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EFFECTS OF SPATIAL RESOLUTION AND LANDSCAPE STRUCTURE
ON LAND COVER CHARACTERIZATION
Wenli Yang, Ph.D.

University of Nebraska, 1997

Advisor: James W. Merchant

This dissertation addressed problems in scaling, problems that are among the main
challenges in remote sensing. The principal objective of the research was to investigate
the effects of changing spatial scale on the representation of land cover. A second
objective was to determine the relationship between such effects. characteristics of
landscape structure and scaling procedures. Four research issues related to spatial scaling
were examined. They included: 1) the upscaling of Normalized Difference Vegetation
Index (NDVI); 2) the effects of spatial scale on indices of landscape structure; 3) the
representation of land cover databases at different spatial scales; and 4) the relationships
between landscape indices and land cover area estimations.

The overall bias resulting from non-linearity of NDVI in relation to spatial
resolution is generally insignificant as compared to other factors such as influences of
aerosols and water vapor. The bias is, however, related to land surface characteristics.
Significant errors may be introduced in heterogeneous areas where different land cover
types exhibit strong spectral contrast. Spatially upscaled SPOT and TM NDVIs have
information content comparable with the AVHRR-derived NDVE Indices of landscape

structure and spatial resolution are generally related, but the exact forms of the
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relationships are subject to changes in other factors including the basic patch unit
constituting a landscape and the proportional area of foreground land cover under
consideration. The extent of agreement between spatially aggregated coarse resolution
land cover datasets and full resolution datasets changes with the properties of the original
datasets, including the pixel size and class definition. There are close relationships
between landscape structure and class areas estimated from spatially aggregated land
cover databases. The relationships, however, do not permit extension from one area to
another. Inversion calibration across different geographic/ecological areas is, therefore,
not feasible. Different rules govern the land cover area changes across resolutions when
different upscaling methods are used. Special attention should be given to comparison

between land cover maps derived using different methods.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGEMENTS

Throughout the course of my graduate program, I have had the support of special people
without whose help the accomplishment of my doctorate would not have been possible.

My deepest and most sincere thanks must first g0 to my advisor, Dr. James Merchant,
whose guidance and encouragement were instrumental to my study. He spent countless hours
listening and providing direction while always allowing me the freedom to explore my own way.
He also invested a great deal of time reading and commenting my various manuscripts. He
financially supported my entire research through the grants awarded to him by the National
Aeronautics and Space Administration (grant NAGW-3940) and the USGS/EROS Data Center.
I will always regard him as my best mentor.

I own a very special debt of gratitude to Dr. Donald Rundquist, not only because he
similarly provided invaluable guidance throughout my entire study but also because he is the
professor who brought me to Nebraska. Without him, I would not have had the chance to enter
this particular research program.

[ am also grateful to the other members in my Supervisory Committee, Dr. Clinton Rowe
and Dr. Elizabeth Walter-Shea, who gave their time and expertise in guiding my study. Their
constructive comments on both my research proposal and my thesis manuscript served to clarify
my thoughts and to improve significantly the dissertation.

Thanks are extended to Dr. Bruce Wylie of the USGS/EROS Data Center who provided
the SPOT image classification and worked with me in the Niobrara fields.

I would also like to express my gratitude to the staff and fellow graduate students in
CALMIT, the Conservation and Survey Division, and the Department of Geography, although I
could not mention each of their names because the people I need to thank are too many.

My greatest debt of gratitude is owned to my parents. They have always selflessly loved

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



me, supported me and given me constant comfort, no matter how far from home [ roam. They
always occupy a special place in my heart and my gratitude to them will never be enough.

The person whose constant source of support and encouragement [ can never repay is my
wife, Kemeng. It is her love that helped me survived this demanding period of my life. She
endured more sacrifices than anyone else during my study, especially during our separations and
in countless nights and weekends when I was doing research and writing. She gave me more
love, patience and motivations than anyone else in helping me to materialize this academic

dream. This work is dedicated to you, Kemeng!

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENT

Chapter 1 INrOQUCHION ..v.ccevvveeeeceeeceeeeneeeeeeseseeeeee oo 1
LHIREEOAUCHON oot 1
1.2 BACKGIOUN ..o 3

L2 SCAIE ettt 3
1.2.2 Scale and spatial resOIUtON «......eoveeeoeeoeeeeeeoeeeoo 4
1.2.3 Scaling of remotely sensed data .............oocoommeeomvemvoreoo 5
1.3 Definition Of teImS ..........c.cooereeereemeennce oo 9
1.4 Problem statement and research objectiVes ... 11
1.5 Structure of the diSSErtation ....................ooooooeomeooomoooo 16
1.6 REFEIEIICES -...vvee e eeeeeeeeseseeeeesm oot eoeoeoeeeoeeeseoo oo 18

Chapter 2 LIterature TEVIEW ...........cueceuesseerereomeeeeeeeeeeeoeeeeeees oo 22
2.1 INTOQUCHION cveveeeeeee vt eeeeeeoeeoesoo 22
2.2 Classification accuracy and spatial r€SOIUtion .............vvenvvveoeooooooooooo 23
2.3 Spatial scaling of remote sensing data and classified land cover maps .................. 27
2.4 Scaling studies in landscape €cology ............weowmomeeeomeoooooo 38
2.5 Summary and COTMMENLS «....uu.uueevreeeeeeeeeeneeeeeeeeeeseeeeeoeoeooeooeoeooeoeeoeeeooeeeoee 4]
2B RETETEICES ... e 44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 3 Development of multiscale databases .........ooooooooovveoooooo 50
3. T INFOAUCTION e eeeeseseses oo eooeooeoooooseo 50
3.2 StUAY AIEAS oot 50
3.3 Remotely sensed data .............ceecerevevemueneneeeeoeoeeeeeeeeeeeoeeeoooooooo 51

33T TM AR oot 51
ERCVAN] (O A OO 55
333 AVHRRAALA oo 58
3.4 ANCIIArY LA ...o...oeeoe e oo 61
3.4.1 ECOTEGION MAP .......oeoeeereceeeseoeeeeeoe e 61
3.4.2 Other ancillary data .......cc..eeeveeeeeeeeeceeeeeeeeeeeseeseeeeeeeeeooeoeooooooooo 62
3.5Land cover classifiCation ..........wwv..eeveeeeeoeeeeeese oo 63
3.5.1 TM land cover classification and labeling .......cccoeeemmimiieeeeeeeeee. 63
3.5.2 SPOT land cover classification ................eweeeeeveeereesooooooooooo 64
3.5.3 AVHRR land cover classification ...............oooeooomveemoeoooooo 65
3.5.4 Accuracy assessment of the land cover classification ............................ 67
3.6 Creation of multiscale databases ...................oooowoeoeeeeeoeeoemoooooooo 68
3.6.1 The "averaging” upscaling procedure .................o.ooooooooooooo 68
3.6.2 Upscaling of the TM data ............ceveeomeeeeeeeeeemeeeeeeseoeoeeeooooooooooooo 70
3.6.3 Upscaling of SPOT data .......ccvveeereeeeeeeeeeeee oo 71
3.6.4 Upscaling of AVHRR Qata ............eooeeeeeeeeeeseeeeeeoeooooooooo 71
3.6.5 Upscaling of land coverdata.............cooooooorurevnenon erereeeeenireeeee et annas 72
3.7 SUMMALY .ot ee e eeeeeeeee 74

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3.8 REFETRICES ..ovvvvvvveerevessre ettt oo

Chapter 4 Spatial upscaling of the Normalized Difference Vegetation Index ................

4L INOAUCHON ooveveeveeve e

4.3.1 Difference in NDVI values upscaled using the

two methods (results from simulation) ..o

Chapter 5 Characterizing the effects of spatial resolution on landscape indices:
2 SIMUIALON STUAY .vvv..ec.eeeeceeceeeteeeeeeeeee oo
5oL INETOQUCHON ettt

S2MEHNOAS oottt eoeeeeeeeeeee e

5.3.1 Effects of proportional foreground on landscape metrics

AL FUH FESOIULION «...cvveeeeeeceeeeeeeeeee oo

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



v

5.3.2 Integrated effects of spatial resolution and proportional

area on 1andscape metrics ........cc.eumvueeeemeoeeeeeeeeeoo 149

3.4 Summary and CONCIUSIONS ..........cureeemrerermreeeseeeeeeeeeeoeesseoeooooooooo 155
3.5 REfCIEMICES ..evoveveeevee e eeaceeenmase e 160
Chapter 6 Spatial upscaling of land cover databases .........oooo...ooooooooo 191
6.1 INETOQUCHION ....ooeeeeeeeoeceeeeeeeesseee s eeeeeee e oo ooeeoeooeoeoeeeoeeeoe 191
6.2 Data and Methods ..............cceuueeceemeeemeeseeeeeeeeeeeeeeeeeee oo 192
6.3 Results and analySes ...........co.ueeeeuerremmneeereeeseeeeeenseoesese s 196
6.3.1 SPOT-derived land cover in the Niobrara Preserve and vicinity ............... 196

6.3.2 TM-derived land cover in the Lincoln/Omaha study area ......c.................. 198

6.3.3 AVHRR-derived 159-class land cover of the conterminous U.S. ............. 200

6.3.4 AVHRR-derived 25-class land cover in the conterminous U.S. ................ 203

6.3.5 Stratification by €COTEZION ..........vcureeeeeeeeeeeeeeeee oo 205

6.3.6 Comparison between the Kappa values and image

INfOrmMAtion COMMENT «......vurueeeeeeeeeeeeeeeeeeeeeeeeeeee oo 208
6.4 Summary and CONCIUSIONS «.......cuvvereveereeceeeeeeeeeeee oo 211
6.5 RELEIBICES ........oooeeumereeeteeeene oo oo oo oo 216

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7.2 Data and MethOdS -....evevevveeeeeeeeeeece e 247
7.3 Results and ANAYSeS ...-.eeveveoeveeeee e 253
7.3.1 Change in class area across resolutions: the Niobrara dataset .................... 253
7.3.2 Statistical analyses for the Niobrara 17 land cover classes .......cooeeennne..... 257
7.3.3 Area change for the aggregated 25-class U.S. land cover data ... 260
7.3.4 Statistical analyses for the 25-class U.S. land coverdata .............. ... . 265
7.3.5 Statistical analysis for the 159-class U.S. land cover data .................._ 268

1.3.6 Effects of upscaling techniques on land cover representation

and on the relationship between land cover area and landscape

STUCHUIE INAICES ..ovoeveeeeeeececees et s e 271

7.3.7 Change of landscape level indices across resolution .........................__ 278

7.4 Summary and conclusion ettt a et s et e e s D82
7.5 REFEIENICES ..ot eeemessseseseeee oo oo oo eoeoesosoee 286
Chapter 8 Summary and recommendations for future research ... 314
8.1 UniqUeness of the STUAY ........ccueumeeereeeceeesseeee oo eeeeeeeeemeseoe oo 314
8.2 Spatial upscaling Of ND VT ..........cuuuueeevveeemmeeeeeoeeeeeeeee e 315
8.3 Effects of spatial resolution on landscape structure indices ..............oooeemneenn.o... 317
8.4 Upscaling of land cover databases .............oooomeeooeoommo 319
8.5 Relationships between land cover upscaling and landscape structure .................... 321
8.6 Conclusions and recommendations for future research ............. et e s ennnaeaas 324
8.7 REMCIEINCES .oooeeemseneeeeeeeee e e eeeeeoeeee oo 329

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Appendix A

Class level landscape structure indices

Appendix B

Landscape level landscape structure indices

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

vi



vii

LIST OF FIGURES
Figure 3.1 Locations of the Nebraska study areas ........oooooooeoerooooo 79
Figure 3.2 Pseudo color TM composite of the Lincoln/Omaha study area .................... 80
Figure 3.3 TM NDVI image in the Lincoln/Omaha Study area .........c..oceeeeeueeeenennn. 81

Figure 3.4 Pseudo color SPOT composite of the Niobrara study area (6/7/1994) ........ 82

Figure 3.5 Pseudo color SPOT composite of the Niobrara study area (8/24/1994) ...... 83

Figure 3.6 SPOT NDVI images in the Niobrara StUAY AT€A ..ot 84
Figure 3.7 AVHRR Maximum Value Composite NDVI IMAZE ... 85
Figure 3.8 Level I ecoregions of the conterminous U.S. ..........oovoooooooooooo 86
Figure 3.9 TM-derived land cover map in the Lincoln/Omaha study area .................... 87
Figure 3.10 SPOT-derived land cover map in the Niobrara study area .......................... 88
Figure 3.11 The 25-class AVHRR-derived conterminous U.S. land cover map ............. 89

Figure 3.12 The 240m resolution land cover map of the Lincoln/Omaha

study area, following the aggregation method ............coooveeveevemrrereennono 90
Figure 3.13 The 480m resolution land cover map of the Lincoln/Omaha

study area, following the aggregation method ...........oovvvevveevoeeoeeno 91
Figure 3.14 The 960m resolution land cover map of the Lincoln/Omaha

study area, following the aggregation method .......... Teerereneeteaieneessnteneaans 92

Figure 3.15 The 240m resolution land cover map of the Niobrara study area ............... 93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 3.16 The 480m resolution land cover map of the Niobrara study area ............... 94
Figure 3.17 The 960m resolution land cover map of the Niobrara study area ............... 95
Figure 3.18 The 16km resolution 25-class land cover map of

the conterminous United States ............ooomomeeeeroene 96
Figure 3.19 The 32km resolution 25-class land cover map of

the conterminous United States ..o 97
Figure 3.20 The 64km resolution 25-class land cover map of

the conterminous United States ............oooooeeeoeioo 98
Figure 3.21 The 240m resolution land cover map of the Lincoln/Omaha

study area, following the re-classification method ... 99
Figure 3.22 The 480m resolution land cover map of the Lincoln/Omaha

study area, following the re-classification method ... 100
Figure 3.23 The 960m resolution land cover map of the Lincoln/Omaha

study area, following the re-classification method .................oooooo 101
Figure 4.1 Coarse resolution NDVI upscaled using two different methods,

results Of SIMUIALON «.......cuueeeecemeeeeeeeeeeeeeeeeeeeeeee e 123
Figure 4.2 Differences between the two NDVI values across the resolutions,

results of the Lincoln/Omaha TM image ..........ooveueoevvemeeooooooo 124
Figure 4.3 Difference image between the two TM NDVI at the 480m resolution ....... 125
Figure 4.4 Differences image the two SPOT NDVT at the 480m resolution .............. 126
Figure 4.5 Percentage of pixels with varying degree of Diff NDVDy ...........ooveen...... 127

Figure 4.6 Differences between the two NDVI values across the resolutions,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



results of the Niobrara SPOT image ...cooooooemovveooooooo 128
Figure 4.7 Differences between the two NDVI values across the resolutions,

results of the AVHRR image .......cccuueeveeooeomeooeeooo 129
Figure 4.8 Percentage of pixels having greater than 0.01 Diff(NDVT)

changes with the number of land coverclasses .........................._____ 130
Figure 4.9 Changes in NDVI standard deviation and entropy across the

resolutions, the Niobrara SPOT image ........oooooooovvooovooo 131
Figure 4.10 Changes in NDVI standard deviation and entropy across the

resolutions, the Lincoln/Omaha TM IMAZE ..o, 132
Figure 4.11 Changes in NDVI standard deviation and entropy across the

resolutions, the conterminous U.S. AVHRR IMage ......ccoemurmrrrreene 133

Figure 4.12 Comparison between the TM NDVI and the AVHRRMVCNDVI........... 134

Figure 4.14 Regression between the SPOT NDVI and the

AVHRRMVCNDVL June 1994 .........oooooom 136
Figure 4.15 Regression between the SPOT NDVT and the

AVHRRMVCNDVI, August 1994 ......oooovomooo 136

Figure 4.16 Regression between the TM NDVI and the

AVHRR MVC NDVI, August 1991 ..o 137
Figure 5.1 Simulated neutral landscape, circular unit patch (p=0.05, Res=30m) .......... 163
Figure 5.2 Simulated neutral landscape, circular unit patch (p=0.20; Res=30m) .......... 163
Figure 5.3 Simulated neutral landscape, circular unit patch (p=0.50, Res=30m) .......... 164

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 5.4 Simulated neutral landscape, circular unit patch (p=0.05, Res=480m) ........ 164
Figure 5.5 Simulated neutral landscape, circular unit patch (p=0.20, Res=480m) ........ 165

Figure 5.6 Simulated neutral landscape, circular unit patch (p=0.50, Res=480m) ........ 165

Figure 5.7 Simulated neutral landscape, square unit patch (p=0.05, Res=30m) ............ 166
Figure 5.8 Simulated neutral landscape, square unit patch (p=0.20, Res=30m) ............ 166
Figure 5.9 Simulated neutral landscape, square unit patch (p=0.50, Res=30m) ............ 167
Figure 5.10 Simulated neutral landscape, square unit patch (p=0.05, Res=480m) ......... 167

Figure 5.11 Simulated neutral landscape, square unit patch (p=0.20, Res=480m) ........ 168

Figure 5.12 Simulated neutral landscape, square unit patch (p=0.50, Res=480m) ........ 168

Figure 5.13 Simulated neutral landscape, dotted unit patch (p=0.05, Res=30m) .......... 169
Figure 5.14 Simulated neutral landscape, dotted unit patch (p=0.20, Res=30m) .......... 169
Figure 5.15 Simulated neutral landscape, dotted unit patch (p=0.50, Res=30m) ......... 170
Figure 5.16 Simulated neutral landscape, dotted unit patch (p=0.05, Res=480m) ......... 170

Figure 5.17 Simulated neutral landscape, dotted unit patch (p=0.20, Res=480m) ........ 171
Figure 5.18 Simulated neutral landscape, dotted unit patch (p=0.50, Res=480m) ........ 171
Figure 5.19 Change in landscape indices with proportional foreground area, CPLS ..... 172
Figure 5.20 Change in landscape indices with proportional foreground area, SPLS ..... 173

Figure 5.21 Change in landscape indices with proportional foreground area, DPLS ..... 174

Figure 5.22 Change in largest patch index (LPI) across resolutions (CPLS) ..cuueeen.. 175
Figure 5.23 Change in largest patch index (LPI) across resolutions (SPLS) ................. 176
Figure 5.24 Change in largest patch index (LPI) across resolutions (DPLS) ................. 177
Figure 5.25 Change in largest patch index (LPT) across P, levels ........coeeueeeeeernnn. 178

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 5.26 Change in mean patch size (MPS) across resolutions (CPLS) ... 179
Figure 5.27 Change in mean patch size (MPS) across resolutions (SPLS) ................... 180
Figure 5.28 Change in mean patch size (MPS) across resolutions (DPLS) ... 181

Figure 5.29 Change in patch size standard deviation (PSSD)

across resolutions (CPLS) ......oceuuvuervecemeeoneeeeeeeoeoooo 182
Figure 5.30 Change in patch size standard deviation (PSSD)

across 1esolutions (SPLS) ....c.cvuvuuuueieeeeceeeeeeeeeeeeoooooooooo 183

Figure 5.31 Change in patch size standard deviation (PSSD)

across resolutions (DPLS) ..o 184
Figure 5.32 Change in landscape shape index (LSI) across resolutions (CPLS) ........... 185
Figure 5.33 Change in landscape shape index (LSI) across resolutions (SPLS) ........... 186
Figure 5.34 Change in landscape shape index (LSI) across resolutions (DPLS) .......... 187

Figure 5.35 Change in mean nearest neighbor distance (MNN)

across resolutions (CPLS) ......oouumveeceoecoeeeeeeeo 188
Figure 5.36 Change in mean nearest neighbor distance (MNN)

across resolutions (CPLS) ....c.owuunrrvueeeeeeeeeeeeeeeeeeeeeoeoeoeeooooooo 189
Figure 5.37 Change in mean nearest neighbor distance (MNN)

across 1esolutions (CPLS) ....cc.uuvooueeeeeeeeeeeeeeeeeeeeoeoeoooo 190
Figure 6.1 The concepts of consistency rate, pixel heterogeneity, and

degree of dOMINANCE .........vuereereereeeeeeeeeee e 218
Figure 6.2 Changes in consistency rate and Kappa statistics across resolutions,

the SPOT-derived land coverdata ..........oo.omoveemoeoooo 219

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Xii

Figure 6.3 Heterogeneity of coarse resolution pixels, the SPOT-derived land

cover data e et s ettt es s e e e 320
Figure 6.4 Degree of dominance of the majority class, the SPOT-derived land

cover data ettt ettt st 3D ]
Figure 6.5 Changes in consistency rate and Kappa statistics across resolutions,

the TM-derived land coverdata.............ocooomoveeeerro 222
Figure 6.6 Heterogeneity of coarse resolution pixels, the TM-derived

1and COVET data «.......oooeeeeeceeeeeeeeeee e 223
Figure 6.7 Degree of dominance of the majority class, the TM-derived land

COVET AALA «..oeeoeeneeeeeeeeeteee oot 224
Figure 6.8 Changes in consistency rate and Kappa statistics across

resolutions, the AVHRR-derived 159-class land cover ... 225
Figure 6.9 Heterogeneity of coarse resolution pixels, the AVHRR-derived

159-class land COVer ..........ooummmmeeemeceeeeeeoo 226
Figure 6.10 Degree of dominance of the majority class, the AVHRR-derived

159-class land coverdata ............uueeenoecoemeeoeeo 227
Figure 6.11 Changes in consistency rate and Kappa statistics across

resolutions, the AVHRR-derived 25-class land coverdata ................... 228
Figure 6.12 Heterogeneity of coarse resolution pixels, the AVHRR-derived

25-class 1and COVET Aata .......eueeeeeneeee e 229
Figure 6.13 Degree of dominance of the majority class, the AVHRR-derived

25-class land cOVer data ................coeereereeeeeeee 230

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 6.14 Changes in consistency rate and Kappa statistics across resolutions
stratified by ecoregions, the AVHRR-derived 159-class land cover .......
Figure 6.15 Changes in consistency rate and Kappa statistics across resolutions
stratified by ecoregions, the AVHRR-derived 25-class land cover .........
Figure 6.16 The heterogeneity of coarse resolution pixels, the AVHRR-derived
159-class land cover inecoregion #4 ..........ooooomoommeoo
Figure 6.17 Degree of dominance of the majority class, the AVHRR-derived
159-class land cover in ecoregion #4 ........oooooooereeoo
Figure 6.18 The heterogeneity of coarse resolution pixels, the AVHRR-derived
159-class land cover data in ecoregion #6 .........o.ooovvoviveo
Figure 6.19 Degree of dominance of the majority class, the AVHRR-derived
159-class land cover data in ecoregion #6 .........oooovorvoooooo
Figure 6.20 The heterogeneity of coarse resolution pixels, the
AVHRR-derived 25-class land cover in ecoregion#4 ............ccocoeveeenn...
Figure 6.21 Degree of dominance of the majority class, the AVHRR-derived
25-class land cover data in ecoregion #4 ...........oooooeroooooo
Figure 6.22 The heterogeneity of coarse resolution pixels, the AVHRR-derived
25-class land cover data in ecoregion #6 «..........o.ovveoooooooooo
Figure 6.23 Degree of dominance of the majority class, the AVHRR-derived
25-class land cover data in €coregion #6 ........oooovvvereeoovooooooo
Figure 6.24 Change in AVHRR NDVI standard deviation with spatial

resolutions in the four €COr&ions «.............evueeeeeeeeeeeereeroeeereooo

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

X1ii

231

232

233

234

235

236

237

241



Xiv
Figure 6.25 Change in TM and SPOT NDVI standard deviation with spatial

TESOIULONS «cvvveveeeeeeeeeceee e eesee oo 242

AVHRR QA ... 243
Figure 6.27 Regression between Kappa statistics and NDVI standard deviation,

TM and SPOT data .....c.ccuueeceeeereeeeeeeeeeeeeeeeee oo 244
Figure 7.1 Changes in class area across resolutions, the SPOT-derived

1and COVET data.........oueeeereeeeeeeeeeeeeee e 288
Figure 7.2 Changes in class area across resolutions, the SPOT-derived

1aNd COVET AaLA ... 289

Figure 7.3 Changes in class area across resolutions, the SPOT-derived

1and COVET ALa ... 290
Figure 7.4 Changes in class area across resolutions, the AVHRR land cover .......... . 291
Figure 7.5 Changes in class area across resolutions, the AVHRR land cover ........... .. 292
Figure 7.6 Changes in class area across resolutions, the AVHRR land cover ............. 293
Figure 7.7 Changes in class area across resolutions, the AVHRR land cover............. 294

Figure 7.8 Spatial distribution of the dryland cropland and
w00odland/cropland CIasSes ..............cueueeemeeeeemeemeeseeoseoeoeeooeoeooooooooo 295
Figure 7.9 Spatial distribution of the desert shrubland and
shrubland/grassland Classes ..............o.ouevuemecmeeeeemoemeeeeeeeeoeeeoeooo 296
Figure 7.10 Consistency rates and Kappa statistics between fine and coarse

resolution data and between data derived using different

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



upscaling techniques, results of the TM land coverdata .................._.
Figure 7.11 Changes in class area across resolutions,

following the aggregation method ..........cooevoeommmeooo
Figure 7.12 Changes in class area across resolutions,

following the aggregation method ............oocoomeoereooooo
Figure 7.13 Changes in class area across resolutions,

following the aggregation method ..........oooveemmmmveo
Figure 7.14 Changes in class area across resolutions,

following the aggregation method ............oooooovooommeioooo
Figure 7.15 Changes in class area across resolutions,

following the re-classification method ..........ooooooovvoooovoooooo
Figure 7.16 Changes in class area across resolutions,

following the re-classification method ..........ooooovovvoooovoooooeoooo
Figure 7.17 Changes in class area across resolutions,

following the re-classification method ............ooomevvvoeovooeeoooo
Figure 7.18 Changes in class area across resolutions,

following the re-classification method .........oooeeoooooovoeeoooooo
Figure 7.19 Changes in LPI, MPS, PSSD, and LSI across resolutions, the

SPOT-derived 1and COVEr data .............ooueeemveeeeeeemeoeooeoeooeooooooo
Figure 7.20 Changes in DLF, IJT, and CONTAG across resolutions, the

SPOT-derived land coverdata.............ooooooomoo . ereererrteeeeonne e eeaearnnnns

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Xv

297

298

299



