Surface Modeling
High Accuracy and

High Speed Methods

h g 2h

o R AN @) e, @)’ A A . o
h Theiy 2h 14 2h E® 16" 1
(1) g gleel) | plns) o [0 _ 0 ’
L“,‘, ,,/‘:,;,A, ,’L“,; = (]“:2 \ ]f‘w_.« Zxh

Tian-Xiang Yue

CRC Press

Taylor & Francis Group



Surface Modeling

High Accuracy and
High Speed Methods

Tian-Xiang Yue

3%3 / ¥2 ¢ ?
=ibni sitat Hannover
u;f.tu Tir
Meteoroiogie und Klimatologie
Herrenhduser Str. 2 - 30419 Hannover

CRC Press
Taylor & Francis Group

Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business



Contents

Section I Principles and Methods

B R 6018 o Yo L el a T ) OO 3
1.1 Surface MOAelNg ......cccooviueuiiiininiiciciniiicencceeeves e 3
1.2 Classical MethodS .......cvoouieveerieirieeiieieeeeceeceeee e 7

121 Trend Sttface ANAIYEIS wsssmmmmssmbmmsmmmssmmsos 7
1.2.2  Inverse Distance Weighted Method...........cccceovvcueurinininnanes 7
1.2.3  Triangulated Irregular Network ..........cccccoociccinininicnnnne. 8
124  KEEING wcoscessomsisbnsssitinsdonsimmmeidorearrmmis s 8
125 SPUNE ssessssmenissimmmmdotetnmiss e fmseassinsdonsearasasnssssses 10
1.3 Error and Multiscale ISSUES .........ccueeueeeeevieiieieeeceeeeeeeeeeee 11
130 . ErforISSUES nidatbimlitiidiinwmammmrmsmsmarms s 11
1:8:2! | (VIultisEale TS UIes!sstten it bbb i bredsmvssmsswisussis s isiosines 12
14  Geographical Information Systems..........cocoecceueurnicuerernniceeenennn. 14
14.1.  Historical Developmentlis sl 14
1:4.2 - Error PrODIem s cinviuicilsumsmsnsimesansisansissasistssis 15
1.4.3 Multiscale Problem .........c.coovevueeieeeieieieieeieeeeeeeeeeeeeeeene 16
144 Real-Time Problem..........cccooevieeieiieiieeceeciecieereceeeveeee e 17
145 Direct Modeling Problem v 18
RELEIOINCES ...ttt ea s eneene e 19

2. Basic Method of HASM ... 27
2.1 INErOAUCHON .ot 27
2.2 Theoretical Formulation...........c.coveveeieieieeieeieeceeeeeeeeee e 28
2.8 Optmum Formalation emeassosnosmemmm st 39
2.4 Iterative Formulation of HASM .......cccooovivieieiiiiieieeeeceeeeee e 43
2.5 NUMETICAl TEStS..cviivierieiereeteetecteeeeeeeteeteeeeee ettt 48

2.5{1 . Compatative Eftor ANalyses .uisduaadimmaimasmmsnms: 48

2.5.2 Comparative Analysis of Simulating
Different SUrfaces .........cocceeeveeeeeeeeeeeeeeeeeeeeeeeeeee e, 49
2.6 Discussion and COonClUSIONS.......c..ccueeievveeieeieeieeeeereeeieeeeeeeee e 57
R OIETOTICES wnomsidns oo iondesiibun bodrmeds vbins il ash 4535 man i b4 35 s sesmnsnni s 63

3. Comparative Analyses of Various HASM Algorithms ........................ 65
3.1  INtFOdUCHON s mnmmsimein i S L al v iases 65

311 AIGOTIRIMS ..ot 65



vi Contents
312 PreconditioNing. ..o 66
3.2 Direct Algorithms:of FLASM .cuassmimssassosnsssmssssmnsmmmss 67
3.2.1 Gaussian Elimination Algorithm of HASM
FEABRMEGE) . o memmssemmnmommrmmsmmsssonmeossvsesen 72
3.2.2 Square-Root Algorithm of HASM (HASM-SR).................. 73
323  Numerical Test ..o 75
3.3  Iterative Formulation of HASM and Its Coefficient
MATIX SEHUCHUTE scsisessissssssssssssmmmssssasssemssmsssssissnsensissasssemsavsssiassssss 76
3.3.1 Iterative Formulation of HASM........cccccocoviiiiiiinniniinnns 76
3.3.2 Coefficient Matrix Structure ...........ccooeevevviiicnnniniiccnn, 79
34  Gauss—Seidel Algorithm and Preconditioned
Caanss-Seidel AleorHim g e mmmssmssnmnessiis iissiinisn i sisdiisinsisibros 80
3.4.1 Gauss—Seidel AlgOrithim .......cccooveeiviviniiiinrniiicc, 80
9kl Mattix EXPYessION coosemsmmmismamestums e 81
34.1.2. Vector EXpression .. ussemssasssissimsimimmie 82
3.4.2 Preconditioned Gauss—Seidel Algorithm...........c............... 84
34.2.1, Mattix EXPression . mismmmsmsserssmsessysssmsssas 84
3422 Vector EXPressiOn : . i ssrmsasssssmansiersns 85
3.4.3 Numerical Tests.......ccccocoiiiiiiiiiiiiiicccccce 88
3.4.3.1 Comparison of HASM-PGS with Krylov
Subspace Algorithms s st 88
3.43.2 Comparison of HASM-PGS with HASM-GS .....88
3.4.43 Effects of Initial Values on Convergence of
HASM-PGStiitabiimanmstoimimmmssmmsmmans 90
3.5 Conjugate Gradient Algorithm and Preconditioned Conjugate
Gradient AlgOTITNm socossiben feltbaaiiil e indlioht mmsbessesensusaniene: 91
3.5:1 .. Conjugate Gradient Algorithin ici..snnsemsremseaaamss 91
3.5.2 Preconditioned Conjugate Gradient Algorithm................ 94
3:5.3... NUMETICALTESE . tetvive ostommmmesmonsesesensressmassns oriitinic e 95
3.6 Conchisions:and DIiSCUSSION s wmmsmmemsmmmoranmssrsmmms 97
References.......fashaaiulaisnbmemma i n L AR LI Ye boddin bl niaa 8 98
4. Adaptive Method of HASM.....c.coaismadiimiamobotimeiiaisdmmeme: 103
41 Introduction ..csumwmmanmammaiidiabamalhamnstismdanems 103
4.2 Test Area and Data AcqQUiSItion .........ccooovurveviiiiiiiiiiieiice, 104
4.3 - Adaptive Method of HASM .cumsmesmmmsoimskobinbiobisiimsesss 106
4.3.1 Basic Formulation of HASM-AM .........cccccooviiiinninnnnes 106
4.3.2  Error Estimators and Error Indicators...........cccccecevueunnnne 107
43.3 Adaptive Refinement. .. oxlushimsinihnmammmsmems 109
44 Validation of HASM=AM icuicnsnsivainideit ot iainmmm 111
441 DEM Construction of Dongzhi Tableland........................ 111
442 Testing Computational Efficiency ........cccccooeerrinreinnnnee. 114
45  Discussionand Conclusions:. . usdinuaminsbinndnmisbmn i 117

S S TS T IR 119



Contents vii
5. Multigrid Method of HASM...........ccccciiiiiiiiiiiiccccccccccaees 123
Bil  INtroAUCHION ssuvsssmsissssisumssssimmsvmmsmssmsssssmbim st msai s s 123
5.2 Multigrid Method of HASM ........ccocovriiiiiniicicccc 124
521  Multigrid ..c.ccooeoeeiiiiiiciiiiccciciccc e 124
5:22: " INumeneal Tests:. o idonbhiiahantidnmmynmumamsis 125
53  Comparative Analysis of HASM-MG with OK..........c.cccooovuennnes 128
531 OKMethod ...ccoooieiiiiieicceeeeeeeeeeee e 128
5.3.2  Real-World Test .....c.ccoueevieeeeieeeeeeieeeeeieeeeeteeee e 128
5.4  Discussion and ConcluSiONS...........coveevueeeieeeiieeeieeieeeeeeeeeeree e 131
RELETOINCES ..ottt ettt eae s 133
6. Adjustment Computation of HASM..........ccccooviiiiiiiiiiniicceccne 137
6.1  Adjustment Computation ........ccococevoiieieieiiiiicc 137
61,1 Parametric AdJuSEMENt .ows s 137
612 ' Conditional Adjustment il 140
6.1.3  Successive Conditional Adjustment..........cccocoovvurrernrnnee. 142
6.1.4  Successive Independent Conditional
AJUStINENE s s maarasbdslebebab il 144
6.2  Adjustment Computation of HASM ..........cccccceuiiinniniccicnnns 146
6.3 Tests.of Accuracy and Computing Speed......cmcmsussssssssssssssosssses 153
e Tt N s 6 ) £ 154
6.3.1.1  Numerical TeSt.......cccovivreeriervinrrirrinererreceenreersennne 154
6.3.1.2'  Real-World Testof ACCUIACY ::...svesemessmsrssonssseses 157
6.3.2 Real-World Test of Computing Speed............cccccceueuunueee. 160
6.4  Conclusions and DiSCUSSION.......c.cceeveerierieeeeiieieeeeeeere e 162
6.4.1  CONCIUSIONS...cviiuiiirreiteectieeeeteecte ettt e et ete vt eereeeeereens 162
6:4.2,  DDISCHSBION csssmsmmmmissmnesmmsssmsstondinrinisb sl sss s o sssaamsans s 163
RELCTOINCES . v s00ssesnnesnsinsssnssnnissansannnibisonss itiinnndeidsissnsans GitonnssiFaiinsboniFitarasonaiion 164
7. Optimal Control Method of HASM .......cccoceiiiniiinniccinicrccinnens 165
7.0 INtTOAUCHON coeeeeiciie ettt eaa e e ans 165
7.2 HASM-OC ... enn 167
7.2.1  Equality Constraifit of HASM...Linaieissmimemmsionni 167
7.22  Inequality Constraint of HASM ........cccccoooeeivviniccunnnnnn. 167
7.2.3  Determination of the Range of Elevation at the
Central Point of Every Latfice i busseimsbsmeinmmtos 171
7:3  Validation of HASM-OIC cucccisismsisssmssmimsionasmmissa s 172
7.3.1  Numerical TeSt ....ccoveeeevreireeciieieieeeee e 173
732  SRTIM TESE ccviiiiiieciieieeteeteeeeeeteee ettt 178
7.3.3 Real-World Test of Qian-Yan-Zhou in Jiangxi
Province of ChinNa ...cc.coveeeieeveeieeeeeeeeeeeeeeeeeeee e 180
74  Conclusions and DiSCUSSION......c..ccoieeieeirieiieeeceeeireeere e ereesaneenns 185

S T e =1 L < B S O 187



viii Contents
8. Basic Approach of HASM to Dynamic Simulation............................ 191
8.1 IntrodUCHON susswmmmmmmmsmessmsmmnr s iy S amie 191
82  Basic FOrmulation:: et 193
8.2.1 Solving Procedure of HASM.........ccccoeovviiiriniiiiiininn 193
8.2.2  Factorization of the HASM Coefficient Matrix................ 195
8.2.3 Formulation of HASM-F by Dynamically Adding
INfOrmation........ccccvueueiriiiiiiiiccciccc e 196
8.2.4 Formulation of HASM-F by Dynamically
Removitig Informatione e st 197
8.3 Numerical Test.......ccooevriiiniiiiiiiiiiiccccc e 198
8.4  Conclusions and DiSCUSSION........ccccoveviuiiiiiiniiiiciciccccce s 202
ReELETONCES cusssvnsimmsmsmmmssssssvsnsdistivesdimsbebomsmasitosrorsbmsdindbibliiammentbaiss 203
Section II Surface Modeling of Environment
Components of Earth Surface
9. Surface Modeling of DEM........cc.ccoommmminiiisiaimsmmssimmsmaies 207
91  Introduction: Sl st 207
9.2 SRIM Void Eilllingt=ailmmmaa Lo it badanila e 208
92l  HAN.. oo Bl 211
9.22 Materials and Verification Procedures .............ccccccoeeuuecee. 212
9.2.3 Comparative Analyses of Void-Filling Results................ 215
9.3  Surface Modeling of DEM Based on
Heighit-5ampling Points s« sustaammibbamammammmmmmsnasisds 218
9.4  Surface Modeling of DEM Based on Topological Maps.............. 219
9.5  Discussion and Conclusions............ccccocoeeiiniicinniiccce, 222
951 SRIM Void FllNG: s 222
9.5.2 DEMSs Based on Height-Sampling Points
and on Topological Maps.........ccccevniiiiiininiiiiniiaes 225
|20 T2 = =i SO S—— 225
10. Surface Modeling of Population Distribution ............cc.cccccccvuvvnnnne. 231
10,1 INtEOdUCHON vumsmmmssistoivoiinsmobitivaiomm i 231
102 SNIPIY Methooh o, Lt s s s bkt i sthese o i aiess 234
10.3 SMPD-Based Population Simulation on a National
Level of CRItNa: oo bssdsnmtsbisioitnbisheimemes 236
10.3.1 Background of Major Data Layers..........ccccococueurueininrnnnes 236
10.3.1.1 Elevation ... 236
10.3:1.2. Water:Systemsi fuabubiialdinllonmmnmmmmoes 236
10.3.1.3 Land Use and Net Primary Productivity ......... 239
10.3.1.4 Spatial Distribution of Cities
atid WbaniZation s.eusmssssemsemsanisssrsssams 240

10.3.1.5 Spatial Distribution of Transport
Infrastructure in China........coccoeevveeeveevieeceeene 241




Contents

10.4

10.5

10.3.2 Population Growth .........ccoeeciiiiiiiiiiiiiiiicciiicces
10:3.21 Change Trend of Populationi..sswsmssssamsses
10.3.2.2 Population Projection ...........ccccooeuvrereeevrvnnnnnnne.

10.3.3 SMPD Operation..........ccoeuiiiininiiiiiiiiciiiccccineccenes

10.3.4 Change Trends in Population Distribution......................

10.3.5 Scenarios of Population Distribution............c.ccccocooooeiie.

10.3.6 Brief Summary. obs. Ll S Al e

SMPED i1 BEHING: cvcversesmmemsanversiisfitmasbediiodndshtsstosddisntstiasiismmsdsmns

104.1 * Specification: of SMPD:qiussmossrmsmssmasitmimaasiis

10.4.2 Descriptions Related to Data Sets...........ccccocoevevirriniinnes
10.4.2.1 Baseline Situation of Beijing in 2000..................
10:4:2.2 . Beijing Master Plan:csssmssmsmmmimmmmmsios:
10.4.2.3 Land-Use Plan........ccccocoviiininiiicnencecnes
10.4.2.4 Beijing Transportation Infrastructure

10.4.3 Simulation of Change Trends and Scenarios...................
10.4.3.1 Validation of the Specified SMPD......................
10:4.3.2 Changing Trends . oummmmamidnmammamses
10.4.3.3 SCENATIOS.....coovueuiuiiicicieiccce e

1044 Bricl SEmiRrg. wmrarwmwosmnbdiommdrokevommms e

Concliisions and, IiSEUSSI0N b verusibinisiomsisissbmmimiiiinemmmmms

References . ...cmmmmemnminssasi o Hasos bae il Jeadfcome o b 1 1 csiaes

11. Surface Modeling of Human Carrying Capacity..........c.cccoevviiieunnee.

11.1

11.2

11.3

11.4

TN TOAUEHON ..ot isiin e somsnononersistinitusss saanensnsasiissinisissnnsensrnnasinonsasioios
11.1.1 Definitions of Carrying Capacity ..........cccocoeeueuviuererernnnenes
11.1.2 Estimates of Human Carrying Capacity
on'a Global Level....cuuismmmmsadumsssm o
Method........ooiiii s
11.2.1.. Ecological Thresholds ... imesmsssssmmasmssssssssssemsmssses
11.2.1.1 Entropy, Entropy Production, and Excess
Entropy Production...........ccccocveniiccnncnnnnn
11.2.1.2 Logistic Equation of Population
GEoWth wwmiasammanmmemsmmsmen s
11.2.1.3 Theoretically Reasoning the Range of
Sustainable Growth Population...........cccccc.......
11.2:14 Brief Summary: b
11.2.2  Models for Food Provision Capacity of Terrestrial
BCOSYStOM Sesvssstiamsmmrmmmssmedbinsusesdommmmsmssm e sirssmesssnsspasngs
Data SEtS sossusssssssanismsasasmsnssstonstvhesossvasssismaissmmss s i
11.3.1 Data Sets for Ecosystem Classification of Terrestrial
BeOSYStemS s o bossmsndummssmsmssnbims oo
11.3.2 Data Sets for the Calculation of Food
Provision Capacity.......ccooeeiieiniicccccccccccccce
Food Provision Capacity of Terrestrial Ecosystems.....................

ix



Contents

X
1141 Cropland ... 304
11,4.2. Grassland stk 306
11.4.3° Woodland s 308
11.4.4 Aquatic ECOSystems..........cccocoviiiiiiiiiiiiinicicccecccce 309
11.4.4.1 Paddy Fields........cccccouoiiciininiiiicciiiiccceenn. 309
11:4.4.2 . Fish ProducCtiVity ..o sismausoimsnss s 310
11.4.5 Human Carrying Capacity........ccocoeoveueieieiiiricieiciciccne 312
11.5 Discussion and Conclusions.........ccccceevviicmnnininiiinnnicennes 315
REfEFETICES cusssusssssrsmmmssssnssnessmsssssussssismivmissssrssssisbessssbansssumssessonsiessbevsssmasanes 319
12. Changing Trends of Food Provision in China .......c.ccccccoercininnccnns 325
12,1  JALrOAUCHON covssesssmmnisisbsnsidsssimsmissmensssssisimsssssmsssossmsssbuensssnsmassssssonss 325
12.2 Farmland CHami@e ;s st i oo 55 590missssss s 325
12.2.1 Grain for Green Program...........c.ccoeeerviviniccenninincncnnn, 326
12.2.2. UrbatiZation. oo 327
12.3  Yield Change and Food Production in Farmland......................... 328
1281 CVeld fooite s s e Bt sone gomsmaresss e ssssassssssnsusvane 328
12.3.2 | Production s ssismstssssisssissssssssssssssssesssssssisrssssssssmmsssss 330
124 Grassland. Produchivity «soamrastonmminmanmmmmamsasmsnimmos 332
12.5  Aquatic Products........ccccoeiviiiiiiiiiiiiiiicciiicccccniceeae, 337
12,6 Iniportand Exportof Boodiwesdnanmamummismarassomsrisisis 339
12.7 Population That Food Could Support.......cccceeveiciiiiiicnnnes 342
12.8 Conclusions and DiSCUSSION..........ccoeveueiriiiriniiiiiiiceeiicceaes 345
REfEreNCes. e msmmtfianmn . donnasnas aarnme o ko n oo rsesseradls 347
13. Surface Modeling of Ecological Diversity...........ccccccoeeermrecineccnnnn. 349
1841 [Introductionas.shmmmnndasonnbidimlnTnalodommmmers 349
13.1.1 Debates on the Relationship between Ecological
Diversity and Ecosystem Functions...........ccccoovevennnnne. 349
13.1.2 Relationships between Species Diversity and
Ecotope DIVETSItY ismmssmsmmadsmmennmmnmmaanisms 351
13.1.2.1 Hypothesis That Ecotope Diversity
Positively Relates to Species Diversity .............. 351
13.1.2.2 Evidence against the Hypothesis That
Ecotope Diversity Positively Relates to
Species DIVersity ... 353
13:2: Ecological Diversity INdeX sussssasssssemssassssssssismsmssnsssssssssasns 354
13.2.1 Theoretical Analysis of Diversity Indices............ccccc....... 356
13.2.1.1 Drawbacks of the Diversity Indices................... 356
13.2.1.2 Scaling Diversity INAeX :..c.usbvssmmmsmsessess: 360
13.3  Effects of Different Spatial Scales on the Relationship
between Species Diversity and Ecotope Diversity .............c......... 360
184 Case StUdIES it 361

13.4.1 Case Study in Fukang of the Xinjiang
Uygur Autonomous Region ...........cccccoeveicciiiiincnee. 361



Contents xi
13.4.1.1 Data AcquiSition........cccocoveviiiciiiiiniccccccccae 362
13402, RestlES i smusimmstsmmmaummmmamnsmmmmis 364
13.4.2 Case Study of Bayin Xile Grassland in the Inner
Mongelia. Autonomons REZION el e 367
13.4.2.1 Data Acquisition of Land Cover...........ccccccc...... 367
13.4.2.2 Data Acquisition of Maximum Aboveground
Biomass in Terms of Species...........cccccvurueucucnee. 367
13:4.2.3 RESUMNS . csmemsovemmmmmmsssenslivinstbibiitnmmrs 368
13.4.3 Case Study of Dongzhi Tableland in the Loess
| EAF= 1 1 D P o E O AT 375
13.4.3.1 Species Data Acquisition and Species
Diversity Goa:tiimsatmnniniunndadmmmsaimm 377
13.4.3.2 Ecotope Data Acquisition and Ecotope
DIVETSIEY .. covidsiemeimsmdonisvtastonmstssmmisbossoomnessiese 380
13.56 Disctission and ConclusionS:«uwssnumanmusimsndsaninmsnsmms 405
13.5.1 Definitions.......cccouevuiuiiiiriiiiciciiiiicsicee s 405
13.5.2 - DIversityiIndexes oo sbndsiommsiodmsismsamsmsmsinese 416
13.5.3 Effects of Spatial Resolutions on the Relationship
between Diversity and Ecosystem Functions.................. 416
13.5.4 Species Diversity and Ecotope Diversity..........c.ccccuuuce. 417
Refetencesiiibu il nitmndaimannnimedddendidinnintammmmmmums 417
14. Change Detection ... 427
4.1  Introduetion wesemmmasmmmmesmmmsasms s m e s 427
14.2 Landscape Change Detection............ccccoueueirunicieiicisiciciicccenes 428
14.2.1 Newly Created Wetlands of the Yellow
River Delta ..c.oovmmssmmmsssmsssmmsmmmspassssdsmssisesssmsmmsssesss 428
14.2.2 MethodS:s gt mmmminmnissabinmmmeiim tmmamio 430
14.2.2.1 Patch Connectivity Index........ccoocceuvivniicnnnnne. 430
14222 Divetsity INdeX cusmesnisimsinamummnemnes 435
14.2.2.3 Model for Human Impact Intensity................... 435
14.2.2.4 Model for the Mean Center of Land Cover.......435
14.2.3 Materials and ReSUUS s 436
14.2:3:1 'Data AcquisSition «asisssssmsesbsmms s s 436
14.2.32 Results......cooiiiiiiiiiiiiiiiiicccccccc, 436
14.3 Change Detection of Land Cover in the Yellow River Delta......439
14:3.1 Methods:ssimnsiitnutammninn s mmanamm 439
14.3.1.1 Curve Theorem in the Plane and the
Approach for Change Detection ..u.asessessses 439
14:3.2 Materials.issmsiindmmmmpmiasismsom o 441
14.3.2.1 Yellow River Delta........cccccociuiiriciciiniiiiicine, 441
14:3.2.2 NV coonimesisisimnsammmoussmanemsmss: 441
14.3.2.3 Comparability of Landsat MSS Data
and Landsat TM Data........cccccoovviiiiinnnnnnnn. 442

14.3.3 RESULLS ..ottt 443



xii

15.

16.

Contents
14.3.3.1 General IndeX.......cccocouriiiimiiniiicine 443
14.3.3.2 Nonlinear Transformation SAV.............c............ 444
14.3.3.3 Nonlinear Transformation CAV......................... 447
14.4 Discussion and Conclusions...........ccccocviiiiniiiiiiiiinininciccecans 447
RELETENCES cvusiiuusivscvousvsbinssnsions fsavbotesssianissssssssssssssssssssessssssssss sassstsissessmsssnsmssins 448
Simulation of Horizontal Wind Velocity............cccccooeenninnincae. 455
15:1  Introduction qumsssmissssmmsasinmmmisesmismmmmsismms e 455
15.2 Estimation of the Parameters ...........cccccoooeuiiiiniicicicicicncciciines 457
15.2.1 Dimensionless Constant O...........ccoveveuenieiirccneeinieecnes 457
15.2.2 ~Vegetation Fractional COVET O s aesasmmsmmmesmmas 458
15.2.3 Roughness Length z, and Zero-Plane
Displacement Height d ..........ccccooooviiniiiiiii 460
15.3 Simuilationi-of Vertical Wind Profile: .smmmasmossmsmssss 462
15.3.1 Retrieval of the Essential Wheat Parameters
at Yucheng Integrated Agricultural Experiment
Station of the Chinese Academy of Sciences
in:Shandong Provinee ks wsbmiaanimsomnmmmursamss 462
15.3.2 Simulation of Horizontal Wind Velocity
above the Wheat Surface at Yucheng Integrated
Agricultural Experiment Station of the Chinese
Academy of Sciences in the Shandong Province............. 464
154 Discussion:and CONCIUSIONS .. ccswsesmesmmsesismimninaiesammtoamiy 465
RETETEIICES wscsssssunsosssvascussasssisssssssisusssssisserssmsssssisssssssssistans eonssssnssssssmdisesasasaes 467
Surface Modeling of Climatic Change and Scenarios........................ 471
16:1  TREOAUCHON cxsossssssssmsmsmssosssmsmsmnes fliiteh St bevssmossmssmssnssssmasny 471
16.2 Downscaling of HadCM3 Scenarios
o a Global lieyel sl sl a i Lzl b e dih v e gones 473
16:2.1  Data Sets s amistisassbiasisisummomssmsninsesississmsssny 473
16.2.2 Methods it mssininmnmmismmnimsinsmnimimimmes 474
16.2.3 Changes of Mean Annual Temperature and
Precipitation. . sevsasssssemueibivtingsssmsmisis s 477
16.2.3.1 Mean Annual Temperature and
Precipitation Changes under
Scenartio AdFL ..oimunsuivanuabasimmmammsnns 477
16.2.3.2 Mean Annual Temperature and
Precipitation Changes under
SCENATIONALA wosissssisisasserssssssmmsrimssssssssssmsssisismsssosss 481
16.2.3.3 Mean Annual Temperature and
Precipitation Changes under
Scenario B2a .. cusmsensisisssssnmsmsi 484
16:2:3:4 Brief SUMMATYu s 487
16.3 Simulation of Climatic Surfaces on a National Level................... 487

16.3.1 Method ....cvoueuiiiiiieiciicicececc s 487



Contents xiii

17.

16.3.1.1 Statistical Transfer Function of

Temperature ... 487
16.3.1.2 Statistical Transfer Function of
Precipitalion o bos ol it tita it essossis 489
16.3.2 Changing Trends of Mean Annual Temperature
anid,. Precipitation «wussmsesmimsrsosmmmsmmmassmsssis 491
16.3.2.1 Mean Annual Temperature .........cccccccceueueuennees 491
16.3.2.2 Mean Annual Precipitation............ccccceeuvuecninnes 493
16.3.3 Scenarios of Mean Annual Temperature and
Precipitation: s s s dbibbtabibos il dissss i siendesnsssesases 496
16.3.3.1 Downscaling of HadCM3 Climatic
SCENATIOS susussisutssnisthissimisssssssidisnsosssbuasshasssssssssmsnsns 496
16.3.3.2 Climatic Scenarios under AlFi.......cccccccccceueuene. 497
16.3.3.3 Climatic Scenarios under A2a..........cccccceuuuecce. 500
16.3.3.4 Climatic Scenarios under B2a.......cccccccccccueuneece 502
16.3:3:5 Briet SUMMATY: Sssnsemssmsmasmmmasis 505
16.4 Simulation of Climatic Surfaces on a
Provingial Level. ottt aitib b i o d lidam it s 506
1641 Materials and Methods uumusausmsminmmmassbehili 506
16.4.2 Spatial Pattern of Mean Annual Temperature................. 508
16.4.3 Spatial Pattern of Mean Annual Precipitation................. 509
165 Disaission and CONCISIONS sesmmsasaniitittmmmmarsemmoms 514
References .ommlnlale o MG L tc s amemth Lo Lt Bl s 515
Surface Modeling of Terrestrial Ecosystems............cccccccccuvurinicucuennne. 519
171 Introduction.smmwwiudass s s il orrasmonsssessarssssnsasassensrsen 519
17.2° MethOdS....cuveiiiiiiiicce e 521
1721 HLZ Classification...ommtinhosmsmsidonmmummsas 521
17.2.2 Models Related to Spatial Patterns..........ccccceeecueurnncncce 522
17.3  Scenarios of Terrestrial Ecosystems on a Global Level ............... 524
17.3.1 Downscaling of Weather Main Factors ............ccccccuuuc.. 524
17.3.2 Terrestrial Ecosystem Simulation............cccccoeuvuvvcucucunencnes 526
17.3.3  Brief SUMMATY ..o 535
17.4 Terrestrial Ecosystem Simulation on a National Level................ 536
1741 Methodssmssmmsmssommsisinimsmsiisism 5 o s 536

17.4.2 Changing Trends of Terrestrial Ecosystems in China....537
17.4.2.1 Spatial Distribution of HLZ

ECOSYStemMS wummnsetmmmmnvmmmessnsss s 537

17.4.2.2 Area Changing Trends of HLZ
Ecosystems ........cccoviiiiiiiiiiiicicicccceeee 540
17.4.2.3 Ecotope Diversity and Patch Connectivity.......545
17.4.2.4 Shift Trends of HLZ Mean Centers.................... 546
17.4.3 Scenarios of HLZ Ecosystems on a National Level ........ 550
17.4.3.1 Area Change of HLZ Ecosystems in China .....550

17.4.3.2 Mean Center ShiftS.........ccooevvveeeveeceeeeeeeeeeeene. 565



Xiv

18.

19.

20.

Contents
17.5 Ecosystem Changing Trends on a Provincial Level .................... 566
17.5.1 Spatial Pattern of Ecosystems ...........ccccceurvvecucueunrnnnccucnens 566
17.5.2 Shift Trends of HLZ Mean Centers.........c.cccocvuevururiununnee 575
17:6. Discussion and CONCIUSIONS .csssisismssmmssssassssnssssssssssmssssa 576
S L = L= 578
Surface Modeling of Land COVer .....fuuimmmmummensssassmmsssmisss 581
1811  INtEOdUCHON wsssbsssssisinbusisssimmsnbmertas mosms s s 581
18.2 Land-Cover Classification and Transition
Probability MatfiXeS ..o e smusmsmimmemnmnileiss sy 582
18.3 Spatial Distribution of Land-Cover Types........ccccccovvueuvinririninnnee. 586
18.4 Area Changes of Land-Cover Types ........cccccouvueicniiccinicinininninn. 593
18.5 Ecotope Diversity and Patch Connectivity of Land Cover ......... 596
18:6 Mean Center:Shifts of Land=Cover TYPes wuswmmmsussmsssmsssiesss 597
18.7 Discussion and Conclusions..........ccoccveuviciniiicinicninciiccisinnn. 611
RefeTenCes ......c.cuevviiiiiiiiiiiiicicic e 613
Surface Modeling of Soil Properties .............ccccccoeueiviviicivninincccncnnnes 615
191 IntrodUeHOmn. oot e B Rl L s s sssssssssssitioss 615
19.2 Materials and MethodsS ........c.cooeeveeieeieeeieieceeeeeeeee e 617
19.2.1 Investigation Region and Data Acquisition..................... 617
19.2.2 Methods.......cooiiiiiiiciiccccccc e 618
19.2.2.1 Integration of HASM with Information
on.Land Use ::uusunmusmmmsaassmammnia 619
19.2.2.2 Integration of Ordinary Kriging with
Information on Land Use..s.qwssstiviern sssssssts 619
19:2.2.3 Stratified Kriging::susssmmstiumsishonmbam 619
19.2.2.4 Validation .........cccccceviiiiininninicciecceeenee 620
19.2.2.5 | Analysis of Natianee «oucenvssisussmmrsasssrses 620
193 Results and ANalYses. . nsmmunnnnmminmansinsisaamims 621
19.3.1 ANOVA Analysis of Soil Properties among
Differesit Land-Use TYPBS. desmmmliamindusmorssres 621
19.3.2 Geostatistical ANAIYSIS wsmwemsinssmissmse e 621
19.3.3 Comparison of the Performance of HASM-SP,
OK-LU, and SK ......ccoiiiiiiiiiiicccnnicceeeeee e 622
19.3.4 Comparison of Soil Property Maps Obtained
by HASM-SP, OK-LU, and SK..........ccccoovnimniniiniiicnninns 625
19.4 Discussion and Conclusions...........cceeeeceieiiiiiciiciincccee 626
RELETEINCES suvsssvsvssssssussssasssnassessvssessssstsissmasssssssssissisisssssiibessssssssssssmsssivissss 628
Ecological Modeling and Earth Surface Simulation............................ 633
201  INtTOdUCHOY vessorssssmiramemsssoesm e oo e o swiss e s AR ARSeRIE S 633
20.2 1 Barth Surface Motleling .iiiimmesmreassssisssssasssissssissasisansnes 634
20.3 Systems ECOlOY ......ccoeueuiuiuiiiiiiiiiiciciicicicccciseieee e 637

20.4 Worldwide Collaborations............cooveevuieeeeeeiiecieceeeceeeeeeeee e 639




Contents XV
20.4.1 International Geophysical Year (IGY).....cccccccovvvviunnnnee. 639
20.4.2 International Biological Program and the

Man and Biosphere Program ...........cccccceevviciniicninnnncnnnn 640
20.4.3 World Climate Research Program (WCRP) ..................... 641
20.4.4 Intergovernmental Panel on Climate Change.................. 643
20.4.5 International Geosphere—Biosphere
Programme ... 644
20.4.6 International Human Dimensions Programme
on Global Environmental Change...........cccccooviiiirnnnee 644
20.4.7 International Programme of Biodiversity
Seience DIVERSITAS. o smsmsmmsnsnusmransmosms 645
20.4.8 Millennium Ecosystem Assessment ..........cccccccccucuvueunnnee 646
20.4.9 Earth System Science Partnership........ccccccoeuveiviiiccnnnne 647
205 Global Models. s smssusmssmmmssisssms e msssssemssssssss 647
20.5.1 General Circulation Models ..........cccooovviiiiininiiinininnnee. 647
20.5.2 World Model for the Limits to Growth..........cc.ccceueeuueee 649
20.5.3 Ecopath with ECOSIM..ccnuaessssmmsmmmmussssmsmssomnenss 649
20.5.4 Integrated Model to Assess the Global
Environment ... 650
20,55 'CENTURY MOAGL i ssssmemmnsmmssssmssmmsmsss 653
20.5.6 Terrestrial Ecosystem Model...........cccceueueirirnunununucuennennns 654
20.5.7 Dynamic Integrated Climate—Economy Model............... 656
20.5.8 Model for Evaluating Regional and Global
Effects of GHG Reduction Policies ..........cccececeenereuececrenenes 656
20.5.9 Asian Pacific Integrated Model...........cccccceeuvuviniiicnnnnce 657
20.5.10 Model for Water—Global Assessment and
PrOSTOSIS conrsseccrmrsmmmrmnsssnssmesss s s s vssms s s essess 658
20.5.11 Global Unified Metamodel of the Biosphere ................... 659
20.5.12 Grid-Enabled Integrated Earth System Modeling .......... 660
206 Similation SYStemis: mmusmmmwmasssssmissssasms amimmi 661
20.6.1 Earth SIMulator ..........cccoccvviieieieniieerncceeceeneene 661
20.6.2 Digital Earth System...........ccocooiiiiiiiiiiiiciiccce 661
20:6.3 Planet SitiUlAtOr ..o omsmmsmmmmmnommmmssmissasmans 662
20.6.4 Global Earth Observation System of Systems.................. 662
20.7 Discussion and Conclusions..........occceeeniiciinnicicccnccnnes 663
IRBEETRIUCEN s uxsnssmerusmsumnnssonsssnsnsons oo smmsisess sassuss ARSI s SRS 664
INA@X ... 675



