
Table of Contents 

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xv 
 
 
Part 1. GIS to Manage and Distribute Climate Data . . . . . . . . . . . . . .  1 
 
 
Chapter 1. GIS, Climatology and Meteorology . . . . . . . . . . . . . . . . . .  3 
Antonio PERDIGAO 

1.1. GIS technology and spatial data (working group 1) . . . . . . . . . . . .  3 
1.1.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
1.1.2. Weather and GIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
1.1.3. Geographical data, environmental data and weather data . . . . . .  5 
1.1.4. A GIS approach to access weather data . . . . . . . . . . . . . . . . .  6 

1.2. Data and metadata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1.2.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1.2.2. Important datasets . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1.2.3. Metadata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
1.2.4. Open Geospatial Consortium . . . . . . . . . . . . . . . . . . . . . . .  10 
1.2.5. EU strategies for data handling and standards . . . . . . . . . . . . .  10 
1.2.6. Meteorological datasets, important projects and programs . . . . .  12 
1.2.7. Projects using Earth Observation satellites . . . . . . . . . . . . . . .  13 

1.3. Interoperability. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
1.3.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
1.3.2. Technology for service-oriented architectures . . . . . . . . . . . . .  16 
1.3.3. Interoperability in GIS . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
1.3.4. Open Geospatial Consortium foundation ideas . . . . . . . . . . . .  18 
1.3.5. Standardized geospatial Web services. . . . . . . . . . . . . . . . . .  19 
1.3.6. GIS and AS interoperability potential: data model and formats. . .  21 
1.3.7. Atmospheric data model . . . . . . . . . . . . . . . . . . . . . . . . . .  21 



vi     Spatial Interpolation for Climate Data 

1.3.8. Support from GIS for atmospheric data formats . . . . . . . . . . . .  23 
1.4. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
1.5. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

 
Chapter 2. SIGMA: A Web-based GIS for Environmental Applications. .  25 
Carlos Frederico ANGELIS, Fabiano MORELLI, Luiz Augusto TOLEDO 
MACHADO and Cintia Pereira DE FREITAS 

2.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
2.2. CPTEC-INPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
2.3. SIGMA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27 

2.3.1. Basic functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
2.4. Impacts of weather conditions on the economy. . . . . . . . . . . . . . .  29 
2.5. Severe Weather Observation System (SOS) . . . . . . . . . . . . . . . .  29 

2.5.1. Tracking of convective clouds . . . . . . . . . . . . . . . . . . . . . .  30 
2.5.2. Risk of lightning occurrence . . . . . . . . . . . . . . . . . . . . . . .  30 

2.6. SOS interface. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 
2.7. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
2.8. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
2.9. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

 
Chapter 3. Web Mapping: Different Solutions using GIS . . . . . . . . . . .  35 
Pawel MADEJ, Malgorzata BARSZCZYNSKA and Danuta KUBACKA 

3.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
3.2. Examples of Web mapping based on the usage of GIS technology  
in offline mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
3.3. Examples of Web mapping using GIS tools in online mode . . . . . . .  38 
3.4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
3.5. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 

 
Chapter 4. Comparison of Geostatistical and Meteorological  
Interpolation Methods (What is What?) . . . . . . . . . . . . . . . . . . . . . .  45 
Tamás SZENTIMREY, Zita BIHARI and Sándor SZALAI 

4.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
4.2. Mathematical statistical model of spatial interpolation . . . . . . . . . .  46 

4.2.1. Statistical parameters. . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 
4.2.2. Linear meteorological model for expected values . . . . . . . . . . .  47 
4.2.3. Linear regression formula . . . . . . . . . . . . . . . . . . . . . . . . .  47 

4.3. Geostatistical interpolation methods . . . . . . . . . . . . . . . . . . . . .  48 
4.3.1. Ordinary kriging formula . . . . . . . . . . . . . . . . . . . . . . . . .  48 
4.3.2. Universal kriging formula . . . . . . . . . . . . . . . . . . . . . . . . .  49 
4.3.3. Modeling of unknown statistical parameters in geostatistics . . . .  50 



Table of Contents     vii 

4.4. Meteorological interpolation. . . . . . . . . . . . . . . . . . . . . . . . . .  50 
4.4.1. Meteorological interpolation formula . . . . . . . . . . . . . . . . . .  50 
4.4.2. Possibility of modeling unknown statistical parameters  
in meteorology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 
4.4.3. Difference between geostatistics and meteorology . . . . . . . . . .  52 

4.5. Software and connection of topics . . . . . . . . . . . . . . . . . . . . . .  52 
4.6. Example of the MISH application . . . . . . . . . . . . . . . . . . . . . .  54 
4.7. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 

 
Chapter 5. Uncertainty from Spatial Sampling: A Case Study  
in the French Alps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
Pierre DUMOLARD 

5.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
5.2. The sample as a whole . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
5.3. Looking in detail where the sample is not representative . . . . . . . . .  61 
5.4. Summarizing the sampling uncertainty . . . . . . . . . . . . . . . . . . .  63 

5.4.1. 2D simplification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
5.4.2. 3D generalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
5.4.3. Geographic homogenous sub-regions of the sample . . . . . . . . .  66 
5.4.4. Interpolation of a climate parameter . . . . . . . . . . . . . . . . . . .  68 

5.5. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
5.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

 
 
Part 2. Spatial Interpolation of Climate Data . . . . . . . . . . . . . . . . . . .  71 
 
 
Chapter 6. The Developments in Spatialization of Meteorological and 
Climatological Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 
Ole Einar TVEITO 

6.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 
6.2. Spatialization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 
6.3. Why spatialization? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 
6.4. The role of GIS in developing spatialization within climatology . . . .  75 
6.5. Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 
6.6. Data representativity, quality and reliability . . . . . . . . . . . . . . . .  77 
6.7. Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 

6.7.1. Spatialization of temperature . . . . . . . . . . . . . . . . . . . . . . .  81 
6.7.2. Spatialization of precipitation. . . . . . . . . . . . . . . . . . . . . . .  81 

6.8. Climate indices. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 
6.9. Gridded datasets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83 
6.10. Recommendations and future outlook . . . . . . . . . . . . . . . . . . .  84 



viii     Spatial Interpolation for Climate Data 

6.10.1. Choose the right method . . . . . . . . . . . . . . . . . . . . . . . . .  84 
6.10.2. Correct use of the method . . . . . . . . . . . . . . . . . . . . . . . .  84 
6.10.3. Test several methods . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
6.10.4. Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
6.10.5. The future. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 

6.11. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
 
Chapter 7. The Spatial Analysis of the Selected Meteorological Fields  
in the Example of Poland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
Izabela DYRAS and Zbigniew USTRNUL 

7.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 
7.2. Spatialization problems using standard observation data . . . . . . . . .  89 
7.3. Spatialization using remote sensing data. . . . . . . . . . . . . . . . . . .  91 
7.4. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
7.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
7.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 

 
Chapter 8. Optimizing the Interpolation of Temperatures by GIS:  
A Space Analysis Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
Jean-Christophe LOUBIER 

8.1. Limits of the interpolation in a heterogenous space . . . . . . . . . . . .  97 
8.2. Optimizing the spatial distribution of the stations . . . . . . . . . . . . .  98 
8.3. Underlying space assumptions . . . . . . . . . . . . . . . . . . . . . . . .  98 
8.4. Theoretical structure of our model . . . . . . . . . . . . . . . . . . . . . .  99 

8.4.1. Information management in GIS . . . . . . . . . . . . . . . . . . . . .  99 
8.5. The process of linear modeling for the selected factors . . . . . . . . . .  100 
8.6. Determination of the optimal positioning of P . . . . . . . . . . . . . . .  101 
8.7. An example of implementation . . . . . . . . . . . . . . . . . . . . . . . .  101 
8.8. Consequences and spatial/structural understanding . . . . . . . . . . . .  102 
8.9. Determination of authorized spaces . . . . . . . . . . . . . . . . . . . . .  103 

8.9.1. Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
8.9.2. Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 

8.10. Taking uncertainty into account: a choice/given couple . . . . . . . . .  104 
8.11. The standardization process . . . . . . . . . . . . . . . . . . . . . . . . .  105 
8.12. Results for the addition of stations . . . . . . . . . . . . . . . . . . . . .  105 
8.13. Authorized interpolators . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
8.14. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
8.15. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  107 

 



Table of Contents     ix 

Chapter 9. Daily Winter Air Temperature Mapping in  
Mountainous Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 
Rémi LHOTELLIER 

9.1. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 
9.2. GIS and climatic data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110 
9.3. Spatialization of air temperature on a daily scale. . . . . . . . . . . . . .  112 
9.4. Temperature maps (local scale) . . . . . . . . . . . . . . . . . . . . . . . .  117 
9.5. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 
9.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  119 

 
Chapter 10. Aspects Concerning the Spatialization of Radiation 
Balance Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
Cristian Valeriu PATRICHE 

10.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
10.2. Comparison of the models . . . . . . . . . . . . . . . . . . . . . . . . . .  128 
10.3. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  136 

 
 
Part 3. Demo Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  139 
 
 
Chapter 11. The Use of GIS Applications in Meteorology and Climatology: 
A Need for the Application of Regional Ecological Modeling Approaches .  141 
Martin WEGEHENKEL 

11.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141 
11.2. Overview of the actual state of the art of GIS applications 
in meteorology and climatology . . . . . . . . . . . . . . . . . . . . . . . . . .  142 
11.3. GIS applications in meteorology and climatology and regional 
ecological modeling approaches . . . . . . . . . . . . . . . . . . . . . . . . . .  143 

11.3.1. Quality check of meteorological data . . . . . . . . . . . . . . . . .  144 
11.3.2. Regional application of an ecological model . . . . . . . . . . . . .  147 

11.4. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151 
11.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153 
11.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153 

 
Chapter 12. GIS Application to Daily Fire Risk Mapping . . . . . . . . . . .  155 
Álvaro SILVA 

12.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  155 
12.2. Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  156 

12.2.1. Conjuncture Fire Index (CFI) . . . . . . . . . . . . . . . . . . . . . .  156 
12.2.2. Fire Weather Index (FWI) . . . . . . . . . . . . . . . . . . . . . . . .  156 



x     Spatial Interpolation for Climate Data 

12.2.3. Fire risk mapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158 
12.3. Results: some examples . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158 

12.3.1. FWI map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158 
12.3.2. CFR map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158 
12.3.3. Adding spatial statistics . . . . . . . . . . . . . . . . . . . . . . . . .  159 

12.4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  159 
12.5. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  164 

 
Chapter 13. Application of GIS Technology on the Comparisons of 
Climatological Databases: An Overview of Winter Precipitation  
over Spain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165 
M.Y. LUNA, M.L. MARTÍN, M.G. SOTILLO, C. ALMARZA, F. VALERO  
and J. DE LA CRUZ 

13.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  165 
13.2. Data and methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166 
13.3. Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  168 
13.4. Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . .  169 
13.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  170 
13.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  171 

 
Chapter 14. Drought Sensitivity Research in Hungary and Influence 
of Climate Change on Drought Sensitivity . . . . . . . . . . . . . . . . . . . . .  179 
Sándor SZALAI, Szabolcs BELLA and Ákos NÉMETH 

14.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  179 
14.2. The climate of Hungary . . . . . . . . . . . . . . . . . . . . . . . . . . . .  181 
14.3. Method. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  182 

14.3.1. Soil parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  182 
14.3.1.1. Mineral content . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183 
14.3.1.2. Soil texture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183 
14.3.1.3. Water management . . . . . . . . . . . . . . . . . . . . . . . . . .  183 
14.3.1.4. Topsoil thickness . . . . . . . . . . . . . . . . . . . . . . . . . . .  184 
14.3.1.5. Organic content . . . . . . . . . . . . . . . . . . . . . . . . . . . .  184 
14.3.1.6. Type of rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  184 

14.3.2. Precipitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  184 
14.3.3. Groundwater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  184 
14.3.4. Land use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  185 
14.3.5. Slope and aspect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  185 

14.4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  187 
14.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  188 
14.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  188 

 



Table of Contents     xi 

Chapter 15. First Steps Towards a New Temperature Climatology of the 
Greater Alpine Region (GAR) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 
Wolfgang SCHÖNER, Ingeborg AUER and Reinhard BÖHM 

15.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189 
15.2. Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  190 
15.3. Spatialization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  194 
15.4. Summary and outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  194 
15.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  196 
15.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  197 

 
Chapter 16. XRWIS: A New GIS Paradigm for Winter  
Road Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  199 
John E. THORNES, Lee CHAPMAN and Steve WHITE 

16.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  199 
16.2. The current RWIS paradigm in the UK. . . . . . . . . . . . . . . . . . .  200 
16.3. Next generation road weather information systems: XRWIS. . . . . .  202 
16.4. Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  203 
16.5. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  204 
16.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  205 

 
 
Part 4. Climate-related Applications . . . . . . . . . . . . . . . . . . . . . . . .  213 
 
 
Chapter 17. The Use of GIS in Climatology: Challenges in Fine Scale 
Applications: Examples in Agrometeorological and Urban  
Climate Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  215 
Claude KERGOMARD 

17.1. Aim and context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  215 
17.2. GIS challenges in fine scale applications. . . . . . . . . . . . . . . . . .  216 

17.2.1. First challenge: handle, homogenize and archive “atmospheric 
information”. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  216 
17.2.2. Second challenge: handle, synthesize and prepare “geographical 
information”. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  216 
17.2.3. Third challenge: spatial interpolation of climatological/air  
quality data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  216 
17.2.4. Fourth challenge: GIS-based spatial interpolation . . . . . . . . . .  217 

17.3. Examples of application in agrometeorology . . . . . . . . . . . . . . .  217 
17.3.1. Spring frost hazard in the Champagne vineyard . . . . . . . . . . .  218 
17.3.2. Towards interpolation in a fruit orchard at the scale of  
pieces of land . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  220 



xii     Spatial Interpolation for Climate Data 

17.4. Urban studies examples . . . . . . . . . . . . . . . . . . . . . . . . . . . .  221 
17.4.1. Urban heat island in the Lille metropolitan area . . . . . . . . . . .  221 
17.4.2. GIS-based analysis of urban fabric for use in urban  
climatology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  222 

17.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  224 
17.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  224 

 
Chapter 18. Climate Impact on the Winter Land Use and Land Cover 
Management in Brittany . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  227 
S. CORGNE, H. QUÉNOL, O. PLANCHON and T. CORPETTI 

18.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  227 
18.2. Climate characteristics of the study area . . . . . . . . . . . . . . . . . .  228 

18.2.1. Site description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  228 
18.2.2. Meteorological information . . . . . . . . . . . . . . . . . . . . . . .  229 

18.2.2.1. Meteorological data. . . . . . . . . . . . . . . . . . . . . . . . . .  229 
18.2.2.2. Space-time variability analysis of precipitation  
on the Scorff watershed using the three reference stations. . . . . . . . .  230 

18.2.3. Relationships between precipitation space-time variability  
and land cover management . . . . . . . . . . . . . . . . . . . . . . . . . . .  231 

18.3. Impact of the climate characteristics in the land cover  
prediction model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  233 

18.3.1. Presentation of the land cover prediction model . . . . . . . . . . .  233 
18.3.1.1. Presentation of the DST and DSmT . . . . . . . . . . . . . . . .  233 
18.3.1.2. Change prediction design and results of the land  
cover prediction with DST and DSmT . . . . . . . . . . . . . . . . . . . .  235 

18.3.2. Integration of the climate variable in the land cover  
prediction model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  237 

18.3.2.1. Mass function affectation of the climatic factor . . . . . . . . .  237 
18.3.2.2. Results of the land cover prediction with the integration 
of the climate variable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  238 

18.4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  239 
18.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  240 
18.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  240 

 
Chapter 19. A Tool for the Integrated Use of Remote Sensing with  
Ground Truth Data: DEMETER Project . . . . . . . . . . . . . . . . . . . . .  243 
A. PERDIGAO, A. JOCHUM, A. CALERA, L. PESSANHA, A. CHINITA  
and J. MAIA 

19.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  243 
19.2. Methodology used on the project . . . . . . . . . . . . . . . . . . . . . .  244 
19.3. Product line methodology . . . . . . . . . . . . . . . . . . . . . . . . . .  245 
19.4. Report and data from the field campaigns . . . . . . . . . . . . . . . . .  248 



Table of Contents     xiii 

19.5. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  251 
19.6. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  251 
19.7. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  251 

 
Chapter 20. Assessing Population Exposure to Odorous Pollution  
from a Landfill over Complex Terrain . . . . . . . . . . . . . . . . . . . . . . .  253 
Caroline RIESENMEY, Charles CHEMEL, Hervé VAILLANT  
and Mireille BATTON-HUBERT 

20.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  253 
20.2. Model set-up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  254 

20.2.1. Description of the landfill area . . . . . . . . . . . . . . . . . . . . .  254 
20.2.2. Meteorological modeling . . . . . . . . . . . . . . . . . . . . . . . .  254 
20.2.3. Terrain data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  256 

20.2.3.1. Orography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  256 
20.2.3.2. Land use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  258 

20.3. Model results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 
20.3.1. Case study: 17 August 2002 . . . . . . . . . . . . . . . . . . . . . . .  260 
20.3.2. Map of the population exposure . . . . . . . . . . . . . . . . . . . .  260 

20.4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  262 
20.5. Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  262 
20.6. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  263 

 
Chapter 21. Disaggregated Estimation of N2O Fluxes from Agricultural  
Soils of the Italian Region by Modelization in GIS Environment . . . . . .  265 
Anna CARFORA, Simona CASTALDI, Marco VIGLIOTTI  
and Riccardo VALENTINI  

21.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  265 
21.2. Data sources and methods . . . . . . . . . . . . . . . . . . . . . . . . . .  267 

21.2.1. Methods applied for N2O flux calculation. . . . . . . . . . . . . . .  267 
21.2.2. Applied models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  267 

21.3. Results and discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  271 
21.4. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  275 

 
 
List of Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  277 
 
 
Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  283 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /AdobeSansMM
    /AdobeSerifMM
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 350
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




