetation index (NDVI): This component proved to be the most useful in the

stratification of the unsupervised classification.

-Unsupervised classification: The unsupervised classification of Erdas uses Isodata clustering to develop a desired

number of classes. | inputted the tassled-cap image and specified the creation of twenty classes but accepted
the remaining defaults. Unsatisfied with the resulting sixteen classes as reflecting the reality on the ground, |
referenced the University of Northern lowa STORM Project® recommended defaults and selected twenty-five

classes.

3. Data Analysis

Having the resulting twenty-five classes from the unsupervised classification, the next step was the
interpretation of the classes created by the unsupervised training algorithm. For simplification and future comparative
purposes, | masked the UMD land cover data and unsupervised classification with the park buffer and core areas. |
immediately disregarded unclassified cells and several classes that did not fall within the study area, resulting in a new
number of twenty-three classes. Next, | merged the classes representing water, mainly ocean. | also decided to merge
developed areas and snow cover as their classes seemed to overlap. The following stratification of vegetation classes
was the most difficult step of the project. | relied on the NDVI and MODIS Continuous Fields images to indicate

relative differences in vegetation and matched those differences up with the remaining classes and expert opinion

% Science Center for Teaching, Outreach, and Research on Meteorology (STORM).
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regarding vegetation type and altitude (see Figure 2, Appendix). Aerial photography proved of little help. The process
of matching up classes with vegetation types was iterative and relied heavily on ocular estimation and trial and error.
Next, | looked at areas that would have sparse vegetation due to their position on a ridgeline. Using the knowledge of
the peninsula’s tree line being 800 meters in altitude, | tried to limit forest classes to below that cut-off. The next major
distinction | attempted to make was between the two mixed forest types also dependent on altitude (Figure 2, Appendix).
Upon stratification of the classification, | attempted to validate the classes using aerial photography and high resolution
imagery (Google Earth), which resulted in minor changes.

Next, I summed the land cover within each management area for the UMD land cover image and the newly

created classification, which I present in the Results section and Tables 1-2 in the Appendix.

Results

The final classifications of the study are visualized in the Appendix in Maps 1-2, with Map 1 giving the
overview and Map 2 showing detail. Reference layers used in the development are also given for comparison.
Breakdowns of the final classification by land cover type and percent of the total management area can be found in
Table 2 of the Appendix. Similar breakdowns are also provided for the UMD land cover designation, although land

cover types of slightly different.

Discussion

In an overall assessment of my chosen methods to meet project goals, the results are mixed. Initial assumptions
relating to project methodology proved to be only moderately accurate, mostly due to the inability to retrieve necessary
data. On the other hand, as a minimum success, | am confident that the land cover map developed in this project is
superior to the existing resource.

Without in-depth knowledge of the landscape or a defined set of land cover classifications to work from, |
opted for the unsupervised classification. Working from the twenty-three classes processed in Leica Erdas Imagine, |
used existing coarser land cover classifications, greenness / vegetation indexes, aerial photography, and expert opinion
to develop a detailed land cover map for Shiretoko Peninsula. This methodology relied on several assumptions, which |
will briefly discuss. First, | assumed the unsupervised testing algorithm would adequately classify the landscape to
identifiable classes. | am not entirely convinced this assumption was met as there were various instances of confusion
within and among classes. For example, areas of bare dirt, ridgeline, snow, water, and urban development were often

confused. Also, defined classes and assumed breaks in vegetation by altitude were not consistent. However, | was
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hesitant to further increase the number of classes, risking yet more confusion. Related to the first assumption was the
supposition that my ancillary data would sufficiently aid me in interpreting the classification. This assumption was
moderately accurate, although some ancillary data was of no help. For example, despite possessing seemingly good
aerial imagery, it was of no benefit either in classification or validation. On the other hand, high resolution Google Earth
imagery was the most useful in both classification and validation. For the stratification of the classes, | relied on expert
opinion of vegetation zones based on altitude (Figure 2, Appendix) as well as comparisons with NDVI and MODIS
Continuous Fields imagery. The major setback in data gathering was the complete lack of winter imagery, which
prevented me from seeing seasonal changes and thus better distinguishing among forest types through a seasonal change
analysis, for example.

The principal source of classification inaccuracies lie in the manual stratification of classes born out of the
unsupervised classification. Despite relatively good opportunities to validate classes using Google Earth and the NDVI
and MODIS products, without improved expert opinion and ground-truthing of the classes, there was great potential for
error. In terms of the specific classification by management regime area, | had mixed success. From the breakdowns of
land cover type and by total area (Table 2, Appendix), comparisons can be made. For example, it is immediately
obvious that the buffer area contains almost the entirety of the “one kilometer from land” marine protected area. The
table also shows that developed area by percentage of the management area is on par, although | am fairly certain this is
due entirely to a failure to distinguish between snow, bare dirt or ridge and human development, which from my
knowledge is found mostly in the buffer zone. One goal of the project that was not fully met was a classification of all
of the management regimes of the park. | was unable to find either visual or geographic documentation of the location
of the Onnebutsudake wilderness area and email correspondence with the park has been unanswered.

The usefulness of this land cover classification will be for future park planning when needing to assess and
classify impact on areas. Since the Shiretoko National Park has been named a World Heritage Site, it is predicted that
the numbers of tourists will significantly increase in the years to come (IUCN). Therefore, having a detailed, current
land cover map will be a boon for park decision-makers for assessing the types of impact development or increased use

will have on specific areas.



Michael J Donohue ENV261, Final Project

Bibliography

Hansen, M., R. DeFries, J.R.G. Townshend, and R. Sohlberg (1998), UMD Global Land Cover Classification, 1
Kilometer, 1.0, Department of Geography, University of Maryland, College Park, Maryland, 1981-1994.

Homer, C. C. Huang, L. Yang, B. Wylie and M. Coan (2004), Development of a 2001 National Landcover Database for
the United States. Photogrammetric Engineering and Remote Sensing, VVol. 70, No. 7, July 2004, pp. 829-840.

Long 11, Wilbert, Sriharn, Shobha (2004), Land Cover Classification of SSC Image: Unsupervised and Supervised
Classification Using ERDAS Imagine, Virginia State University, Petersburg, VA, IEEE, pp.2707-2708.

M., R. DeFries, J.R. Townshend, M. Carroll, C. Dimiceli, and R. Sohlberg (2006), Vegetation Continuous Fields
MOD44B, 2001 Percent Tree Cover, Collection 4, University of Maryland, College Park, Maryland, 2001.

Shiretoko National Park Nature Center http://www.shiretoko.or.jp/
UNESCO World Heritage, Http://whc.unesco.org/en/list/1193, accessed 19 February 2007.

United Nations Environment Programme, World Conservation Monitoring Centre, Http://www.unep-
wemc.org/sites/wh/shiretoko.html, accessed 19 February 2007.

USGS Seamless Data Distribution System, Earth Resources Observation and Science (EROS) http://seamless.usgs.gov/

Appendix

Figure 1: Project Flow Chart
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Figure 2: Shiretoko National Park Vegetation Zones
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Data source: Shiretoko National Park Nature Center. http://www.shiretoko.or.jp/nature/nature.htm
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Table 1: UMD 1 km Resolution Land Cover Classification

ENV261, Final Project

Class Label Number of 1 km | Number of 1km % of park % of park
cells core cells buffer core buffer
0 Water 30 204 4 37
1 Evergreen Needleleaf 77 33 9 6
Forest
2 Evergreen Broadleaf Forest | 0 0
3 Deciduous Needleleaf 0 0
Forest
4 Deciduous Broadleaf 36 32 4 6
Forest
5 Mixed Forest 643 230 76 42
6 Woodlot 36 35 4 6
7 Wooded Grassland 22 17 3 3
8 Closed Shrubland 0 0
9 Open Shrubland 0 0
10 Grassland 2 0 <1
11 Cropland 0 0
12 Bare Ground 0 0
13 Urban and Build 0 0
Total 846 551 100 100
Source for this data set was the Global Land Cover Facility, www.landcover.org
Table 2: Final Land cover Classifications
Class Label Number of % Core Total Number of % Buffer Total
Hectares Core | Area Hectares Area
Buffer
1 Water (Ocean,
Lake, River) 461 1 7505 30
2 Wetland /
Shallow water 44 <1 134 1
3 Clouds / Snow
/ Bare ground /
Development 997 3 720 3
4 Scant
vegetation 1275 3 360 1
5 Grassland 4345 12 2178 9
6 Dwarf Mixed
Forest 14294 38 6346 26
7 Mixed Forest 11647 31 5428 22
8 Creeping Pine
Forest 4466 12 2065 8
Total 37528 24736
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Map 1: Overall Classification, with reference layers®
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Map 2: Map detail
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