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ABSTRACT

Land cover change (LCC) has been a subject of concern for the past few decades. Land cover
change is noonly affected by anthropogeractivities, but also biophysical drivers such as
droughts, flooding, earthigpkes, climate change and sea level rise. Traditionally, many of the
changes have been recorded qualitatively through the use of comparative photographs and historical
surveys and/oreports. With advancement and development of geospatial technologigmssible

to detectland cover change and determine impacts of human activities on environment and
ecosystem in islands, particularly tropical islands where water quantity and quality is essential to
sustainable development and quality of life. Satelétaote sensing, spatial statistics, geographic
information systems (GIS), and global positioning system (GPS) catilibed to identify land

cover information and determine land cover gemif temporal data are aplieConsidering the
global warmingsea level rise and human induced activities, many island nations or regions are
facing serious problems with environmental sustainability, water resources and water quality. In
order to mitigate the impacts of biophysical and human factors on environhignfportant to

obtain land cover information, and determine land cover change, and evaluate whether human
induced activities affect environment and water quality.

This project will focus on derivation of land covefarmation from satellitemnagesand

determination ofand cover change in Saipan, CNMI. Landgailtispectral ScanneMSS) image

of 1978, and Aster L1B imageof 2009 are employed his project mainly focuses on moderate

spatial resolution data for land cover classificationland cover change detection. Higher spatial
resolution data including QuickBird, GeoEye, IKONOS data, and historical aerial photos may be
employed as reference data. Geospatial technologies such as GIS, spatial analysis and remote
sensingareapplied to canplete the projeciThe results from the project can be applied to further
address other topics such as impacts of human activities on water quality, watershed management,
and island sustainable development in Saipan.
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INTRODUCTION

Land cover change (LCC) has been a subject of concenmafoy yearsLand cover change is

not only affected by humanduced activities, but also by biophysical drivers such as
droughts, flooding, earthquakes, climate change and sea level rise (Lo an@Q0Giig

Examples of LCC are the land clearance for housing, change of native forest into farming
landand human settlemerifires that clear the lands, badlashthamics changes in wetlands,

road construction and many more. These changes can ampliéyasdn, which is the main
source of nofpoint pollution for the streams. With advancement and development of
geospatial technologies, it is possible to monitor land cover change and determine the impact
of human activities on environment and ecosystemlands, particularly tropical islands

where water quantity and quality is essential to sustainable development and quality of life.
Satellite remote sensing, spatial statistics, geographic information systems (GIS), and global
positioning system (GPSan be used to identify land cover information and determine land
cover changes if temporal data are employed (Jensen, 2000 and 2005; Yuan et al, 2005;
Hartemink, Veldkamp and Bai, 2008). Considering global warming, sea level rise and human
induced activites, many island nations or regions are facing serious problems with
environmental sustainability, watguantityand water quality. In order to mitigate the impact

of biophysical and human factors on environment, it is important to obtain land cover
information, determine land cover change, and evaluate whether humandirdtivéies

affect environment, water quantity andveater quality.

The University of Guam Water and Environmental Research InsttdedinatedResearch
Advisory Meeting held in Span, CNMI on October 16, 2012 identified the following as

some of the highest priority research needs for CNMI: a). impact of historical and recent land
use activities on ground and surface water quality and production; b). Streamline all agency
natural reource data collections into a central repository; c). develop GIS database for soil
erosion and watershed management in the CNMI; and d). Develop an updated watershed atlas
for CNMI. The information of land cover and land cover change is indispensaefuete

the mentioned research needs for CNIWis projectfocuseson derivation of land cover
information from satellite imagdsom Landsat anddvanced Spaceborne Thermal Emission
and Reflection RadiometeASTER), anddetermination ofand cover chage in Saipan,

CNMI from 1978 to 2009



RELATED RESEARCH

The development of a spatial diffusion (SDIF) model for simulation of urban land cover
change conducted by Dr. Yuming Wen, was part of a NASA funded project "Multiple
Innovative Models in.and Cover Change Study". In this project, biophysical and socio
economic factors were incorporated to simulate and predict urban land cover change.
Driving forces such as urban centers, transport networks and population, and barriers for
urban developmnt such as wetlands and lakes were used in the model (Wen, 2005).

Developing A Digital Watershed Atlas for Guam was funded by US geological Survey
(USGS) through Water Institute Program, éimel Guam Bureau of Statistics and Plans. The
project focused o developing a digital watershed atlas including physical characteristics

such as soil types, vegetation information, rivers and topography, and outreach activities such
as web publishing of the digital atlas results, and providing a public educatidrttefbaigh
workshops and by working with the local media outlets (TV and radio) to ensure that the
public is aware of the availability of the watershed atlas resourves.ydroguam.ngt
(Khosrowpanah, Wen, anicabaosi, 200§.

A projectrecentlyfunded by the Bureau of Statistics and Plans through the Guam Coastal
Management Program Grant (NOAA) was designed to develop assessment strategies for
Non-Point sources of Pollution for a Southern Guam Watershed. Téaetiobp of this

project were to gather physical and environmental data on the Ugum Watershed. The project
also developed a GIS watershed management data base for Ugum Watershed that identified
the spatial distribubn and extent of such items sail types; land slopes; location and extend

of forest; grassland; wetland and badland areas; extend of undeveloped roads; land use areas
including conservation and preserve areas; low density housing areas; urban areas; managed
recreational areas such as golf as; and areas impacted by agricultural operations; dams,
wells and hydrological features; lengths and locations of streambank erosion and shoreline
erosion; and areas impacted byofb ad acti vities. Using tool s a
and extension AiHyrdo, areas with the highest potential to contribute pollution to the

streams were identified (Khosrowpanah and Jocson, 2005).

ProjectswWatershed Land Cover Change Detection in GaadlLand Cover Accuracy
Assessment for Southern Guaimded by USGS MB grant aimed to derive land cover
information, evaluate land cover change and conduct accuracy assessment of land cover
classification for the watersheds in southern Guam. Geospatial technologies such as GIS,
remote sensing and spatial analysis wereiegpb achieve such results (Wen,

Khosrowpanah and Heitz, 2009 and 20@9project focusing on badland dynamics in

selected sites in southern Guam was completed to address how badland changed over time
and in space, and how human activities liogphysicé factors such as slope affected

badland dynamics (Wen et al., 201®xojectimpacts of Land Cover Change on

Groundwater Quality in Guarfunded by USGS 104B grant was focused on derivation of

land cover information from Landsat data, and thenuse of N\D&A | and cover f eaf
2006 on Guam to determine land cover change from 1973 to 2006, and therefore impacts of
land cover change on groundwater quality could be evaluated (Wen, 2011 and 2011; US
NOAA, 2009).


http://www.hydroguam.net/

METHODOLOGY

Description of study area

The gudy area for this project is the island of Saijghe Commonwealth of the Northern

Mariana Islands (CNMI)Saipan is the second largest island in the Mariana Islands archipelago,
afterGuam.lt is located about 12@ilesnorth of GuamSaipan is about 1ileslong and
5.5mileswide, with a land area @4.6 square mile§'he western coast of the island is mainly
composed of sandy beaches and a large lagoon is located in the west. The eastern shore primarily
consists of rocky cliffsSaipan is close tasne of Asian capital cities such as Beijing, Tokyo and
Manila. The distance to Beijing, Tokyo and Manila is about 2,500 miles, 1,500 miles and 1,650
miles respectivelyMount Tapochaat 1.555 feeis the higheson the island of Saipan. It is
composed ofimestone. Beautiful panoramic views of Saipan can be achieved at Mount
TapochayFigure 1) The location of Saipais shown in Figure 2ompared tameighboring

countries. Figure thdicatesthe locationof Saipan in CNMI, and Figureghows the study area

the island of Saipan.

Figure 1. Some views of Saipan from Mount Tapochau
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Data Sources and Data Processing

Landsat Muii-Spectral Scanner (MSS) imagery of 1978 Adganced Spaceborne Thermal
Emission and Reflection Radiome{&STER)L1B imagery of 200%reavailableto the project.
There are two scenes of Landsat MSS images for 1978, i.e, the image acquired on @¢tober 1
1978, and the other acquired on December 10, 1978. Both of the images covered the island of
Island. There are two scenes of ASTER imagers available, and both of which were acquired on
March 5, 2009. One of these ASTER images was not enough to coverdleeisland of Saipan.
Therefore, both of the images were applied.

The data quality of ASTER L1B imagery of 2009 was very gétmvever both of theséwo
scenes of ASTER images were needed to be mosaicked to cover the island ofCBeparage
only covered a small part of Saipan in the north (Figutef§, and another one covered most
part of Saipan but missing a small part of the n(ftgure 5, right.

Figure 5. ASTER Imags of December 10, 2009

ERDAS Imagine was utilized to mosaic the ASTiakRges of 2009. The overlapping of the
ASTER images of 2009 indicated that they could cover the whole island of Saipan (Figure 6).
The mosaicked ASTER image of March 5, 2009 is shown in Figure 7.



5 Miles

Figure 6. Overlapping of ASTER Images of 2009



Figure 7. Mosaicked ASTER Image of March 5, 2009

The Landsat MSS satellite imagery of October 17 and December 10 of 1978 had problems with
data quality since theyere not located in the correct positions, amde covered by a lot of
clouds and shads (Figures 8 and 9)rhe boundary of Saipan is shown in blue, and obviously
both of the Landsat MSS images of 1978 are displaced from Saipan. The Landsat image of

9



December 10, 1978 got more proble®eme parts of the Landsat imagery of December 10,
1978were displaced from their correct locatiqiggure 9)

10 Miles

Figure 8. Landsat Multispectral Scanner (MSS) Image of October 17, 1978
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10 Miles|

Figure 9. Landsat Multispectral Scanner (MSS) Imag®etember 101978

In order to make the Landsat images of8 @seful, preprocessing of the imagesneeded to
remove clouds and shadows, and deal with the displacement of some parts of the Landsat image
of December 10, 1978. First, both of the images were georeferenced using ArcGIS

11



Georeferencing toollhe mosatked ASTER image of 2009 was usedefsrence datéor
georeferencingThe georeferenced Landsat MSS images were shown in Figures 10 and 11.

10 Miles

Figure 10. Georeferenced Landsat MSS Image of October 17, 1978
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Figure 11. Georeferenced Landsat MS8dge of December 10, 1978

Theoriginal Landsat MSS images of 1978 covettegl whole island oBaipan and a much larger

surrounding features including the Pacific Ocean, the Philippine Sea and Tinian in the south of

Saipan Since the study area was onlgfised on Saipan, it was necessary to subset the images to
13



a smaller area to cover Saip&towever, considering some parts of the Landsat MSS image of
December 10, 1978 displaced from the correct locations, a subset area greater than the study area
was appged. ERDAS Imagine was employed to subset the Landsat image of December 10, 1978
(Figures 12).

5 Miles

Figure 12 Subset Landsat Image of October 17, 1978
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ArcGIS Desktopwas used to locate the displaced pgftgure 13) and ERDAS Imagine was
used teextractthe displaced parts from the original imagery of December 10, (E3g&e 14)
and therArcGIS Desktop was applied georefernce the displaced parts to correct locations

(Figure 15) The georeferenced parts were applied to update the original imadeegehber
10, 1978Figure 16)

Figure 13. Locations of Displaced Parts of Landsat MSS Image of December 10, 1978
15



Subset Landsat MSS Image of December 10, 1978
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Figure 14. Subset Image of Displaced Parts from Landsat MSS Image of December 10, 1978
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Figure 15. Georeferenced Subset ImageDisplaced Parts from Image of December 10, 1978
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4 Miles

Figure 16. Georeferenced Image of December 10, 1978 with Displaced Parts Corrected
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In order to improve the quality of the Landsat MSS imagery of 1978 and therefore increase the
accuracy of lad cover classification of the Landsat MSS imagery of 1978, both of the images of
October 17 and December 10 of 1978 were used to remove some clouds and shadows.

Since the original satellite images used in the project covered a much bigger area.tm order
process the data more efficientliyge boundary of study arégigure 4)wasused to subset the
imagery for the purpose of land cover change detecti@aipan ESRIArcGIS Desktop was
applied to buffer the study area for a bigger area to subssitt#ikte imageso that the land
cover classification accuracy along shoretinald be improved (Figure LAmage subsetting
was completed iERDAS Imagine The subset imags for Landsat MSS imagef October 17
and December 13,978 andASTER image o2009 are shown in Figures,1¥ and 20
respectively

19



Study Area (Buffered)

Figure 17. Buffered Study Area
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Landsat MSS Image of October 17, 1978
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Figure 18. Subset Landsat MSS Image of October 17, 1978
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Landsat MSS Image of December 10, 1978
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Figure 19. Subset Landsat MSS Image of December 10, 1978
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ASTER Image of 2009, Saipan
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Figure 20. Subset ASTER Image of Maré&h 2009
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Figuresl8 and 19 indicated that there were lots of clouds and shadows in the Landsat MSS
images of 1978n order to improve the accuracy of the land cover information derived from the
Landsat MSS images, it was necessary to remove ascaloauds and shadows as possible from

the images. Since it was very difficult to differentiate between water and shadows, water was
also removed in the beginninghe Landsat MSS images of 1978 indicated that the data quality

of Landsat MSS image of OctobEr, 1978 was better than that of Landsat MSS image of
December 10, 1978 because there were much more coverages of clouds and shadows in the latter
image. The coverageof clouds, shadow and water from Landsat images of October 17, and
December 10, 1978 we demonstrated in Figures 21 and 22 respecti$elgh information was
applied to remove clouds and shadows from Landsat MSS images of 1978 (Figures 23 and 24).
Then the Landsat MSS image of October 17, 1978 was updated with the Landsat MSS image of
Decenber 10, 1978 with clouds and shadows removed (Figure 25), and the Landsat MSS image
of December 10, 1978 was complemented with the Landsat MSS image of October 17, 1978 with
clouds and shadows removed (Figure 2@k next step was to merge the Landsat M&®)es

of October 17 and December 10, 1978 with more clouds and shadows removed from the
processed images listed in Figures 25 and 26, and the final Landsat MSS image of 1978 for land
cover classification was achieved with much fewer clouds and shdBguse 27) So far, he

Landsat MSS image of 1978 processed from Landsat MSS images of October 17 and December
10, 1978 with clouds and shadows removed and the mosaicked ASTER image od@ddge

applied to extract land cover information. The imagesasidsat MSS and ASTER are listed in
Figure 28 side by side.

24



Water, Shadows and Clouds from Landsat MSS Image of October 17, 1978
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Figure 21. Water, Shadows and Clouds from Landsat Image of October 17, 1978
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Water, Shadows and Clouds from Landsat MSS Image of December 10, 1978
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Figure 22. Water, Shadows and Clouds from Landsat Image of December 10, 1978
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Landsat MSS Image of October 17, 1978 (Cloud/Shadow Removed)
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Figure 23. Landst Image of October 17, 1978 with Water, Shadows and Clouds Removed
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Landsat MSS Image of December 10, 1978 (Cloud/Shadow Removed)
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Figure 24. Landsat Image of December 10, 1978 with Water, Shadows and Clouds Removed
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Figure 25.Landsat MSS image of October 17, 1978 was updated with Landsat MSS image of
December 10, 1978 with clouds and shadows removed
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Figure 26. Landsat MSS image of December 10, 1978 was complemented with the Landsat MSS
image of October 17, 197@ith clouds and shadows removed
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1978 Landsat MSS Image of Saipan
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Figure 27. Landsat MSS Image of 1978
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1978 Landsat MSS Image of Saipan ASTER Image of 2009, Saipan
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Figure 28.Landsat MSS Image of 1978 and ASTER Image of 200¢

32



Methods

TheGIS, remote sensing, and spatial analysis weliged o oltain land cover informatiorgnd
detect land cover changdde GIS Lab at the Water and Environmental Research Institute
(WERI), University of Guams equipped with the state of the adrkstationsa big size plotter,
ERDAS Imagineand ArcGISDesktopwith extensions such as Spatial Analgstl Geostatistical
Analyst ArcGIS Desktopand ERDAS Imagine wertbe main tools usdto process satellite

images, and both of the software were applied to conduct land cover classification. When land
cover information was derived frobandsat MS3mage of 1978 anASTER image oR009,

land cover change could be determined, and chargamsacould be evaluated.

In order todetermindand cover chang® Saipaniwo scenes of LandsMSSimages from

different dates, i.eQctober 17, 1978 and December 10, 1978 were applied to derive land cover
information of 1978. Processing of the LaatIMSS images of 1978 was discussed in details in
the previous section, Data Sources and Data Proce3$swgscenes of ASTER satellite images

of March 5, 2009 were obtained to extract land cover information of 2@@gration of remote
sensingGIS andspatial analysis wathe primary method applied to obtain dacover

information fromthe satelliteimagesof Landsat MSS and ASTER in the proje&tcGIS

Desktop, particularly @p algebra wastilized to measure the land cover changeSaipan

For ths researchyunsupervised ansupervised classification methodere applied to derive land

cover information for the available satellite imagesias very time consuming and difficult to

extract land cover information from the Landsat MSS image of b8Z8use of relatively low

data quality, and coarse spatial resolutibims project focused on five general land cover

classes, i.e., urban area, forest, water, grassland and cloud. Unsupervised classification method in
ERDAS Imagine was employed to gerierelasses based on features on the Landsat MSS image.
Based on the results from unsupervised classification, five general land cover classes were
generated based on supervised classification based on the patterns, shapes, textures, tones and
colors from he mosaicked Landsat MSS image of 1H8wever, there were some errors found

from the land cover information obtained from unsupervised and supervised classifiddt®ns.
airstrip located in Kagman was missit@-screen digitization in ArcGIS Desktop svased to

delineate the airstrip in KagmaBome parts of Saipan International Airport were misclassified.

A subset image was created to cover the area of Saipan International Airport, and developed area
in the airport was extracted based on a supervissdification of an unsupervised classification
result. Then a further supervised classification was conducted to correct some misclassified
classed from the results of unsupervised classification of Landsat MSS image dsib@ég&he

land cover informabn was focused on the buffered study area, the boundary of the study area
needed to be used to clip the classified land cover to the extent of the studyhari@aal land

cover information of 1978 is shown in Figure 29.

The data quality of ASTER imagd 2009 was very good. Five general land cover categories
including forest, urban area, grassland, water and badland were used to extract land cover
information from ASTER image of 2009. Unsupervised classification method in ERDAS

33



Imagine was used to dee land cover information from ASTER image of 2009. Then supervised
classification was utilized to obtain five general land cover categories of forest, urban area,
grassland, water and badland based on patterns, shapes, tones and textures of the ifimede. The
step to achieve the land cover information of 2009 in Saipan was to clip the land cover
information using the boundary of the study area (Figure 30).

Land Cover of 1978, Saipan
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Figure 29. Land Cover Map of 1978
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Land Cover of 2009, Saipan
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Figure 30. Land Cover Map of 2009
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RESULTS and DISCUSSIONS

Landsat MSS images of October 17, 1978 and December 10, 1978 were used to derive land cover
information of 1978 for Saipan. Two ASTER images of March 5, 2009 were applied to cover the
whole island of Saipan, and employed to extract land cover infamati2009 for Saiparfhe

Landsat images, especially the Landsat MSS image of December 10, 1978 were covered by a lot
of clouds and shadows. Whatdés more, there wer
December 10, 1978. These Landsat images alscenot aligned with the study area. Therefore,

efforts needed to be invested to georefez¢he Landsat images, remove clouds and shadows,

and deal with the displacement of some parts from the Landsat image of December 10, 1978. The
ASTER image of 2008id not have quality problems. However, they needed to be mosaicked to
cover the island of Saipan.

The land coveinformation of 1978or Saipan was derived from the Landsat MSS imagery of
October 17 and December 10 of 1978. The land cover informait@®09was derived fronthe
ASTER L1B imagery of March 5 of 2002and cover maps of 1978 and 200%aipan are
listed in Figure31 side by side for visual comparisdy comparison of the land cover data
between 1978 and 2009, the follogioonclusions armade (Tables 1 and.ZSaipan was mainly
covered by forest and grassland both in 1978 and 2009. The area of forest incredmad by
2,923.4hectares, or 60.88 from 1978 to 2009, and the area of grassland decreasdxbbiy
2,67264 hectares oabout 52.% between 1978 and 2009. The beilp/urban area increased by
aboutl65.6hectares ot1.6% from 1978 to 2009, and most of the increased urban areas
occurred in forest and grassland. Forest change f83f@ tb 2009 is shown in Figure .32

Information about landaver and land cover change in Saipan can be applied to determine land
cover change in watersheds in Saipan. Therelareatersheds in Saipan (Figure),38nd land

cover maps of 1978 and 2009 in Kagman Watershed in the SoutheBaigan are listed in

Figure 34 The land cover change information indicated that many development activities
occurred from 1978 to@®9 in Kagman Watershed (Tables 3 ahdl4e urban area increased by
about 106.%hectares omore than doublekom 1978 to 2009, forest area increasg@bout
133.2hectares oaboutl7.6%, and grassland decreased by al283t3hectares or abo38.2%.

Some pictures abothe significant features of the Saipan environnvesre taken by a GPS
cameraThe geotagged pictureanbeused as references to verify lagwl/er information

derived from atellite imagery (FigureS. The land cover information can also be used to

evaluate environmental soerns such as soil erosiovgter qualityand norpoint source

pollution. It can also be utilized to evaluate whetheretis relationship between landscape

change and climate change, and how land cover change affects watersheds, water quality and
ecosystems iwatersheds dbaipan.The findings and approaches from this research may be

utilized to conduct research on larmler change detection in other islands affected by
anthropogenic activities, and impacts of human induced activities, and/or land cover and land use
change on environmental and landscape change in such islands.
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Figure 31 Land coer information of 1978 and 2009
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