
 
  

 

 

 

 



tǊƻƧŜŎǘΥ 

²ŀǘŜǊ .ŀƭŀƴŎŜΥ {ǘŀōƛƭƛȊƛƴƎ ǘƘŜ {ƪŀŘŀǊ [ŀƪŜ ²ŀǘŜǊǎƘŜŘ 

Implementing Organization: 
Environment Programme (EnvPro)1 

CƛƴŀƴŎƛŀƭ {ǳǇǇƻǊǘΥ 
CƻǊŜǎǘ {ŜǊǾƛŎŜ LƴǘŜǊƴŀǝƻƴŀƭ CƻǳƴŘŀǝƻƴ2 

Document Title: 
Modelling Implementation Report, Water Balance: Stabilizing the Skadar Lake Watershed 
 

Author: 
Mr Juan Fernandez Sainz, Backstopping Hydrological Expert 

Date: 
December 2025 

Project Team: 

Mr !ƴŀ Yŀǘƴƛŏ ς Executive Director of EnvPro 
Mr Juan Fernandez Sainz ς Backstopping Hydrological Expert 
a{Ŏ bŀǘŀǑŀ Lƭƛƴőƛŏ ς Project Associate 
 

 

 

 

 

 

¢ƘŜ ǾƛŜǿǎ ŜȄǇǊŜǎǎŜŘ ƛƴ ǘƘƛǎ ǇǳōƭƛŎŀǝƻƴ ŀǊŜ ǘƘŜ ǎƻƭŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƻŦ ǘƘŜ ƴƻƴπƎƻǾŜǊƴƳŜƴǘŀƭ 

ƻǊƎŀƴƛȊŀǝƻƴ 9ƴǾƛǊƻƴƳŜƴǘ tǊƻƎǊŀƳƳŜ ό9ƴǾtǊƻύ ŀƴŘ Řƻ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜƅŜŎǘ ǘƘŜ ǾƛŜǿǎ ƻŦ 

ǘƘŜ ŘƻƴƻǊΦ  

                                                           
1 https://envpro.me/  

2  https://www.forestserviceinternational.org/  

 

https://envpro.me/
https://www.forestserviceinternational.org/


Table of Contents 

Executive sumamry ................................................................................................................................. 7 

1. Introduction .................................................................................................................................. 11 

2. Methodology ................................................................................................................................. 11 

2.1. Full Water Balance Overview ................................................................................................ 11 

2.1.1. Conceptual Framework ................................................................................................. 11 

2.1.2. Water Balance Equation and Component Definitions .................................................. 11 

2.2. Software Selection ................................................................................................................ 13 

2.3. Surface and Groundwater Water Balance ............................................................................ 13 

2.3.1. Model Configuration ..................................................................................................... 13 

2.3.2. Hydrological Simulation ................................................................................................ 15 

2.3.3. Calibration and Validation ............................................................................................ 15 

2.3.4. Baseline Scenarios ......................................................................................................... 16 

2.3.5. Climate Change Scenarios ............................................................................................. 16 

2.4. Area of Interest ..................................................................................................................... 16 

2.5. Assessment ........................................................................................................................... 17 

2.5.1. Initial Assessment ......................................................................................................... 17 

2.5.2. Identification of Watershed Instabilities ...................................................................... 18 

3. SWAT Modelling Implementation ................................................................................................. 18 

3.1. SWAT Data Inputs ................................................................................................................. 18 

3.1.1. DEM processing ............................................................................................................. 18 

3.1.2. Climate data .................................................................................................................. 20 

3.1.3. Climate Change Data ..................................................................................................... 21 

3.1.4. Land-use/Land-cover .................................................................................................... 22 

3.1.5. Soil Data ........................................................................................................................ 22 

3.1.6. Groundwater Data ........................................................................................................ 22 

3.1.7. Hydrological Data .......................................................................................................... 23 

3.2. SWAT Data Processing .......................................................................................................... 24 



3.2.1. Watershed and Subcatchment Delineation .................................................................. 24 

3.2.2. Land-use/Land-cover .................................................................................................... 25 

3.2.3. Soil ................................................................................................................................. 27 

3.2.4. Snow .............................................................................................................................. 29 

3.2.5. Groundwater ................................................................................................................. 29 

3.3. SWAT Parametrisation .......................................................................................................... 30 

3.3.1. HRU Definition .............................................................................................................. 30 

3.3.2. Potential Evapotranspiration (PET) ............................................................................... 30 

3.3.3. Snow Processes ............................................................................................................. 30 

3.3.4. Climate Forcing ............................................................................................................. 30 

3.3.5. Topography and Channel Definition ............................................................................. 31 

3.3.6. Groundwater and Aquifer Configuration ...................................................................... 31 

3.4. SWAT Calibration and Sensitivity Testing ............................................................................. 31 

3.4.1. Initial Results and Calibration ....................................................................................... 31 

3.4.2. Validation ...................................................................................................................... 35 

4. Assessment ................................................................................................................................... 38 

4.1. Initial Assessment ................................................................................................................. 38 

4.1.1. Water Balance Components ......................................................................................... 38 

4.1.2. Flow Regimes and Discharge ........................................................................................ 40 

4.1.3. Lake input ...................................................................................................................... 45 

4.2. Identification of Watershed Instabilities .............................................................................. 49 

4.2.1. Identification of Issues in Landscape Units ................................................................... 49 

4.2.2. Sediment Yield: Identify Erosion Hotspots ................................................................... 53 

4.2.3. Land Use Change Sensitivity ......................................................................................... 55 

4.2.4. Runoff Coefficient ......................................................................................................... 56 

5. Conclusions ................................................................................................................................... 56 

 



 

Table of Figures 

Figure 1. Area of Interest (AoI) ............................................................................................................. 17 

Figure 2. Groundwater .......................................................................................................................... 23 

Figure 3. Hydrological Stations ............................................................................................................. 24 

Figure 4. Sub-catchments ..................................................................................................................... 25 

Figure 5. Land-uses ............................................................................................................................... 27 

Figure 6. Soil Data ................................................................................................................................. 29 

Figure 7. Calibration Points ................................................................................................................... 32 

Figure 8. Calibration results .................................................................................................................. 33 

Figure 9. Calibration results .................................................................................................................. 33 

Figure 10. Calibration results ................................................................................................................ 34 

Figure 11. Calibration results ................................................................................................................ 34 

Figure 12. Calibration results ................................................................................................................ 34 

Figure 13. Calibration results ................................................................................................................ 35 

Figure 14. Calibration results ................................................................................................................ 35 

Figure 15. Validation results ................................................................................................................. 36 

Figure 16. Validation results ................................................................................................................. 36 

Figure 17. Validation results ................................................................................................................. 36 

Figure 18. Validation results ................................................................................................................. 36 

Figure 19. Flow analysis locations ......................................................................................................... 41 

Figure 20. Flow at the analysis locations .............................................................................................. 44 

Figure 21.Inflows into Lake Skadar ....................................................................................................... 45 

Figure 22. Discharge values at inflow locations .................................................................................... 46 

Figure 23. All inflows into Skadar combined ......................................................................................... 46 

Figure 24. Outflow of Lake Skadar ........................................................................................................ 46 

Figure 25. Difference between outflow and inflow .............................................................................. 47 

Figure 26. Identified LSUs ..................................................................................................................... 53 

Figure 27. Mean sediment yield from 1971 to 2020 ............................................................................ 54 

Figure 28. Sediment yield under Climate Change conditions (2021-2049) .......................................... 54 

Figure 29. Runoff Coefficient ................................................................................................................ 56 

 

 



 

Table of Tables 

Table 1. Virtual weather stations .......................................................................................................... 20 

Table 2. Aquifers ................................................................................................................................... 23 

Table 3. Hydrological station Data ........................................................................................................ 23 

Table 4. Land-uses codes ...................................................................................................................... 25 

Table 5. Distribution of land-uses ......................................................................................................... 27 

Table 6. Stations used in Calibration ..................................................................................................... 31 

Table 7. Calibration Parameters ........................................................................................................... 32 

Table 8. Average Water resources Water Balance ............................................................................... 38 

Table 9. Discharge trends...................................................................................................................... 42 

Table 10. Changes in water yield .......................................................................................................... 50 

Table 11. Change in evapotranspiration ............................................................................................... 51 

Table 12. Change in soil water storage ................................................................................................. 51 

Table 13. Land use Analysis .................................................................................................................. 55 

 

 

 

 

 

 

 

 

 

 

 

 

 



9ȄŜŎǳǝǾŜ ǎǳƳŀƳǊȅ 

CǊƻƳ ŀ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ǇŜǊǎǇŜŎǝǾŜΣ ǘƘǊŜŜ ƪŜȅ ƛƴŘƛŎŀǘƻǊǎ ŀǊŜ ǳǎŜŘ ǘƻ ƛŘŜƴǝŦȅ ŀǊŜŀǎ ƻŦ ƛƴǎǘŀōƛƭƛǘȅ ƻǊ ƭŀŎƪ 

ƻŦ ǊŜǎƛƭƛŜƴŎŜ ǿƛǘƘƛƴ ǘƘŜ {ƪŀŘŀǊ [ŀƪŜ .ŀǎƛƴΦ ! ŘŜŎǊŜŀǎŜ ƛƴ ǿŀǘŜǊ ȅƛŜƭŘ ǎƛƎƴŀƭǎ ǊŜŘǳŎŜŘ ǎǘǊŜŀƳƅƻǿΣ ǿƘƛŎƘ 

Ŏŀƴ ƭƛƳƛǘ ŘƻǿƴǎǘǊŜŀƳ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ŀũŜŎǘ ŀǉǳŀǝŎ ōƛƻŘƛǾŜǊǎƛǘȅΦ !ƴ ƛƴŎǊŜŀǎŜ ƛƴ 

ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ǊŜƅŜŎǘǎ ƎǊŜŀǘŜǊ ǿŀǘŜǊ ƭƻǎǎ ǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΣ ǊŜǎǳƭǝƴƎ ƛƴ ŘǊƛŜǊ ǎƻƛƭǎ ŀƴŘ 

ƘŜƛƎƘǘŜƴŜŘ ǎǘǊŜǎǎ ƻƴ ǾŜƎŜǘŀǝƻƴ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎΦ CƛƴŀƭƭȅΣ ŀ ƴŜƎŀǝǾŜ ŎƘŀƴƎŜ ƛƴ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ 

ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǎƻƛƭǎ ŀǊŜ ǊŜǘŀƛƴƛƴƎ ƭŜǎǎ ǿŀǘŜǊ ƻǾŜǊ ǘƘŜ ȅŜŀǊΣ ƛƴŎǊŜŀǎƛƴƎ ŘǊƻǳƎƘǘ Ǌƛǎƪ ŀƴŘ ǊŜŘǳŎƛƴƎ ǘƘŜ 

ǎǘŜŀŘȅ ōŀǎŜƅƻǿ ǘƘŀǘ ǎǳǎǘŀƛƴǎ ǊƛǾŜǊǎ ŘǳǊƛƴƎ ŘǊȅ ǇŜǊƛƻŘǎΦ 

Lƴ ƻǊŘŜǊ ǘƻ ǳƴŘŜǊǘŀƪŜ ǘƘƛǎ ŀƴŀƭȅǎƛǎΣ ŦƻǊ ŜŀŎƘ [{¦3 ŀƴŘ ŦƻǊ ŜŀŎƘ ǇŜǊƛƻŘΣ ǘƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ǾŀƭǳŜǎ ŦƻǊ 

ά²ŀǘŜǊ ¸ƛŜƭŘέΣ ά9ǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴέΣ ŀƴŘ ά/ƘŀƴƎŜ ƛƴ {ƻƛƭ ²ŀǘŜǊ {ǘƻǊŀƎŜέ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘΦ 

¢ƘŜǎŜ [{¦ǎ ƘŀǾŜ ōŜŜƴ ƳŀǇǇŜŘ όCƛƎǳǊŜ мύ ŦƻǊ Ŝŀǎȅ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ƛǎǎǳŜǎΦ  ¢ƘŜ ƘƛƎƘƭƛƎƘǘŜŘ [{¦ǎ 

όнмΣ нсΣ ссΣ млтΣ млуΣ млфΣ мтлΣ мтнΣ мтоΣ мопΣ мпрΣ ммлΣ ммрΣ мпфΣ моуΣ мроΣ ŀƴŘ мтрύ ŎƻǊǊŜǎǇƻƴŘ ǘƻ 

ŀǊŜŀǎ ǿƛǘƘ ǘƘŜ Ƴƻǎǘ ǎŜǾŜǊŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ƛƳōŀƭŀƴŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ŘŜŎƭƛƴƛƴƎ ǿŀǘŜǊ ȅƛŜƭŘΣ ƛƴŎǊŜŀǎƛƴƎ 

ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴΣ ŀƴŘ ƴŜƎŀǝǾŜ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜΦ 

 

CƛƎǳǊŜ мΦ LŘŜƴǝŬŜŘ [{¦ǎ 

                                                           
3 [{¦ǎ Ґ ά[ŀƴŘǎŎŀǇŜ ¦ƴƛǘǎέ όƳƻŘŜƭ ȊƻƴŜǎ ǿƛǘƘ ǎƛƳƛƭŀǊ ǘŜǊǊŀƛƴκǎƻƛƭǎκƭŀƴŘ ŎƻǾŜǊύΦ ¢ƘŜ ƴǳƳōŜǊǎ όŜΦƎΦΣ [{¦ нмύ ŀǊŜ 

ƳƻŘŜƭ L5ǎ ŦƻǊ ǎǇŜŎƛŬŎ ƳŀǇǇŜŘ ŀǊŜŀǎΦ  



²ƛǘƘƛƴ ǘƘŜ {ƪŀŘŀǊ .ŀǎƛƴ ƳƻŘŜƭƭƛƴƎΣ ǘƘŜ Ƴƻǎǘ ŎǊƛǝŎŀƭ ŀǊŜŀǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ƴƻǊǘƘ ŀƴŘ ƴƻǊǘƘŜŀǎǘΣ 

ǿƘŜǊŜ ƭŀƴŘǎŎŀǇŜ ǳƴƛǘǎ ǎǳŎƘ ŀǎ [{¦ мопΣ мпрΣ ммлΣ ммрΣ мпфΣ моуΣ мроΣ ŀƴŘ мтр ǎƘƻǿŜŘ ŀ ǎǘǊƻƴƎ ŘŜŎƭƛƴŜ 

ƛƴ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǎƻƛƭǎ ŀǊŜ ōŜŎƻƳƛƴƎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŘǊȅ ŀƴŘ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ 

ŘǊƻǳƎƘǘΣ ǿƘƛƭŜ ŀǘ ǘƘŜ ǎŀƳŜ ǝƳŜ ǘƘŜ ƘƛƎƘŜǎǘ ƭŜǾŜƭǎ ƻŦ ŜǊƻǎƛƻƴ ŀƴŘ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘ ŀǊŜ ǊŜŎƻǊŘŜŘΦ 5ǳŜ ǘƻ 

ƘƛƎƘ Ǌǳƴƻũ ŎƻŜŶŎƛŜƴǘǎΣ ǿŀǘŜǊ ǉǳƛŎƪƭȅ ŘǊŀƛƴǎ ŦǊƻƳ ǘƘŜ ǎǳǊŦŀŎŜΣ ŎǊŜŀǝƴƎ ƅŀǎƘ ƅƻǿǎ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ƅƻƻŘ 

Ǌƛǎƪ ƛƴ ǘƘŜǎŜ ǇŀǊǘǎ ƻŦ ǘƘŜ ōŀǎƛƴΦ Lƴ ŀŘŘƛǝƻƴΣ ǊƛǾŜǊ ƅƻǿ ǊŜŘǳŎǝƻƴǎ ƘŀǾŜ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ {ǳǑƛŎŀΣ 

½ŜǘŀΣ ŀƴŘ ǳǇǇŜǊ aƻǊŀőŀΣ ŎƻƴŬǊƳƛƴƎ ǘƘŜ ƴŜƎŀǝǾŜ ǘǊŜƴŘ ƛƴ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΦ 

!ǘ ǘƘŜ ōŀǎƛƴΩǎ ŜŘƎŜǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ǘƘŜ ǎƻǳǘƘ ŀƴŘ ŀƭƻƴƎ ǘƘŜ ǿŜǎǘŜǊƴ ŀƴŘ ŜŀǎǘŜǊƴ ǊƛƳǎΣ ǳƴƛǘǎ ǎǳŎƘ ŀǎ 

[{¦ ссΣ млтΣ млуΣ млфΣ мтлΣ мтнΣ ŀƴŘ мто ŜȄǇŜǊƛŜƴŎŜ ŀ ǎƘŀǊǇ ƛƴŎǊŜŀǎŜ ƛƴ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ς ƛƴ ǎƻƳŜ 

ŎŀǎŜǎ ōȅ ƳƻǊŜ ǘƘŀƴ сл҈Φ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ƭŀǊƎŜ ŀƳƻǳƴǘǎ ƻŦ ǿŀǘŜǊ ŀǊŜ ƭƻǎǘ ǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǊŀǘƘŜǊ 

ǘƘŀƴ ǊŜƳŀƛƴƛƴƎ ŀǾŀƛƭŀōƭŜ ƛƴ ǎƻƛƭǎ ŀƴŘ ǎǘǊŜŀƳǎΦ Lƴ ǇŀǊŀƭƭŜƭΣ ŎŜǊǘŀƛƴ ƴƻǊǘƘŜǊƴ ǳƴƛǘǎΣ ŜǎǇŜŎƛŀƭƭȅ [{¦ нм ŀƴŘ 

нсΣ ǎƘƻǿ ŀ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴ ƛƴ ƻǾŜǊŀƭƭ ǿŀǘŜǊ ȅƛŜƭŘΣ ǿƘƛŎƘ ƛƳǇƭƛŜǎ ǘƘŀǘ ǊƛǾŜǊǎ ŀǊŜ ǊŜŎŜƛǾƛƴƎ ƭŜǎǎ 

ŎƻƴǘǊƛōǳǝƻƴ ŦǊƻƳ ǘƘŜǎŜ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀǎΦ 

¢ƘŜ ŀǊŜŀ ƛƳƳŜŘƛŀǘŜƭȅ ǎǳǊǊƻǳƴŘƛƴƎ [ŀƪŜ {ƪŀŘŀǊ ƛǎ ǇŀǊǝŎǳƭŀǊƭȅ ǎŜƴǎƛǝǾŜΣ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ Ǌǳƴƻũ 

ŎƻŜŶŎƛŜƴǘǎ ƛƴŘƛŎŀǝƴƎ Ǌƛǎƪǎ ƻŦ ƅŀǎƘ ƅƻƻŘǎ ŀƴŘ ǎǳǊŦŀŎŜ ǿŀǘŜǊƭƻƎƎƛƴƎΦ IƻǿŜǾŜǊΣ ǘƘŜ Ƴŀƛƴ ŎƻƴŎŜǊƴ ƛǎ ǘƘŀǘ 

ǘƘŜ ƭŀƪŜ ŀƭǊŜŀŘȅ Ƙŀǎ ŀ ƴŜƎŀǝǾŜ ōŀƭŀƴŎŜ ς ƳƻǊŜ ǿŀǘŜǊ ƭŜŀǾŜǎ ǘƘŀƴ ŜƴǘŜǊǎΦ tǊƻƧŜŎǝƻƴǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ 

ŀƴƴǳŀƭ ŘŜŬŎƛǘ ǿƛƭƭ ǊŜŀŎƘ ŀōƻǳǘ ҍмΦрн Ҏ млэ ƳшΣ ŀƴŘ ŎǳƳǳƭŀǝǾŜƭȅ ōȅ ƳƛŘπŎŜƴǘǳǊȅ ƛǘ ŎƻǳƭŘ ŀƳƻǳƴǘ ǘƻ 

ҍуΦнп Ҏ млю ƳшΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ƎǊŀŘǳŀƭ ǊŜŘǳŎǝƻƴ ƛƴ ƭŀƪŜ ǾƻƭǳƳŜ ŀƴŘ ǇƻǎƛƴƎ ŘƛǊŜŎǘ Ǌƛǎƪǎ ǘƻ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ 

ƭƻŎŀƭ ŎƻƳƳǳƴƛǝŜǎΦ  

[ŀƴŘπǳǎŜ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ƎǊŜŀǘŜǎǘ ŜǊƻǎƛƻƴ ƻǊƛƎƛƴŀǘŜǎ ŦǊƻƳ ŘǊȅ ŎǊƻǇƭŀƴŘ ŀǊŜŀǎ ό5Ǌȅ /ǊƻǇƭŀƴŘ ς 

/w5¸Σ ƻǾŜǊ рр ǘκƘŀκȅŜŀǊύΣ ǿƘƛƭŜ ǳǊōŀƴ ȊƻƴŜǎ ǊŜŎƻǊŘ ŜȄǘǊŜƳŜƭȅ ƘƛƎƘ Ǌǳƴƻũ ŀƴŘ ŎƻƴǘǊƛōǳǘŜ ŀŘŘƛǝƻƴŀƭ 

ǎŜŘƛƳŜƴǘǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ŦƻǊŜǎǘŜŘ ŀƴŘ ƎǊŀǎǎƭŀƴŘ ŀǊŜŀǎ ŎƻƴǘǊƛōǳǘŜ ƳƛƴƛƳŀƭƭȅ ǘƻ ŜǊƻǎƛƻƴ ŀƴŘ ǇǊƻǾƛŘŜ ŀ 

ǎǘŀōƛƭƛȊƛƴƎ ŜũŜŎǘ ƻƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘΦ  CƛƎǳǊŜǎ н ŀƴŘ о ǇǊŜǎŜƴǘ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘ ǇŀǧŜǊƴǎ ŀŎǊƻǎǎ ǘƘŜ ōŀǎƛƴΦ 

¢ƘŜ ƴƻǊǘƘŜŀǎǘΣ ƴƻǊǘƘΣ ŀƴŘ ƴƻǊǘƘǿŜǎǘ ǎǳōŎŀǘŎƘƳŜƴǘǎ ŀǊŜ ŜǊƻǎƛƻƴ ƘƻǘǎǇƻǘǎΣ ǿƛǘƘ ŘǊȅ ŎǊƻǇƭŀƴŘ 

ŎƻƴǘǊƛōǳǝƴƎ ǘƘŜ ƘƛƎƘŜǎǘ ǎŜŘƛƳŜƴǘ ƭƻŀŘǎΦ /ƭƛƳŀǘŜ ŎƘŀƴƎŜ ǎŎŜƴŀǊƛƻǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ǘƘŜǎŜ ƘƻǘǎǇƻǘǎ ǿƛƭƭ 

ǇŜǊǎƛǎǘ ƻǊ ƛƴǘŜƴǎƛŦȅΣ ǳƴŘŜǊǎŎƻǊƛƴƎ ƭƻƴƎπǘŜǊƳ ǿŀǘŜǊǎƘŜŘ ƛƴǎǘŀōƛƭƛǘȅΦ 



 

CƛƎǳǊŜ нΦ aŜŀƴ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘ ŦǊƻƳ мфтм ǘƻ нлнл 

 

 

CƛƎǳǊŜ оΦ {ŜŘƛƳŜƴǘ ȅƛŜƭŘ ǳƴŘŜǊ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŎƻƴŘƛǝƻƴǎ όнлнмπнлпфύ 

 



¢ƘŜ Ǌǳƴƻũ ŎƻŜŶŎƛŜƴǘ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǘƻ ŀǎǎŜǎǎ ƛƴŬƭǘǊŀǝƻƴ ŎŀǇŀŎƛǘȅ ŀƴŘ ƅŀǎƘ ƅƻƻŘ Ǌƛǎƪ ŀǘ ǘƘŜ 

[{¦ ǎŎŀƭŜΣ ǳǎƛƴƎ ǘƘŜ Ǌŀǝƻ ƻŦ ǘƻǘŀƭ ǎǳǊŦŀŎŜ Ǌǳƴƻũ ǘƻ ǘƻǘŀƭ ǇǊŜŎƛǇƛǘŀǝƻƴΦ wŜǎǳƭǘǎ όCƛƎǳǊŜ пύ ǎƘƻǿ ǘƘŀǘ 

Ƴƻǳƴǘŀƛƴƻǳǎ ŀǊŜŀǎ ƛƴ ǘƘŜ ƴƻǊǘƘ ŀƴŘ ƴƻǊǘƘǿŜǎǘ ŜȄƘƛōƛǘ ŀ ƅŀǎƘȅ ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜΣ ǿƛǘƘ ǾŀƭǳŜǎ 

ŀōƻǾŜ лΦрΦ ¢ƘŜ ƘƛƎƘŜǎǘ Ǌǳƴƻũ ŎƻŜŶŎƛŜƴǘǎΣ ƘƻǿŜǾŜǊΣ ǿŜǊŜ ƻōǎŜǊǾŜŘ ƛƴ [{¦ǎ ƭƻŎŀǘŜŘ ŎƭƻǎŜǎǘ ǘƻ [ŀƪŜ 

{ƪŀŘŀǊΣ ƛƴŘƛŎŀǝƴƎ ŜƭŜǾŀǘŜŘ Ǌƛǎƪ ƻŦ ƅŀǎƘ ƅƻƻŘƛƴƎ ŀƴŘ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŀŎŎǳƳǳƭŀǝƻƴ ƛƴ ǘƘƛǎ ȊƻƴŜΦ 

 

 

CƛƎǳǊŜ пΦ wǳƴƻũ /ƻŜŶŎƛŜƴǘ 

  



мΦ LƴǘǊƻŘǳŎǝƻƴ 

¢Ƙƛǎ ǇǊƻƧŜŎǘ ŀƛƳǎ ǘƻ ŎƻƴŘǳŎǘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ǿŀǘŜǊ ōŀƭŀƴŎŜ ƛƴ ǘƘŜ {ƪŀŘŀǊ 

[ŀƪŜ .ŀǎƛƴ ƻǾŜǊ ŀ ǇŜǊƛƻŘ ƻŦ нл ȅŜŀǊǎΦ .ȅ ƛƳǇƭŜƳŜƴǝƴƎ ŀ ŘŜǘŀƛƭŜŘ ǿŀǘŜǊ ōŀƭŀƴŎŜ ƳƻŘŜƭΣ ǘƘŜ ǇǊƻƧŜŎǘ ǿƛƭƭ 

ŀǎǎŜǎǎ ƘȅŘǊƻƭƻƎƛŎŀƭ ŘȅƴŀƳƛŎǎ ŀŎǊƻǎǎ ŘƛũŜǊŜƴǘ ǎǳōŎŀǘŎƘƳŜƴǘǎ ǿƛǘƘƛƴ ǘƘŜ ōŀǎƛƴΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǿƛƭƭ ƘŜƭǇ 

ƛŘŜƴǝŦȅ ŎǊƛǝŎŀƭ ŀǊŜŀǎ ǿƘŜǊŜ ǿŀǘŜǊǎƘŜŘ ƛƴǎǘŀōƛƭƛǘȅ ƛǎ Ƴƻǎǘ ǇǊƻƴƻǳƴŎŜŘΦ .ŀǎŜŘ ƻƴ ǘƘŜ ŬƴŘƛƴƎǎΣ ǘƘŜ 

ǇǊƻƧŜŎǘ ǿƛƭƭ ŘŜǾŜƭƻǇ ŀƴŘ ǊŜŎƻƳƳŜƴŘ ŀŎǝƻƴŀōƭŜ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ƳƛǝƎŀǘŜ ǘƘŜǎŜ ƛǎǎǳŜǎΣ ǇǊƻƳƻǝƴƎ 

ǎǳǎǘŀƛƴŀōƭŜ ǿŀǘŜǊǎƘŜŘ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ŎƻƴǎŜǊǾŀǝƻƴΦ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘƛǎΣ ǘƘŜ ŜȄǇŜŎǘŜŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ŎŀǘŎƘƳŜƴǘ ǿƛƭƭ ŀƭǎƻ ōŜ ŀƴŀƭȅǎŜŘΦ ¢Ƙƛǎ 

ǿƛƭƭ ōŜ ǳƴŘŜǊǘŀƪŜƴ ǳǎƛƴƎ ǘƘŜ ǊŜǎǳƭǝƴƎ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ ǘƻ ƳƻŘŜƭ ǘƘŜ ŎƻƴŘƛǝƻƴ ƻŦ ǘƘŜ ōŀǎƛƴ ŦǊƻƳ 

нлнл ǘƻ нлрлΦ 

нΦ aŜǘƘƻŘƻƭƻƎȅ 

The Lake Skadar Basin faces increasing pressures on its water resources due to a combination of 

factors including rapid urbanisation, population growth, and the exacerbating impacts of climate 

change. A comprehensive understanding of the basin water balance is essential for effective water 

resource management and sustainable development. This study aims to develop a robust water 

balance model that provides a scientific foundation for informed decision-making. 

 

нΦмΦ Cǳƭƭ ²ŀǘŜǊ .ŀƭŀƴŎŜ hǾŜǊǾƛŜǿ 

This study will adopt an integrated approach to assess the complete water balance of Lake Skadar 

Basin, aiming to provide a comprehensive understanding of the basin's water resources. By simulating 

surface water and groundwater, the methodology will capture the complex interactions between 

these components, considering current climate scenarios.  

нΦмΦмΦ /ƻƴŎŜǇǘǳŀƭ CǊŀƳŜǿƻǊƪ 

The water balance concept is grounded in the principle of mass conservation, which states that the 

change in water storage within a defined system is equal to the difference between water inputs and 

outputs. In this study, the water balance will be assessed for the entire Lake Skadar Basin water 

ǊŜǎƻǳǊŎŜ ǎȅǎǘŜƳΣ ŜƴŎƻƳǇŀǎǎƛƴƎ ǘƘŜ ƭŀƪŜΩǎ ǿŀǘŜǊǎƘŜŘΦ  

нΦмΦнΦ ²ŀǘŜǊ .ŀƭŀƴŎŜ 9ǉǳŀǝƻƴ ŀƴŘ /ƻƳǇƻƴŜƴǘ 5ŜŬƴƛǝƻƴǎ 

The water balance for the Lake Skadar Basin system can be expressed using the following equation: 

P+Qin+Rgw=E+Qout+Egw+Qgw+ɲS 



Where: 

¶ P (Precipitation): This represents the total amount of atmospheric water deposited onto the 

watershed, including rainfall, snow, and other forms of precipitation. It is a primary input to 

the hydrological system and a key driver of surface runoff and groundwater recharge.  

¶ Qin (Water input from other sources): This term accounts for any water entering the system 

from external sources, such as inter-basin transfers or artificial diversions. In the context of 

Lake Skadar Basin, this may include water imported from other watersheds or water released 

from upstream reservoirs. This parameter is important for accounting for man-made changes 

to the natural water system. 

¶ Rgw (Groundwater recharge): This represents the amount of water that infiltrates the soil and 

recharges the groundwater aquifers. It is a critical component of the water balance, as it 

influences groundwater availability and baseflow in streams. Factors affecting groundwater 

recharge include soil type, land cover, and precipitation patterns. 

¶ E (Evapotranspiration): This encompasses the combined processes of evaporation (water loss 

from soil and water surfaces) and transpiration (water loss from vegetation). 

Evapotranspiration rates are influenced by temperature, solar radiation, humidity, and 

vegetation cover. 

¶ Qout (Surface runoff): This represents the water that flows over the land surface and into 

streams, rivers, and other surface water bodies. It is a primary component of the streamflow 

and is influenced by precipitation, land cover, and topography. Surface runoff is how water is 

transported out of the watershed. 

¶ Egw (Groundwater evapotranspiration): This is the water lost from the groundwater system 

through evapotranspiration. It occurs where the water table is shallow enough for plant roots 

to reach it, or for direct evaporation to occur. 

¶ Qgw (Groundwater discharge): This represents the outflow of groundwater from the system, 

including baseflow to streams and groundwater extraction. It is a critical component of 

streamflow during dry periods and is influenced by groundwater levels and aquifer properties. 

¶ ɲ{ ό/ƘŀƴƎŜ ƛƴ ǎǘƻǊŀƎŜύΥ ¢Ƙƛǎ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ǿƛǘƘƛƴ ǘƘŜ ǎȅǎǘŜƳΣ 

including changes in soil moisture, groundwater storage, and surface water storage. It 

accounts for the temporal variability of water availability and is influenced by seasonal and 

long-term climate patterns. This term is important for understanding the overall health of the 

water system. 



Through the quantification of each of these components, the water balance model will provide a 

comprehensive assessment of Lake Skadar Basin's water resources, supporting the development of 

sustainable water management strategies. 

 

нΦнΦ {ƻƊǿŀǊŜ {ŜƭŜŎǝƻƴ 

The selection of appropriate modelling tools is crucial for the success of any water balance study. This 

project suggests the Soil and Water Assessment Tool (SWAT) for hydrological process simulation. The 

rationale behind this selection is rooted in the proven capabilities of this model to address the specific 

challenges and objectives of this study, as well as their widespread acceptance and robust 

documentation. 

Lake Skadar Basin's watershed is characterised by complex topography, diverse land cover, and 

varying climatic conditions. SWAT is designed to handle such complexities by discretising the 

watershed into sub-basins and Hydrological Response Units (HRUs). This spatial disaggregation allows 

for the representation of heterogeneous hydrological processes across the watershed. SWAT excels 

at large scale hydrological modelling, such as the Lake Skadar Basin watershed.  

SWAT's ability to model a wide range of hydrological processes, including surface runoff, groundwater 

recharge, baseflow, and evapotranspiration, is essential for capturing the complete water balance. It 

provides a process-based simulation, allowing for a detailed understanding of the interactions 

between different hydrological components. 

SWAT's open-source nature promotes transparency and accessibility, facilitating model customization 

and adaptation. Its compatibility with GIS tools, such as ArcGIS and QGIS, streamlines data preparation 

and visualisation, allowing for better collaboration, and model sharing. 

 

нΦоΦ {ǳǊŦŀŎŜ ŀƴŘ DǊƻǳƴŘǿŀǘŜǊ ²ŀǘŜǊ .ŀƭŀƴŎŜ  

The primary objective of this section is to develop a robust SWAT model capable of accurately 

simulating surface and groundwater processes within the Lake Skadar Basin watershed. The goal is to 

provide a reliable representation of the hydrological cycle, enabling accurate assessment of water 

availability and its response to climate variability and change. 

нΦоΦмΦ aƻŘŜƭ /ƻƴŬƎǳǊŀǝƻƴ 

In order to configure the SWAT model to represent the water resources and the hydrological cycle in 

Lake Skadar Basin, the following activities will be undertaken: 



1. Watershed Delineation: A high-resolution Digital Elevation Model (DEM) will be used to 

delineate the watershed boundaries. In order to represent the watershed as accurately as 

possible, an assessment of several open-source (and global) DEMs will be undertaken, 

considering the SRTM4, the ASTER5 and the FabDEM6 sources. The DEM will be pre-processed 

to remove sinks and pits, ensuring accurate flow accumulation.  

As noted above, the AoI of the study, and that will be used in SWAT is shown in Error! 

Reference source not found.. In a second stage, the watershed will be divided into sub-

basins based on topographic characteristics, facilitating the representation of spatial 

variability in hydrological processes. A stream network will be generated based on flow 

accumulation thresholds, accurately representing the drainage patterns within the 

watershed. Outlet points will be defined at strategic locations, to facilitate model calibration 

and validation. The size and number of subbasins will be determined based on the size of 

the watershed, the resolution of the DEM, and the location of the gauging stations. 

2. Input Data Preparation: the following data will be required for the implementation of SWAT: 

a. Climate Data: climate data will be one of the key inputs for the modelling. Data from 

meteorological stations within and surrounding the watershed, remote sensing data 

(CHIRPS), and meteorological reanalysis data (ERA5) will be used.  

The variables that will initially be used are:  

- Daily/monthly precipitation 

- Maximum and minimum temperature 

- Solar radiation 

- Relative humidity 

- Wind speed. 

Data quality control, gap filling using statistical methods, spatial interpolation using 

techniques will be undertaken. The SWAT weather generator will also be used to fill 

in missing data, or to create longer time series. 

b. Land Use and Soil Data: Land cover maps from remote sensing imagery, soil maps 

from national or international databases (Soil Grids7) will be used in the SWAT 

modelling. The variables to be used will be the land cover classification, the soil 

                                                           
4 https://www.earthdata.nasa.gov/data/instruments/srtm 

5 https://catalog.data.gov/dataset/aster-global-dem 

6 https://data.bris.ac.uk/data/dataset/s5hqmjcdj8yo2ibzi9b4ew3sn 

7 https://soilgrids.org/ 



texture, hydraulic conductivity, the bulk density, and the organic carbon content. The 

data will be reclassified to SWAT categories. 

 

нΦоΦнΦ IȅŘǊƻƭƻƎƛŎŀƭ {ƛƳǳƭŀǝƻƴ 

The hydrological simulation in SWAT will consider the following:  

1. Surface Runoff Calculation: initially the SCS Curve Number method will be used to estimate 

surface runoff, considering land use, soil type, and antecedent moisture conditions. The main 

parameter to consider in this parametrisation and during the calibration will be the Curve 

Number (CN2), to be calibrated with the existing streamflow data. It should be added that 

most studies find this parameter the most sensitive within SWAT implementations. 

2. Groundwater Recharge Estimation: Groundwater recharge will be estimated through 

percolation processes, considering soil hydraulic properties and water balance calculations. In 

order to address this, the baseflow will be separated from streamflow using digital filtering 

techniques, providing an estimate of groundwater contribution to streamflow, and SWAT will 

be calibrated, mainly considering the ALPHA_BF parameter. 

 

нΦоΦоΦ /ŀƭƛōǊŀǝƻƴ ŀƴŘ ±ŀƭƛŘŀǝƻƴ 

During the calibration of the SWAT model, model parameters will be adjusted iteratively to match 

simulated streamflow and groundwater recharge with observed data. Also, as noted above, a 

Sensitivity analysis will be conducted to identify key parameters, and calibration will be performed 

using automated calibration tools (e.g., SWAT-CUP).  

Regarding the validation, simulated outputs will be compared with independent data, such as 

groundwater levels and streamflow data from a different time period. 

Considering the existing data at the moment of submitting this report, the following calibration and 

validation periods are proposed:  

¶ Calibration: from 1970 to 2000 

¶ Validation: from 2000 to 2005.  

It should be noted that it would be desirable that more (and recent) data is acquired, in order to 

undertake the calibration for a longer and more recent period.  

In order to undertake the calibration and validation, the Nash-Sutcliffe Efficiency (NSE), Root Mean 

Square Error (RMSE), and Coefficient of Determination (R²) will be used. 

The following outputs are expected based on the calibrated and validated model: 



a. Streamflow at sub-basin outlets. 

b. Groundwater recharge rates. 

c. Evapotranspiration rates. 

d. Baseflow contributions. 

e. Soil moisture content. 

 

нΦоΦпΦ .ŀǎŜƭƛƴŜ {ŎŜƴŀǊƛƻǎ 

¢ƘŜ ŎŀƭƛōǊŀǘŜŘ ƳƻŘŜƭ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ōŀǎŜƭƛƴŜ ǎƛǘǳŀǝƻƴΣ ŦǊƻƳ нллр ǘƻ нлнлΦ ²ƘƛƭŜ ǘƘŜ 

ƳƻŘŜƭ ǿŀǎ ŎŀƭƛōǊŀǘŜŘ ŦƻǊ ǘƘŜ мфтл ǘƻ нллл ǇŜǊƛƻŘ ŀƴŘ ǾŀƭƛŘŀǘŜŘ ŦǊƻƳ нллл ǘƻ нллрΣ ǘƘŜ ǊŜǎǳƭǝƴƎ 

ƳƻŘŜƭ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ {ƪŀŘŀǊ [ŀƪŜ .ŀǎƛƴ ŦǊƻƳ нллр ǘƻ нлнлΦ  

 

нΦоΦрΦ /ƭƛƳŀǘŜ /ƘŀƴƎŜ {ŎŜƴŀǊƛƻǎ 

As noted above, in addition to the baseline assessment, for the period from 2005 to 2020, the model 

will be used to assess climate change conditions. This will be undertaken from the period from 2020 

to 2050, using projection data for the RCP8.5 scenario.  

нΦпΦ !ǊŜŀ ƻŦ LƴǘŜǊŜǎǘ  

In the Figure 1 below the Area of Interest (AoI) for this study can be observed. This area of interest 

has been selected considering the watershed area as identified by the DEM, and also considering the 

hydrological features and the hydrological modelling implementation.  

 



 

Figure 1. Area of Interest (AoI) 

 

нΦрΦ !ǎǎŜǎǎƳŜƴǘ  

¢ƘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ǿƛƭƭ ōŜ ŘƻƴŜ ƛƴ ǎŜǾŜǊŀƭ ǇƘŀǎŜǎΥ  

нΦрΦмΦ Lƴƛǝŀƭ !ǎǎŜǎǎƳŜƴǘ 

¢ƘŜ ŎŀƭƛōǊŀǘŜŘ {²!¢Ҍ ƳƻŘŜƭ ƻǳǘǇǳǘǎ ǿƛƭƭ ōŜ ǳǎŜŘ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ƪŜȅ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ŀŎǊƻǎǎ ŀƭƭ 

ǎǳōŎŀǘŎƘƳŜƴǘǎΣ ŦƻŎǳǎƛƴƎ ƻƴ ǎǇŀǝŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǾŀǊƛŀōƛƭƛǘȅΦ {ǇŜŎƛŬŎŀƭƭȅΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿƛƭƭ ōŜ 

ŎƻƴǎƛŘŜǊŜŘΥ  

¶ ²ŀǘŜǊ .ŀƭŀƴŎŜ /ƻƳǇƻƴŜƴǘǎΥ ǘƘŜ ŘƛũŜǊŜƴǘ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ǿŀǘŜǊ ōŀƭŀƴŎŜ ǿƛƭƭ ōŜ ŀƴŀƭȅǎŜŘΣ 

ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǇǊŜŎƛǇƛǘŀǝƻƴΣ ǎǳǊŦŀŎŜ ǊǳƴƻũΣ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴΣ ƛƴŬƭǘǊŀǝƻƴΣ ǇŜǊŎƻƭŀǝƻƴΣ 

ƭŀǘŜǊŀƭ ƅƻǿΣ ŀƴŘ ōŀǎŜƅƻǿΦ ! ǎŜŀǎƻƴŀƭ ŀƴŘ ŀƴƴǳŀƭ ǘǊŜƴŘ ŀǎǎŜǎǎƳŜƴǘ ǿƛƭƭ ōŜ ǳƴŘŜǊǘŀƪŜƴ ǘƻ 

ƛŘŜƴǝŦȅ ǎƘƛƊǎ ƻǊ ŀƴƻƳŀƭƛŜǎΦ 

¶ Cƭƻǿ wŜƎƛƳŜǎ ŀƴŘ 5ƛǎŎƘŀǊƎŜΥ ǎǘǊŜŀƳƅƻǿ ŀǘ ƪŜȅ ƎŀǳƎŜ ǎǘŀǝƻƴǎ όŜǎǇŜŎƛŀƭƭȅ ƴŜŀǊ ǊƛǾŜǊ ƛƴƅƻǿǎ 

ǘƻ {ƪŀŘŀǊ [ŀƪŜύ ǿƛƭƭ ōŜ ŀƴŀƭȅǎŜŘ ǘƻ ŘŜǘŜŎǘ ƅƻǿ ǾŀǊƛŀōƛƭƛǘȅΣ ōŀǎŜƅƻǿ ŎƻƴǘǊƛōǳǝƻƴǎΣ ŀƴŘ 

ǇƻǘŜƴǝŀƭ ŘǊƻǳƎƘǘ ƻǊ ƅƻƻŘπǇǊƻƴŜ ǎǳōπōŀǎƛƴǎΦ 

 



¢Ƙƛǎ ŀǎǎŜǎǎƳŜƴǘ ǘƻ ǇǊƻǾƛŘŜ ƛƴƛǝŀƭ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ǿŀǘŜǊ ōŀƭŀƴŎŜ ƛƴ ǘƘŜ ŎŀǘŎƘƳŜƴǘΦ ¢Ƙƛǎ ǿƛƭƭ ōŜ 

ǳƴŘŜǊǘŀƪŜƴ ŦƻǊ ǘƘǊŜŜ ǇŜǊƛƻŘǎΥ  

π /ŀƭƛōǊŀǝƻƴ ŀƴŘ ǾŀƭƛŘŀǝƻƴ ǇŜǊƛƻŘΥ мфтлπнллр 

π .ŀǎŜƭƛƴŜ ǇŜǊƛƻŘΥ нллрπнлнл 

π /ƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇŜǊƛƻŘΥ нлнлπнлрл 

 

нΦрΦнΦ LŘŜƴǝŬŎŀǝƻƴ ƻŦ ²ŀǘŜǊǎƘŜŘ LƴǎǘŀōƛƭƛǝŜǎ 

Lƴ ƻǊŘŜǊ ǘƻ ƛŘŜƴǝŦȅ ǎƻƳŜ ƛƴǎǘŀōƛƭƛǝŜǎ ƛƴ ŘƛũŜǊŜƴǘ ǎǳōŎŀǘŎƘƳŜƴǘǎΣ ǎǳŎƘ ŀǎ ŜǊƻǎƛƻƴΣ ŘŜƎǊŀŘŀǝƻƴΣ ƻǊ 

ƅŀǎƘ ƅƻƻŘǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿƛƭƭ ōŜ ŜǾŀƭǳŀǘŜŘΥ 

¶ {ŜŘƛƳŜƴǘ ¸ƛŜƭŘΥ ǘƘŜ ǎŜŘƛƳŜƴǘ ƻǳǘǇǳǘǎ ȅƛŜƭŘŜŘ ōȅ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ ǿƛƭƭ ōŜ ŀƴŀƭȅǎŜŘ 

ǘƻ ƛŘŜƴǝŦȅ ƘƻǘǎǇƻǘǎ ƻŦ ǎƻƛƭ ŜǊƻǎƛƻƴΦ 

¶ [ŀƴŘ ¦ǎŜ /ƘŀƴƎŜ {ŜƴǎƛǝǾƛǘȅΥ ǘƘŜ ƭŀƴŘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ ƘƛƎƘ ǎǳǊŦŀŎŜ Ǌǳƴƻũ ƻǊ 

ŜǊƻǎƛƻƴ όŜΦƎΦΣ ōŀǊŜ ƭŀƴŘǎΣ ǎǘŜŜǇ ŀƎǊƛŎǳƭǘǳǊŜύ ǿƛƭƭ ōŜ ŀƴŀƭȅǎŜŘΦ 

¶ wǳƴƻũ /ƻŜŶŎƛŜƴǘ ŀƴŘ CƭŀǎƘƛƴŜǎǎΥ ǘƘŜ ǊǳƴƻũπǘƻπǇǊŜŎƛǇƛǘŀǝƻƴ Ǌŀǝƻǎ ŀƴŘ ƘƛƎƘ ŜǾŜƴǘπōŀǎŜŘ 

ƅƻǿ ǾŀǊƛŀōƛƭƛǘȅ ǿƛƭƭ ōŜ ŎŀƭŎǳƭŀǘŜŘ ǇŜǊ ǎǳōŎŀǘŎƘƳŜƴǘ ƛƴ ƻǊŘŜǊ ǘƻ ƛŘŜƴǝŦȅ ŀǊŜŀǎ ǿƛǘƘ ǊŜŘǳŎŜŘ 

ƛƴŬƭǘǊŀǝƻƴ ŀƴŘ ƅŀǎƘ ƅƻƻŘ ǊƛǎƪΦ 

 

оΦ {²!¢ aƻŘŜƭƭƛƴƎ LƳǇƭŜƳŜƴǘŀǝƻƴ 

¢ƘŜ {²!¢ ƳƻŘŜƭƭƛƴƎ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ǿƛƭƭ ŀƴŀƭȅǎŜ ǘƘŜ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ ǘƘŜ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ 

ǳǇǎǘǊŜŀƳ ƻŦ 5ǳǎƘŀƴōŜΣ ŎƻƴǎƛŘŜǊƛƴƎ ōƻǘƘ ǘƘŜ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŀƴŘ ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΣ ŀǎ ǿŜƭƭ 

ŀǎ ǘƘŜƛǊ ƛƴǘŜǊŀŎǝƻƴǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴΦ 

оΦмΦ {²!¢ 5ŀǘŀ LƴǇǳǘǎ 

оΦмΦмΦ 59a ǇǊƻŎŜǎǎƛƴƎ 

hƴŜ ƻŦ ǘƘŜ ŬǊǎǘ ǎǘŜǇǎ ƛƴ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜ {²!¢ ƳƻŘŜƭ ŦƻǊ 5ǳǎƘŀƴōŜ ǿƻǳƭŘ ōŜ ǘƘŜ ǎŜƭŜŎǝƻƴ 

ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ƻŦ ǘƘŜ 59a ό5ƛƎƛǘŀƭ 9ƭŜǾŀǝƻƴ aƻŘŜƭύΦ ¢ƘŜ 59a ǿƛƭƭ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǘƻǇƻƎǊŀǇƘƛŎŀƭ 

ŦŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ŎŀǘŎƘƳŜƴǘΣ ŀǎ ǿŜƭƭ ŀǎ ōŜƛƴƎ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǘƘŜ ǎǳōŎŀǘŎƘƳŜƴǘ ŘŜƭƛƴŜŀǝƻƴ ŀƴŘ ǘƘŜ 

ŎŀƭŎǳƭŀǝƻƴ ƻŦ ǘƘŜ ǎǘǊŜŀƳ ƴŜǘǿƻǊƪΦ 



¢ƘǊŜŜ ŘƛũŜǊŜƴǘ 59a ƘŀǾŜ ōŜŜƴ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǘƘŜ ƳƻŘŜƭƭƛƴƎΣ ƴŀƳŜƭȅ ǘƘŜ {w¢a8Σ ǘƘŜ !{¢9w9 ŀƴŘ ǘƘŜ 

Cŀō59a10 59aǎΦ Lƴ ƻǊŘŜǊ ǘƻ ǎŜƭŜŎǘ ǘƘŜ Ƴƻǎǘ ŀǇǇǊƻǇǊƛŀǘŜ 59a ŀǎ ŀǎǎŜǎǎƳŜƴǘ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ƻŦ 

ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜǎŜ ǘƘǊŜŜ ǎƻǳǊŎŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ŀ ŎƻƳǇŀǊƛǎƻƴ ŀƳƻƴƎ ǘƘŜ ǘƘǊŜŜ ƻǇǝƻƴǎΦ  

CŜŀǘǳǊŜǎ ƻŦ ǘƘŜ ǘƘǊŜŜ 59aǎ ŀǊŜ ƻǳǘƭƛƴŜŘ ōŜƭƻǿΥ  

π !{¢9w ό!ŘǾŀƴŎŜŘ {ǇŀŎŜōƻǊƴŜ ¢ƘŜǊƳŀƭ 9Ƴƛǎǎƛƻƴ ŀƴŘ wŜƅŜŎǝƻƴ wŀŘƛƻƳŜǘŜǊύΥ  

¶ 5ŜǊƛǾŜŘ ŦǊƻƳ ǎǘŜǊŜƻπǇŀƛǊ ƛƳŀƎŜǎΦ 

¶ Dƭƻōŀƭ ŎƻǾŜǊŀƎŜΦ 

¶ wŜǎƻƭǳǝƻƴΥ ол ƳŜǘŜǊǎΦ 

¶ tƻǘŜƴǝŀƭ ƛǎǎǳŜǎΥ /ƭƻǳŘ ŎƻǾŜǊ ƛƴǘŜǊŦŜǊŜƴŎŜΣ ŀǊǝŦŀŎǘǎ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ƭƻǿ ǘŜȄǘǳǊŜΣ ŀƴŘ ƭƻǿŜǊ 

ŀŎŎǳǊŀŎȅ ƛƴ ǎǘŜŜǇ ǘŜǊǊŀƛƴΦ 

π {w¢a ό{ƘǳǧƭŜ wŀŘŀǊ ¢ƻǇƻƎǊŀǇƘȅ aƛǎǎƛƻƴύΥ  

¶ 5ŜǊƛǾŜŘ ŦǊƻƳ ǊŀŘŀǊ ƛƴǘŜǊŦŜǊƻƳŜǘǊȅΦ 

¶ Dƭƻōŀƭ ŎƻǾŜǊŀƎŜΦ 

¶ wŜǎƻƭǳǝƻƴΥ ол ƳŜǘŜǊǎ όƻǊƛƎƛƴŀƭƭȅ фл ƳŜǘŜǊǎΣ ōǳǘ ƻƊŜƴ ǊŜŬƴŜŘύΦ 

¶ tƻǘŜƴǝŀƭ ƛǎǎǳŜǎΥ ±ƻƛŘǎ όŜǎǇŜŎƛŀƭƭȅ ƛƴ Ƴƻǳƴǘŀƛƴƻǳǎ ǊŜƎƛƻƴǎύΣ ǊŀŘŀǊ ŀǊǝŦŀŎǘǎΣ ŀƴŘ ƭƻǿŜǊ ŀŎŎǳǊŀŎȅ 

ƛƴ ƘŜŀǾƛƭȅ ǾŜƎŜǘŀǘŜŘ ŀǊŜŀǎΦ 

π Cŀō59aΥ  

¶ !LπŜƴƘŀƴŎŜŘ {w¢aΦ 

¶ Dƭƻōŀƭ ŎƻǾŜǊŀƎŜΦ 

¶ wŜǎƻƭǳǝƻƴΥ ǎƛƳƛƭŀǊ ǘƻ {w¢aΣ ол ƳŜǘŜǊǎΦ 

¶ tƻǘŜƴǝŀƭ ƛǎǎǳŜǎΥ ²ƘƛƭŜ ƛǘ ƛƳǇǊƻǾŜǎ ƻƴ {w¢aΣ ƛǘ ǎǝƭƭ ǊŜƭƛŜǎ ƻƴ ǘƘŜ ƻǊƛƎƛƴŀƭ {w¢a ŘŀǘŀΣ ǎƻ ƛǘ ƳƛƎƘǘ 

ƛƴƘŜǊƛǘ ǎƻƳŜ ƻŦ ƛǘǎ ƭƛƳƛǘŀǝƻƴǎΦ ¢ƘŜ !L ŜƴƘŀƴŎŜƳŜƴǘ Ƴŀȅ ƛƴǘǊƻŘǳŎŜ ƴŜǿ ŜǊǊƻǊǎΣ ŀƴŘ ǘƘŜ ŘŜƎǊŜŜ 

ƻŦ ƛƳǇǊƻǾŜƳŜƴǘ ǾŀǊƛŜǎ ƎŜƻƎǊŀǇƘƛŎŀƭƭȅΦ 

                                                           
8 https://www.earthdata.nasa.gov/data/instruments/srtm 

9 https://catalog.data.gov/dataset/aster-global-dem 

10 https://data.bris.ac.uk/data/dataset/s5hqmjcdj8yo2ibzi9b4ew3sn 



Lƴ ƻǊŘŜǊ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ǘƘǊŜŜ 59aǎΣ ǇǊƻŬƭŜǎ ƘŀǾŜ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ƛƴ ƪŜȅ ƭƻŎŀǝƻƴǎ ƛƴ ǘƘŜ 

ŎŀǘŎƘƳŜƴǘ ŀǊŜŀΣ ŜǎǇŜŎƛŀƭƭȅ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǊƛǾŜǊ ǇǊƻŬƭŜǎ ŀƴŘ ǘŀƪƛƴƎ ŎǊƻǎǎπǎŜŎǝƻƴǎ ƻŦ Ƴŀƛƴ ǊƛǾŜǊǎΦ 

!ƊŜǊ ǘƘƛǎ ŀǎǎŜǎǎƳŜƴǘΣ ƛǘ ǿŀǎ ŜǾƛŘŜƴǘ ǘƘŀǘ Cŀō59a ǇǊŜǎŜƴǘǎ ƳƻǊŜ ǊŜŬƴŜŘ ǇǊƻŬƭŜǎΣ ŜǎǇŜŎƛŀƭƭȅ 

ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ǇǊƻŬƭŜ ƻŦ ǘƘŜ ǊƛǾŜǊΦ Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘƛǎΣ ŎƻƳǇŀǊƛǎƻƴǎ ƘŀǾŜ ōŜŜƴ 

ǳƴŘŜǊǘŀƪŜƴ ōŀǎƛƴπǿƛŘŜΣ ǿƛǘƘ ŜŀŎƘ ƻŦ ǘƘŜ 59aǎΣ ŀƴŘ ŀƎŀƛƴ ǘƘŜ Cŀō59a ǇǊŜǎŜƴǘŜŘ ŀ ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ 

ǘƻǇƻƎǊŀǇƘȅ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ !{¢9w ŀƴŘ ǘƘŜ {w¢a 59aǎΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘƛǎ Ƙŀǎ ōŜŜƴ ǘƘŜ 59a 

ǎŜƭŜŎǘŜŘ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΦ  

оΦмΦнΦ /ƭƛƳŀǘŜ Řŀǘŀ 

/ƭƛƳŀǘŜ Řŀǘŀ ǿŀǎ ŀŎǉǳƛǊŜŘ ŦǊƻƳ Ǝƭƻōŀƭ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ǘƘŜ {²!t ƳƻŘŜƭΣ ǳǎƛƴƎ 

ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ŦƻǊ  

π 5ŀƛƭȅκƳƻƴǘƘƭȅ ǇǊŜŎƛǇƛǘŀǝƻƴ 

π aŀȄƛƳǳƳ ŀƴŘ ƳƛƴƛƳǳƳ Řŀƛƭȅ ǘŜƳǇŜǊŀǘǳǊŜ 

π {ƻƭŀǊ ǊŀŘƛŀǝƻƴ 

π wŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ 

π ²ƛƴŘ ǎǇŜŜŘΦ 

¢Ƙƛǎ ƛƴŦƻǊƳŀǝƻƴ ǿŀǎ ŎǊŜŀǘŜŘ ƛƴ ǾƛǊǘǳŀƭ ǿŜŀǘƘŜǊ ǎǘŀǝƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ōŀǎƛƴΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŎƻƻǊŘƛƴŀǘŜǎ 

ƎƛǾŜƴ ōŜƭƻǿ ƛƴ ¢ŀōƭŜ мΦ  

¢ŀōƭŜ мΦ ±ƛǊǘǳŀƭ ǿŜŀǘƘŜǊ ǎǘŀǝƻƴǎ 

ID Latitude (degrees) Longitude (degrees) 

1 41.68 18.75 

2 41.68 19.06 

3 41.68 19.38 

4 41.68 19.69 

5 41.68 20 

6 41.99 18.44 

7 41.99 18.75 

8 41.99 19.06 

9 41.99 19.38 

10 41.99 19.69 

11 41.99 20 

12 42.31 18.44 

13 42.31 18.75 



14 42.31 19.06 

15 42.31 19.38 

16 42.31 19.69 

17 42.31 20 

18 42.62 18.44 

19 42.62 18.75 

20 42.62 19.06 

21 42.62 19.38 

22 42.62 19.69 

23 42.62 20 

24 42.93 18.44 

25 42.93 18.75 

26 42.93 19.06 

27 42.93 19.38 

28 42.93 19.69 

29 42.93 20 

30 43.24 18.44 

31 43.24 18.75 

32 43.24 19.06 

33 43.24 19.38 

34 43.24 19.69 

35 43.24 20 

 

оΦмΦоΦ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 5ŀǘŀ 

¢ƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ Řŀǘŀ ǿŀǎ ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ ǘƘŜ hǇŜƴπaŜǘŜƻ ŀǇǇƭƛŎŀǝƻƴΣ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎƭƛƳŀǘŜ 

ŎƘŀƴƎŜ ǇǊƻƧŜŎǝƻƴǎΥ  

 

Climate Model Origin Run by 
Resoluti
on 

CMCC-CM2-
VHR4 Italy 

Fondazione Centro Euro-Mediterraneo sui 
Cambiamenti Climatici, Lecce (CMCC) 30 km 

FGOALS_f3_H China Chinese Academy of Sciences, Beijing (CAS) 28 km 

HiRAM_SIT_H
R Taiwan 

Research Center for Environmental Changes, 
Academia Sinica, Nankang, Taipei (AS-RCEC) 25 km 

MRI_AGCM3_
2_S Japan 

Meteorological Research Institute, Tsukuba, Ibaraki 
(MRI) 20 km 



EC_Earth3P_H
R Europe 

EC-Earth consortium, Rossby Center, Swedish 
Meteorological and Hydrological Institute/SMHI, 
Norrkoping, Sweden 29 km 

MPI_ESM1_2_
XR 

Germa
ny 

Max Planck Institute for Meteorology, Hamburg 
20146, Germany 51 km 

NICAM16_8S Japan 
Japan Agency for Marine-Earth Science and 
Technology, Kanagawa 236-0001, Japan (MIROC) 31 km 

 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ Řŀǘŀ ǿŀǎ ŀŎǉǳƛǊŜŘΥ  

¶ aŀȄƛƳǳƳ ¢ŜƳǇŜǊŀǘǳǊŜ όн Ƴύ 

¶ aƛƴƛƳǳƳ ¢ŜƳǇŜǊŀǘǳǊŜ όн Ƴύ 

¶ aŜŀƴ ²ƛƴŘ {ǇŜŜŘ όмл Ƴύ 

¶ {ƘƻǊǘǿŀǾŜ wŀŘƛŀǝƻƴ {ǳƳ 

¶ aŜŀƴ wŜƭŀǝǾŜ IǳƳƛŘƛǘȅ όн Ƴύ 

¶ tǊŜŎƛǇƛǘŀǝƻƴ {ǳƳ 

¢ƘŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ ŘƛũŜǊŜƴǘ ŎƭƛƳŀǘŜ ƳƻŘŜƭǎ ǿŀǎ ǇǊƻŎŜǎǎŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƻōǘŀƛƴ ŀƴ ŜƴǎŜƳōƭŜ ŎƭƛƳŀǘŜ 

ǇǊŜŘƛŎǝƻƴ ŦƻǊ ǘƘŜ нлмрπнлрл ǇŜǊƛƻŘ ŦƻǊ ǘƘŜ ƘƛƎƘŜǊ ŜƳƛǎǎƛƻƴ ǎŎŜƴŀǊƛƻ όw/t уΦрύΦ  

 

оΦмΦпΦ [ŀƴŘπǳǎŜκ[ŀƴŘπŎƻǾŜǊ 

[ŀƴŘ ŎƻǾŜǊ ƳŀǇǎ ŦǊƻƳ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ƛƳŀƎŜǊȅ ŦǊƻƳ ƛƴǘŜǊƴŀǝƻƴŀƭ ŘŀǘŀōŀǎŜǎ ό¦{D{ 9wh{ !ǊŎƘƛǾŜ π 

[ŀƴŘ /ƻǾŜǊ tǊƻŘǳŎǘǎ π Dƭƻōŀƭ [ŀƴŘ /ƻǾŜǊ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ όD[//ύ11ύ ǿŀǎ ŀŎǉǳƛǊŜŘ ŦƻǊ ƛǘǎ ǳǎŜ ƛƴ ǘƘŜ 

{²!¢ ƳƻŘŜƭƭƛƴƎΦ  

оΦмΦрΦ {ƻƛƭ 5ŀǘŀ 

{ƻƛƭ ƳŀǇǎ ƛƴǘŜǊƴŀǝƻƴŀƭ ŘŀǘŀōŀǎŜǎ όC!h 5ƛƎƛǘŀƭ {ƻƛƭ aŀǇ ƻŦ ǘƘŜ ²ƻǊƭŘ12ύ ǿŀǎ ŀŎǉǳƛǊŜŘ ŦƻǊ ƛǘǎ ǳǎŜ ƛƴ ǘƘŜ 

{²!¢ ƳƻŘŜƭƭƛƴƎΦ 

оΦмΦсΦ DǊƻǳƴŘǿŀǘŜǊ 5ŀǘŀ 

!ǘ ǘƘŜ ƳƻƳŜƴǘ ƻŦ ǎǳōƳƛǩƴƎ ǘƘƛǎ ǊŜǇƻǊǘΣ ǘƘŜ ƻƴƭȅ ƛƴŦƻǊƳŀǝƻƴ ŀǾŀƛƭŀōƭŜ ǊŜƎŀǊŘƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎ 

ǎƘƻǿƴ ƛƴ  CƛƎǳǊŜ нΣ ŀǎ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘŜ ²ƻǊƭŘǿƛŘŜ IȅŘǊƻƎŜƻƭƻƎƛŎŀƭ aŀǇǇƛƴƎ ŀƴŘ !ǎǎŜǎǎƳŜƴǘ 

tǊƻƎǊŀƳƳŜ13Φ  

                                                           
11 https://www.usgs.gov/centers/eros/science/usgs-eros-archive-land-cover-products-global-land-cover-

characterization-glcc 

12 https://swat.tamu.edu/media/116412/readme.pdf 

13 https://whymap.bgr.de/ 



 

 

CƛƎǳǊŜ нΦ DǊƻǳƴŘǿŀǘŜǊ 

!ǎ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴΣ ƻƴŜ ƳŀƧƻǊ ŀǉǳƛŦŜǊ ƛǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΣ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜŎƘŀǊƎŜ ǊŀǘŜ 

ό¢ŀōƭŜ нύΥ  

¢ŀōƭŜ нΦ !ǉǳƛŦŜǊǎ 

Aquifer Recharge (mm/a) Aquifer Type 

25 Very high (>300) Complex hydrogeological structures 

 

оΦмΦтΦ IȅŘǊƻƭƻƎƛŎŀƭ 5ŀǘŀ 

IȅŘǊƻƭƻƎƛŎŀƭ Řŀǘŀ ǿƛƭƭ ōŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ŎŀƭƛōǊŀǝƻƴ ƻŦ ǘƘŜ {²!¢ ƘȅŘǊƻƭƻƎƛŎŀƭ ƳƻŘŜƭΦ 5ŀǘŀ ŦƻǊ ǘƘŜ 

ŎŀƭƛōǊŀǝƻƴ ǿŀǎ ŀŎǉǳƛǊŜŘ ŦǊƻƳ ǘƘŜ άLƴǎǝǘǳǘŜ ƻŦ IȅŘǊƻƳŜǘŜƻǊƻƭƻƎȅ ŀƴŘ {ŜƛǎƳƻƭƻƎȅέ ǿŜōǎƛǘŜΦ ¢ƘŜǎŜ 

Řŀǘŀ ǿŜǊŜ ǇǊƻŎŜǎǎŜŘ ό¢ŀōƭŜ о ŀƴŘ CƛƎǳǊŜ оύΦ 

¢ŀōƭŜ оΦ IȅŘǊƻƭƻƎƛŎŀƭ ǎǘŀǝƻƴ 5ŀǘŀ 

ID River 

Period 

Start 

Period 

end 

Latitude 

(Ü) Longitude (Ü) 

60132 Susica 1948 2004 42.848 18.922 



60113 Mrtvica 1948 2005 42.719 19.37 

60155 Zeta - Danilovgrad 1948 2001 42.554 19.106 

60135 Zeta - Duklov Most 1955 2005 42.66 19 

60115 Moraca - Pernica 1956 2005 42.713 19.371 

60160 Moraca - Podgorica 1948 2005 42.453 19.262 

60128 Moraca - Zlatica 1983 2005 42.484 19.307 

60058 Rij. Crnojevica 1987 2002 42.356 19.021 

60168 Cijevna 1949 1986 42.395 19.383 

 

 

CƛƎǳǊŜ оΦ IȅŘǊƻƭƻƎƛŎŀƭ {ǘŀǝƻƴǎ 

 

оΦнΦ {²!¢ 5ŀǘŀ tǊƻŎŜǎǎƛƴƎ 

оΦнΦмΦ ²ŀǘŜǊǎƘŜŘ ŀƴŘ {ǳōŎŀǘŎƘƳŜƴǘ 5ŜƭƛƴŜŀǝƻƴ 

¢ƘŜ vDL{ ǇƭǳƎπƛƴ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ ŘŜŬƴŜ ǘƘŜ ǿŀǘŜǊǎƘŜŘ ƻŦ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ŀƴŘ ǘƘŜ ǎǳōŎŀǘŎƘƳŜƴǘǎΣ 

ǳǎƛƴƎ ǘƘŜ Cŀō59aΣ ŀƴŘ ŘŜŬƴƛƴƎ ŀƴ ƻǳǘƭŜǘ ƛƴ ǘƘŜ ƭƻŎŀǝƻƴ ƻŦ ǘƘŜ Ƴƻǎǘ ŘƻǿƴǎǘǊŜŀƳ Ǉƻƛƴǘ ƛƴ ǘƘŜ ŀǊŜŀ 

ƻŦ ƛƴǘŜǊŜǎǘ όŀǎ ǇǊŜǾƛƻǳǎƭȅ ŘŜŬƴŜŘ ƛƴ 5ŜƭƛǾŜǊŀōƭŜ мύΦ ¢ƘŜ ǊŜǎǳƭǝƴƎ ǿŀǘŜǊǎƘŜŘ ŀƴŘ ǎǳōŎŀǘŎƘƳŜƴǘǎ ŀǊŜ 

ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦ  



 

CƛƎǳǊŜ пΦ {ǳōπŎŀǘŎƘƳŜƴǘǎ 

оΦнΦнΦ [ŀƴŘπǳǎŜκ[ŀƴŘπŎƻǾŜǊ 

¢ƘŜ ƭŀƴŘπǳǎŜ Řŀǘŀ Ƙŀǎ ōŜŜƴ ŦǳǊǘƘŜǊ ǇǊƻŎŜǎǎŜŘΣ ƛƴ ƻǊŘŜǊ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ Řŀǘŀ ǳǎŜŘ ƛƴ ǘƘŜ ŘŜŬƴƛǝƻƴ 

ƻŦ ǘƘŜ IȅŘǊƻƭƻƎƛŎ wŜǎǇƻƴǎŜ ¦ƴƛǘǎ όIw¦ǎύ ƛǎ ŀǇǇǊƻǇǊƛŀǘŜΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƭŀƴŘπǳǎŜǎ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǝŬŜŘ 

ƛƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘ ό¢ŀōƭŜ пύΦ  

¢ŀōƭŜ пΦ [ŀƴŘπǳǎŜǎ ŎƻŘŜǎ 

id code land-use 

1 crdy Cropland/Arable Land/Cultivated Land 

2 crwo Forest/Woodland 

3 fodb Floodplain/Wetlands/Water Bodies 

4 migs Pasture/Grassland 

5 urmd Urban/Residential/Developed Areas 

6 wetw Wetlands or Water 

 

¢Ƙƛǎ ƛƴŦƻǊƳŀǝƻƴ Ƙŀǎ ōŜŜƴ ƳŀǇǇŜŘ όCƛƎǳǊŜ рύ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŜŀŎƘ ƻŦ ǘƘŜ ŎŀǘŜƎƻǊȅ Ƙŀǎ ōŜŜƴ 

ŀƴŀƭȅǎŜŘ ό¢ŀōƭŜ рύΦ ¢ƘŜ ƭŀƴŘ ǳǎŜ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ǘƘŜ {ƪŀŘŀǊ [ŀƪŜ .ŀǎƛƴ ǎǳƎƎŜǎǘǎ ŀ ƭŀƴŘǎŎŀǇŜ ǎƛƎƴƛŬŎŀƴǘƭȅ 

ǎƘŀǇŜŘ ōȅ ƘǳƳŀƴ ŀŎǝǾƛǘȅΣ ǇŀǊǝŎǳƭŀǊƭȅ ŀƎǊƛŎǳƭǘǳǊŜ όŎǊŘȅύΣ ǿƘƛŎƘ ŘƻƳƛƴŀǘŜǎ ǘƘŜ ōŀǎƛƴϥǎ ƭŀƴŘ ǳǎŜΦ ¢Ƙƛǎ 

ŜȄǘŜƴǎƛǾŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŜǎŜƴŎŜ ƭƛƪŜƭȅ Ǉƭŀȅǎ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ ǘƘŜ ƭƻŎŀƭ ŜŎƻƴƻƳȅ ōǳǘ ŀƭǎƻ ǇǊŜǎŜƴǘǎ 



ǇƻǘŜƴǝŀƭ ŎƘŀƭƭŜƴƎŜǎ ǊŜƭŀǘŜŘ ǘƻ ƴǳǘǊƛŜƴǘ Ǌǳƴƻũ ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ ƭŀƪŜΦ ¢ƘŜ ǎƛƎƴƛŬŎŀƴǘ ŀǊŜŀ 

ŀǧǊƛōǳǘŜŘ ǘƻ ƅƻƻŘǇƭŀƛƴκǿŜǘƭŀƴŘǎκǿŀǘŜǊ ōƻŘƛŜǎ όŦƻŘōΣ ǿŜǘǿύ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ƭŀƪŜ ŀƴŘ 

ƛǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿŜǘƭŀƴŘ ŜŎƻǎȅǎǘŜƳǎΣ ǿƘƛŎƘ ŀǊŜ ƛƴǘŜǊƴŀǝƻƴŀƭƭȅ ǊŜŎƻƎƴƛǎŜŘ ŦƻǊ ǘƘŜƛǊ ōƛƻŘƛǾŜǊǎƛǘȅΦ ²ƘƛƭŜ 

ŦƻǊŜǎǘκǿƻƻŘƭŀƴŘ όŎǊǿƻύ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǘƘŜ ƴŀǘǳǊŀƭ ŎƻǾŜǊΣ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘ όǳǊƳŘύ ŀǇǇŜŀǊǎ ǘƻ ōŜ 

ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ǊŜƭŀǝǾŜƭȅ ǎƳŀƭƭ ŀǊŜŀǎΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ƭŀǊƎŜπǎŎŀƭŜ ǳǊōŀƴƛȊŀǝƻƴ ƳƛƎƘǘ ƴƻǘ ōŜ ŀǎ 

ǿƛŘŜǎǇǊŜŀŘ ŀǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǇŀǎǘǳǊŜκƎǊŀǎǎƭŀƴŘ όƳƛƎǎύ ŦǳǊǘƘŜǊ ƛƴŘƛŎŀǘŜǎ 

ŘƛǾŜǊǎŜ ƭŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ ǿƛǘƘƛƴ ǘƘŜ ōŀǎƛƴΦ hǾŜǊŀƭƭΣ ǘƘŜ ōŀǎƛƴ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ƳƻǎŀƛŎ ƻŦ 

ŀƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ ƴŀǘǳǊŀƭ ŀǊŜŀǎΣ ǿƛǘƘ ǘƘŜ ƭŀƪŜ ŀƴŘ ƛǘǎ ǿŜǘƭŀƴŘǎ ōŜƛƴƎ ŀ ŎŜƴǘǊŀƭ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭƭȅ Ǿƛǘŀƭ 

ŎƻƳǇƻƴŜƴǘΣ ƴŜŎŜǎǎƛǘŀǝƴƎ ŎŀǊŜŦǳƭ ƳŀƴŀƎŜƳŜƴǘ ǘƻ ōŀƭŀƴŎŜ ƘǳƳŀƴ ŀŎǝǾƛǝŜǎ ǿƛǘƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ǇǊƻǘŜŎǝƻƴΦ CǊƻƳ ŀ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇŜǊǎǇŜŎǝǾŜΣ ǘƘŜ ŘƻƳƛƴŀƴŎŜ ƻŦ ŎǊƻǇƭŀƴŘκŀǊŀōƭŜ ƭŀƴŘ όŎǊŘȅύ ǎǳƎƎŜǎǘǎ ŀ 

ƘƛƎƘ ǇƻǘŜƴǝŀƭ ŦƻǊ ǎǳǊŦŀŎŜ Ǌǳƴƻũ ŀƴŘ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘΣ ŜǎǇŜŎƛŀƭƭȅ ƛŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊŀŎǝŎŜǎ Řƻ ƴƻǘ 

ƛƴŎƻǊǇƻǊŀǘŜ ŎƻƴǎŜǊǾŀǝƻƴ ƳŜŀǎǳǊŜǎΦ ¢ƘŜǎŜ ŀǊŜŀǎ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǘƻ ƴǳǘǊƛŜƴǘ ŀƴŘ ǇŜǎǝŎƛŘŜ 

ƭƻŀŘƛƴƎ ƛƴǘƻ ǘƘŜ ƭŀƪŜΣ ƛƳǇŀŎǝƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅΦ ¢ƘŜ ǎǳōǎǘŀƴǝŀƭ ǇǊŜǎŜƴŎŜ ƻŦ ƅƻƻŘǇƭŀƛƴκǿŜǘƭŀƴŘǎκǿŀǘŜǊ 

ōƻŘƛŜǎ όŦƻŘōΣ ǿŜǘǿύ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ŎǊǳŎƛŀƭ ǊƻƭŜ ǘƘŜǎŜ ŀǊŜŀǎ Ǉƭŀȅ ƛƴ ǘƘŜ ōŀǎƛƴϥǎ ǿŀǘŜǊ ōŀƭŀƴŎŜΤ ǘƘŜȅ ŀŎǘ 

ŀǎ ƴŀǘǳǊŀƭ ǎǇƻƴƎŜǎΣ ŀǧŜƴǳŀǝƴƎ ƅƻƻŘǎΣ ŬƭǘŜǊƛƴƎ ǇƻƭƭǳǘŀƴǘǎΣ ŀƴŘ ǊŜƎǳƭŀǝƴƎ ǎǘǊŜŀƳƅƻǿΦ ¢ƘŜ ǊŜƭŀǝǾŜƭȅ 

ǎƳŀƭƭŜǊ ŀǊŜŀǎ ƻŦ ŦƻǊŜǎǘκǿƻƻŘƭŀƴŘ όŎǊǿƻύ ŀƴŘ ǇŀǎǘǳǊŜκƎǊŀǎǎƭŀƴŘ όƳƛƎǎύΣ ǿƘƛƭŜ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ƛƴŬƭǘǊŀǝƻƴ 

ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜŎƘŀǊƎŜΣ ǿƛƭƭ ƘŀǾŜ ŀ ƭŜǎǎŜǊ ƻǾŜǊŀƭƭ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ōŀǎƛƴϥǎ ƘȅŘǊƻƭƻƎȅ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ 

ƳƻǊŜ ŜȄǘŜƴǎƛǾŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ ǿŜǘƭŀƴŘ ŀǊŜŀǎΦ CƛƴŀƭƭȅΣ ǘƘŜ ƭƛƳƛǘŜŘ ǳǊōŀƴκǊŜǎƛŘŜƴǝŀƭκŘŜǾŜƭƻǇŜŘ ŀǊŜŀǎ 

όǳǊƳŘύ ǎǳƎƎŜǎǘ ǘƘŀǘ ƛƳǇŜǊǾƛƻǳǎ ǎǳǊŦŀŎŜǎΣ ŀ ƳŀƧƻǊ ŎƻƴǘǊƛōǳǘƻǊ ǘƻ ƛƴŎǊŜŀǎŜŘ Ǌǳƴƻũ ŀƴŘ ƅŀǎƘ ƅƻƻŘǎ ƛƴ 

ǳǊōŀƴƛǎŜŘ ŎŀǘŎƘƳŜƴǘǎΣ ŀǊŜ ƴƻǘ ǘƘŜ ǇǊƛƳŀǊȅ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƻƴŎŜǊƴ ŀŎǊƻǎǎ ǘƘŜ ŜƴǝǊŜ ōŀǎƛƴΦ 



 

CƛƎǳǊŜ рΦ [ŀƴŘπǳǎŜǎ 

¢ŀōƭŜ рΦ 5ƛǎǘǊƛōǳǝƻƴ ƻŦ ƭŀƴŘπǳǎŜǎ 

id Category Area (m2) Percetange  

crdy Cropland/Arable Land/Cultivated Land 347905.4 71.7% 

crwo Forest/Woodland 42258.9 8.7% 

fodb Floodplain/Wetlands/Water Bodies 82099.2 16.9% 

migs Pasture/Grassland 3713.1 0.8% 

urmd Urban/Residential/Developed Areas 393.9 0.1% 

wetw Wetlands or Water 9104.7 1.9% 

Total 485475.2 100.0% 

 

оΦнΦоΦ {ƻƛƭ 

¢ƘŜ ǎƻƛƭ Řŀǘŀ Ƙŀǎ ŀƭǎƻ ōŜŜƴ ŀŎǉǳƛǊŜŘ ŀƴŘ ǇǊƻŎŜǎǎŜŘΣ ŀǎ ƛǘ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ƛƴ CƛƎǳǊŜ сΣ ǿƛǘƘ ŦƻǳǊ Ƴŀƛƴ 

ǎƻƛƭ ŎƭŀǎǎŜǎ ǇǊŜǎŜƴǘΣ ǘƘŜ ά9нпπнŎπспфсέ ƛƴ ǘƘŜ ƴƻǊǘƘ ǎƛŘŜ ƻŦ ǘƘŜ ŎŀǘŎƘƳŜƴǘΣ ǘƘŜ ά.Ŏнтπнπоōπспллέ ƛƴ 

ǘƘŜ ŎŜƴǘǊŜΣ ŎƭƻǎŜ ǘƻ ǘƘŜ {ƪŀŘŀǊ [ŀƪŜΣ ǘƘŜ άWŎпфπмπоŀπомофέ ƛƴ ǘƘŜ 9ŀǎǘ ǎŜŎǝƻƴ ƻŦ ǘƘŜ ōŀǎƛƴΣ ŀƴŘ ǘƘŜ άLπ

.Ŏπ[Ŏπнπолусέ ƛƴ ǘƘŜ ²Ŝǎǘ ǎƛŘŜΦ ! ōǊƛŜŦ ŘŜǎŎǊƛǇǝƻƴ ƻŦ ŜŀŎƘ Ŏƭŀǎǎ ŀƴŘ ǘƘŜƛǊ ƘȅŘǊƻƭƻƎƛŎŀƭ ƛƳǇƭƛŎŀǝƻƴǎ 

ŀǊŜ ƻǳǘƭƛƴŜŘ ōŜƭƻǿΥ  



¶ 9нпπнŎ όwŜƴŘȊƛƴŀǎΣ aŜŘƛǳƳ ¢ŜȄǘǳǊŜΣ {ǘŜŜǇ {ƭƻǇŜύΥ ¢ƘŜǎŜ ǎƻƛƭǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ǎƘŀƭƭƻǿ ǿƛǘƘ 

ƭƛƳƛǘŜŘ ǿŀǘŜǊ ǎǘƻǊŀƎŜΦ ²ƘƛƭŜ ǘƘŜȅ Ŏŀƴ ƘŀǾŜ ƳƻŘŜǊŀǘŜ ƛƴŬƭǘǊŀǝƻƴΣ ǘƘŜ ŘƻƳƛƴŀƴǘ ŦŀŎǘƻǊ ƛǎ ǘƘŜ 

ǎǘŜŜǇ ǎƭƻǇŜΣ ƭŜŀŘƛƴƎ ǘƻ ƘƛƎƘ ǎǳǊŦŀŎŜ Ǌǳƴƻũ ǇƻǘŜƴǝŀƭ ŀƴŘ ǎƛƎƴƛŬŎŀƴǘ ŜǊƻǎƛƻƴ Ǌƛǎƪ ŘǳǊƛƴƎ 

ǊŀƛƴŦŀƭƭ ŜǾŜƴǘǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛŦ ǾŜƎŜǘŀǝƻƴ ƛǎ ǎǇŀǊǎŜΦ ¢ƘŜȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŀ ǊŀǇƛŘ ŀƴŘ ϦƅŀǎƘȅϦ 

ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜΦ  

¶ .Ŏнтπнπоō ό/ƘǊƻƳƛŎ /ŀƳōƛǎƻƭǎΣ aŜŘƛǳƳ ¢ŜȄǘǳǊŜΣ wƻƭƭƛƴƎ ǘƻ Iƛƭƭȅ {ƭƻǇŜύΥ DŜƴŜǊŀƭƭȅ ǿŜƭƭπ

ŘǊŀƛƴŜŘ ǿƛǘƘ ƎƻƻŘ ƛƴŬƭǘǊŀǝƻƴ ŀƴŘ ƳƻŘŜǊŀǘŜ ǿŀǘŜǊ ƘƻƭŘƛƴƎ ŎŀǇŀŎƛǘȅΦ ¢ƘŜ ǊƻƭƭƛƴƎπ ǘƻπƘƛƭƭȅ 

ǎƭƻǇŜǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŜƭŜǾŀǘŜŘ ǎǳǊŦŀŎŜ Ǌǳƴƻũ ŀƴŘ ŜǊƻǎƛƻƴ Ǌƛǎƪ ŘǳǊƛƴƎ ƛƴǘŜƴǎŜ ǎǘƻǊƳǎΣ ōǳǘ ƭŜǎǎ 

ǎƻ ǘƘŀƴ ǾŜǊȅ ǎǘŜŜǇ ŀǊŜŀǎΦ ¢ƘŜǎŜ ǎƻƛƭǎ ƻũŜǊ ŀ ƳƻǊŜ ōŀƭŀƴŎŜŘ ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜ ǘƘŀƴ ǘƘŜ 

9нпπнŎΦ  

¶ WŎпфπмπоŀ ό/ŀƭŎŀǊƛŎ CƭǳǾƛǎƻƭǎΣ /ƻŀǊǎŜ ¢ŜȄǘǳǊŜΣ [ŜǾŜƭ ǘƻ DŜƴǘƭȅ ¦ƴŘǳƭŀǝƴƎ {ƭƻǇŜύΥ /ƘŀǊŀŎǘŜǊƛǎŜŘ 

ōȅ ǾŜǊȅ ƘƛƎƘ ƛƴŬƭǘǊŀǝƻƴ ǊŀǘŜǎ ŀƴŘ ƭƻǿ ǿŀǘŜǊ ƘƻƭŘƛƴƎ ŎŀǇŀŎƛǘȅ ŘǳŜ ǘƻ ǘƘŜƛǊ ŎƻŀǊǎŜ ǘŜȄǘǳǊŜ ŀƴŘ 

ƅŀǘ ǘŜǊǊŀƛƴΦ ¢ƘŜȅ ŜȄƘƛōƛǘ ǾŜǊȅ ƭƻǿ ǎǳǊŦŀŎŜ Ǌǳƴƻũ ǇƻǘŜƴǝŀƭ ǳƴŘŜǊ ƴƻǊƳŀƭ ŎƻƴŘƛǝƻƴǎ ŀƴŘ 

ǇǊƻƳƻǘŜ ǊŀǇƛŘ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜŎƘŀǊƎŜΦ ¢ƘŜȅ ŀǊŜ ǎǳǎŎŜǇǝōƭŜ ǘƻ ƛƴǳƴŘŀǝƻƴ ŦǊƻƳ ŜȄǘŜǊƴŀƭ 

ǎƻǳǊŎŜǎ όŜΦƎΦΣ ǊƛǾŜǊ ƅƻƻŘƛƴƎύ ǊŀǘƘŜǊ ǘƘŀƴ ƎŜƴŜǊŀǝƴƎ ǎƛƎƴƛŬŎŀƴǘ Ǌǳƴƻũ ǘƘŜƳǎŜƭǾŜǎΦ 

¶ Lπ.Ŏπ[Ŏπн ό[ƛǘƘƻǎƻƭǎΣ /ƘǊƻƳƛŎ /ŀƳōƛǎƻƭǎΣ [ǳǾƛŎ /ƘŜǊƴƻȊŜƳǎΣ aŜŘƛǳƳ ¢ŜȄǘǳǊŜ π {ƻƛƭ /ƻƳǇƭŜȄύΥ 

¢Ƙƛǎ ŎƻƳǇƭŜȄ ǊŜǇǊŜǎŜƴǘǎ ŀ ƘƛƎƘƭȅ ǾŀǊƛŜŘ ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜƎƛƳŜΦ Lǘ ƛƴŎƭǳŘŜǎ ǾŜǊȅ ǎƘŀƭƭƻǿ ǎƻƛƭǎ 

ό[ƛǘƘƻǎƻƭǎύ ǿƛǘƘ ƘƛƎƘ Ǌǳƴƻũ ǇƻǘŜƴǝŀƭ ŀƴŘ ƳƛƴƛƳŀƭ ǎǘƻǊŀƎŜΣ ŀƭƻƴƎǎƛŘŜ ǿŜƭƭπŘǊŀƛƴŜŘ ǎƻƛƭǎ ǿƛǘƘ 

ƳƻŘŜǊŀǘŜ ƛƴŬƭǘǊŀǝƻƴ ό/ŀƳōƛǎƻƭǎύΣ ŀƴŘ ŘŜŜǇΣ ƘƛƎƘƭȅ ǇŜǊƳŜŀōƭŜ ǎƻƛƭǎ ǿƛǘƘ ƘƛƎƘ ǿŀǘŜǊ ǎǘƻǊŀƎŜ 

ŎŀǇŀŎƛǘȅ ŀƴŘ ŜȄŎŜƭƭŜƴǘ ƛƴŬƭǘǊŀǝƻƴ ό/ƘŜǊƴƻȊŜƳǎύΦ ¢ƘŜ ƻǾŜǊŀƭƭ ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜ ǿƛƭƭ ōŜ ŀ 

ƳƛȄΣ ƘƛƎƘƭȅ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ǎǇŀǝŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƘŜǎŜ ŎƻƳǇƻƴŜƴǘǎ ǿƛǘƘƛƴ ǘƘŜ ōŀǎƛƴΣ 

ƭŜŀŘƛƴƎ ǘƻ ŘƛǾŜǊǎŜ ǿŀǘŜǊ ƅƻǿ ǇŀǘƘǎ ŀƴŘ ǊŜǘŜƴǝƻƴ ǝƳŜǎΦ 



 

CƛƎǳǊŜ сΦ {ƻƛƭ 5ŀǘŀ 

оΦнΦпΦ {ƴƻǿ 

{ƴƻǿ ƳŜƭǝƴƎ ƛǎ ƛƴŎƭǳŘŜŘ ōȅ ŘŜŦŀǳƭǘ ǿƛǘƘƛƴ ǘƘŜ {²!¢ ŎŀƭŎǳƭŀǝƻƴǎΦ ¢Ƙƛǎ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŜƭŜǾŀǝƻƴ 

ǇǊƻǾƛŘŜŘ ǘƻ ǘƘŜ ƳƻŘŜƭ όŀƴŘ ŀǎǎƛƎƴŜŘ ǘƻ Iw¦ǎύΣ ŀƴŘ ǘƘŜ ŎƭƛƳŀǘŜ ƛƴǇǳǘ όǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ 

ǇǊŜŎƛǇƛǘŀǝƻƴύΣ ŀƴŘ {²!¢ ǿƛƭƭ ŀǳǘƻƳŀǝŎŀƭƭȅ ǎƛƳǳƭŀǘŜ ǎƴƻǿǇŀŎƪ ŀƴŘ ƳŜƭǝƴƎ ǳǎƛƴƎ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ 

ƛƴŘŜȄ όŘŜƎǊŜŜπŘŀȅύ ƳŜǘƘƻŘΦ  

оΦнΦрΦ DǊƻǳƴŘǿŀǘŜǊ 

/ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǾŜǊȅ ƭƛƳƛǘŜŘ Řŀǘŀ ǊŜƎŀǊŘƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊ όƧǳǎǘ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ǊŜŎƘŀǊƎŜ ǊŀǘŜ 

ǿƛǘƘƛƴ ǘƘŜ ōŀǎƛƴύΣ ǘƘŜ ǎŀƳŜ ƎǊƻǳƴŘǿŀǘŜǊ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ŦƻǊ ŀƭƭ ǘƘŜ ǎǳōŎŀǘŎƘƳŜƴǘǎ 

ŀƴŘ Iw¦ǎΦ  

 

 



оΦоΦ {²!¢ tŀǊŀƳŜǘǊƛǎŀǝƻƴ 

оΦоΦмΦ Iw¦ 5ŜŬƴƛǝƻƴ 

¢ƘŜ ŘŜƭƛƴŜŀǝƻƴ ƻŦ IȅŘǊƻƭƻƎƛŎ wŜǎǇƻƴǎŜ ¦ƴƛǘǎ όIw¦ǎύ ǿŀǎ ōŀǎŜŘ ƻƴ ŀ ŎƻƳōƛƴŀǝƻƴ ƻŦ ƭŀƴŘ ǳǎŜΣ ǎƻƛƭΣ 

ŀƴŘ ǎƭƻǇŜ ŘŀǘŀΦ [ŀƴŘ ǳǎŜ ŀƴŘ ǎƻƛƭ ƳŀǇǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ƻŶŎƛŀƭ {²!¢ ŘŀǘŀōŀǎŜΣ ŜƴǎǳǊƛƴƎ 

ŎƻƴǎƛǎǘŜƴŎȅ ǿƛǘƘ ǘƘŜ ƳƻŘŜƭΩǎ ƛƴǘŜǊƴŀƭ ŎƭŀǎǎƛŬŎŀǝƻƴ ǎŎƘŜƳŜǎΦ {ƭƻǇŜ ǿŀǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ŘƛƎƛǘŀƭ 

ŜƭŜǾŀǝƻƴ ƳƻŘŜƭ ό59aύ ŀƴŘ ŎƭŀǎǎƛŬŜŘ ƛƴǘƻ ŦƻǳǊ ǎƭƻǇŜ ōŀƴŘǎΥ ώлςр҈ϐΣ ώрςмр҈ϐΣ ŀƴŘ ώҔмр҈ϐΦ 

¢ƻ ǊŜŘǳŎŜ ŦǊŀƎƳŜƴǘŀǝƻƴ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŎƻƳǇǳǘŀǝƻƴŀƭ ŜŶŎƛŜƴŎȅΣ Iw¦ǎ ǿŜǊŜ ŬƭǘŜǊŜŘ ǳǎƛƴƎ ǘƘǊŜǎƘƻƭŘǎ 

ƻŦ нл҈ ŦƻǊ ƭŀƴŘ ǳǎŜΣ нл҈ ŦƻǊ ǎƻƛƭ ǘȅǇŜΣ ŀƴŘ мр҈ ŦƻǊ ǎƭƻǇŜΦ ¢Ƙƛǎ ŬƭǘŜǊƛƴƎ ŀǇǇǊƻŀŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ǘƻǘŀƭ ƻŦ 

тмо Iw¦ǎ ŘƛǎǘǊƛōǳǘŜŘ ŀŎǊƻǎǎ ǘƘŜ ŘŜƭƛƴŜŀǘŜŘ ǎǳōōŀǎƛƴǎΦ ¢ƘŜǎŜ Iw¦ǎ ǊŜǇǊŜǎŜƴǘ ǳƴƛǉǳŜ ŎƻƳōƛƴŀǝƻƴǎ ƻŦ 

ƭŀƴŘ ŎƻǾŜǊΣ ǎƻƛƭΣ ŀƴŘ ǘƻǇƻƎǊŀǇƘȅ ŀƴŘ ŦƻǊƳ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ǳƴƛǘǎ ŦƻǊ ǎƛƳǳƭŀǝƴƎ Ǌǳƴƻũ ƎŜƴŜǊŀǝƻƴΣ 

ƛƴŬƭǘǊŀǝƻƴΣ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴΣ ŀƴŘ ƻǘƘŜǊ ƘȅŘǊƻƭƻƎƛŎ ǇǊƻŎŜǎǎŜǎΦ 

оΦоΦнΦ tƻǘŜƴǝŀƭ 9ǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ όt9¢ύ 

DƛǾŜƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŬŜƭŘπƳŜŀǎǳǊŜŘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǾŀǊƛŀōƭŜǎ ǎǳŎƘ ŀǎ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ ŀƴŘ ǿƛƴŘ 

ǎǇŜŜŘΣ ǘƘŜ IŀǊƎǊŜŀǾŜǎ ƳŜǘƘƻŘ ǿŀǎ ǎŜƭŜŎǘŜŘ ǘƻ ŜǎǝƳŀǘŜ ǇƻǘŜƴǝŀƭ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ όt9¢ύΦ ¢Ƙƛǎ 

ƳŜǘƘƻŘΣ ǿƘƛŎƘ ǊŜƭƛŜǎ ƻƴ ǘŜƳǇŜǊŀǘǳǊŜ ŜȄǘǊŜƳŜǎ ŀƴŘ ŜȄǘǊŀǘŜǊǊŜǎǘǊƛŀƭ ǊŀŘƛŀǝƻƴΣ ƛǎ ǎǳƛǘŀōƭŜ ŦƻǊ Řŀǘŀπ

ǎǇŀǊǎŜ ŜƴǾƛǊƻƴƳŜƴǘǎ ŀƴŘ ǇŜǊŦƻǊƳǎ ǊŜŀǎƻƴŀōƭȅ ǿŜƭƭ ǳƴŘŜǊ ǎǳŎƘ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ t9¢ ŎŀƭŎǳƭŀǝƻƴ 

ƳŜǘƘƻŘ ǿŀǎ ǎŜǘ ƛƴ ǘƘŜ ōŀǎƛƴ ŎƻƴŬƎǳǊŀǝƻƴ ǿƛǘƘƛƴ {²!¢ 9ŘƛǘƻǊΣ ǳƴŘŜǊ ǘƘŜ ōŀǎƛƴ ŎƻŘŜǎ ǎŜŎǝƻƴΦ 

bƻ ŜȄǘŜǊƴŀƭ t9¢ ǝƳŜ ǎŜǊƛŜǎ ǿŀǎ ƛƴŎƭǳŘŜŘΣ ŀǎ ǘƘŜ ǿŜŀǘƘŜǊ Řŀǘŀ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ƛƴǘŜǊƴŀƭƭȅ ǳǎƛƴƎ ǘƘŜ 

ǿŜŀǘƘŜǊ ƎŜƴŜǊŀǘƻǊΦ ¢ƘŜ IŀǊƎǊŜŀǾŜǎ ƳŜǘƘƻŘ ǿŀǎ ŀǇǇƭƛŜŘ ǳƴƛŦƻǊƳƭȅ ŀŎǊƻǎǎ ǘƘŜ ǿŀǘŜǊǎƘŜŘΦ 

оΦоΦоΦ {ƴƻǿ tǊƻŎŜǎǎŜǎ 

{ƴƻǿƳŜƭǘ ǇǊƻŎŜǎǎŜǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ōȅ ŜƴŀōƭƛƴƎ ǎƴƻǿ ŘȅƴŀƳƛŎǎ ƛƴ ǘƘŜ {²!¢ 

ŎƻƴŬƎǳǊŀǝƻƴΦ 9ƭŜǾŀǝƻƴ ōŀƴŘǎ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ǘƻ ǎǳōōŀǎƛƴǎ ǳǎƛƴƎ ǘƘŜ Cŀō59aΣ ǿƘƛŎƘ ǇǊƻǾƛŘŜŘ 

ǎǳŶŎƛŜƴǘ ǊŜǎƻƭǳǝƻƴ ǘƻ ŎŀǇǘǳǊŜ ŀƭǝǘǳŘƛƴŀƭ ŘƛũŜǊŜƴŎŜǎ ǘƘŀǘ ƛƴƅǳŜƴŎŜ ǎƴƻǿŦŀƭƭ ŀƴŘ ƳŜƭǘ ǊŀǘŜǎΦ ¢ƘŜ 

ǎƴƻǿ ǎƛƳǳƭŀǝƻƴ ǳǎŜŘ ŘŜŦŀǳƭǘ ǘŜƳǇŜǊŀǘǳǊŜ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ǎƴƻǿŦŀƭƭ ŀƴŘ ƳŜƭǘΣ ǿƛǘƘ ŀŘƧǳǎǘƳŜƴǘǎ ƳŀŘŜ 

ŘǳǊƛƴƎ ǘƘŜ ŎŀƭƛōǊŀǝƻƴ ǇǊƻŎŜǎǎ ƛŦ ǊŜǉǳƛǊŜŘΦ 

оΦоΦпΦ /ƭƛƳŀǘŜ CƻǊŎƛƴƎ 

/ƭƛƳŀǘŜ ŦƻǊŎƛƴƎ ŦƻǊ ǘƘŜ ƳƻŘŜƭ ǿŀǎ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ōǳƛƭǘπƛƴ ǿŜŀǘƘŜǊ ƎŜƴŜǊŀǘƻǊ ƛƴ {²!¢ 9ŘƛǘƻǊΣ 

ǎƻǳǊŎƛƴƎ Řŀǘŀ ŦǊƻƳ ǘƘŜ {²!¢нлмн Ǝƭƻōŀƭ ŘŀǘŀōŀǎŜΦ ¢ƘŜ ƎŜƴŜǊŀǘƻǊ ǇǊƻŘǳŎŜŘ Řŀƛƭȅ ǝƳŜ ǎŜǊƛŜǎ ƻŦ 

ǇǊŜŎƛǇƛǘŀǝƻƴΣ ƳƛƴƛƳǳƳ ŀƴŘ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜΣ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴΣ ǿƛƴŘ ǎǇŜŜŘΣ ŀƴŘ ǊŜƭŀǝǾŜ 

ƘǳƳƛŘƛǘȅΦ ¢ƘŜǎŜ ǎȅƴǘƘŜǝŎ ǝƳŜ ǎŜǊƛŜǎ ǿŜǊŜ ǳǎŜŘ ŘǳŜ ǘƻ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ǎǘŀǝƻƴ Řŀǘŀ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ 



¢ƘŜ ǿŜŀǘƘŜǊ ƎŜƴŜǊŀǘƻǊ ŜƴǎǳǊŜǎ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ŀƳƻƴƎ ǾŀǊƛŀōƭŜǎ ŀƴŘ ǊŜƅŜŎǘǎ ƎŜƴŜǊŀƭ ŎƭƛƳŀǝŎ 

ǘǊŜƴŘǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǊŜƎƛƻƴŀƭ ŎƭƛƳŀǘŜ ȊƻƴŜǎ ƛƴ ǘƘŜ {²!¢ Ǝƭƻōŀƭ ŘŀǘŀōŀǎŜΦ IƻǿŜǾŜǊΣ ǊŜŀƭ ǎǘŀǝƻƴ Řŀǘŀ 

ǿƻǳƭŘ ōŜ ǇǊŜŦŜǊǊŜŘ ŦƻǊ ŎŀƭƛōǊŀǝƻƴ ǇǳǊǇƻǎŜǎΣ ŀƴŘ ǘƘŜ Ŏƻƴǎǳƭǘŀƴǘ ƛǎ ǿŀƛǝƴƎ ŦƻǊ ǘƘƛǎ ƛƴŦƻǊƳŀǝƻƴ ǘƻ 

ƛƳǇǊƻǾŜ ǘƘŜ ƳƻŘŜƭ ŎƻƴŬŘŜƴŎŜΦ 

оΦоΦрΦ ¢ƻǇƻƎǊŀǇƘȅ ŀƴŘ /ƘŀƴƴŜƭ 5ŜŬƴƛǝƻƴ 

¢ƻǇƻƎǊŀǇƘƛŎ Řŀǘŀ ǿŜǊŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ Cŀō59a ŘƛƎƛǘŀƭ ŜƭŜǾŀǝƻƴ ƳƻŘŜƭΣ ǿƘƛŎƘ ƻũŜǊǎ ŀ ƘƛƎƘπ

ǊŜǎƻƭǳǝƻƴ ŀƴŘ Ǝƭƻōŀƭƭȅ ŎƻƴǎƛǎǘŜƴǘ ŜƭŜǾŀǝƻƴ ŘŀǘŀǎŜǘΦ ¢ƘŜ 59a ǿŀǎ ǳǎŜŘ ŦƻǊ ǿŀǘŜǊǎƘŜŘ ŀƴŘ ǎǳōōŀǎƛƴ 

ŘŜƭƛƴŜŀǝƻƴΣ ǎǘǊŜŀƳ ƴŜǘǿƻǊƪ ŜȄǘǊŀŎǝƻƴΣ ŀƴŘ ǎƭƻǇŜ ŎŀƭŎǳƭŀǝƻƴΦ 

{ǘǊŜŀƳ ŎƘŀƴƴŜƭǎ ǿŜǊŜ ŀǳǘƻƳŀǝŎŀƭƭȅ ŘŜŬƴŜŘ ŦǊƻƳ ǘƘŜ 59a ǳǎƛƴƎ ǘƘŜ ǘŜǊǊŀƛƴ ǇǊƻŎŜǎǎƛƴƎ ǘƻƻƭǎ ƛƴ 

{²!¢Ҍ 9ŘƛǘƻǊΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƛƴŎƭǳŘŜŘ ŎŀƭŎǳƭŀǝƴƎ ƅƻǿ ŘƛǊŜŎǝƻƴ ŀƴŘ ŀŎŎǳƳǳƭŀǝƻƴΣ ŘŜŬƴƛƴƎ ƻǳǘƭŜǘ 

ǇƻƛƴǘǎΣ ŀƴŘ ŀǎǎƛƎƴƛƴƎ ǎǘǊŜŀƳ ǊŜŀŎƘŜǎ ǘƻ ŜŀŎƘ ǎǳōōŀǎƛƴΦ /ƘŀƴƴŜƭ ƎŜƻƳŜǘǊȅ όŜΦƎΦΣ ƭŜƴƎǘƘΣ ǎƭƻǇŜΣ ŀƴŘ 

ǿƛŘǘƘύ ǿŀǎ ŎƻƳǇǳǘŜŘ ŦǊƻƳ ǘƘŜ 59a ŀƴŘ ǎǘŀƴŘŀǊŘ ŜƳǇƛǊƛŎŀƭ Ŝǉǳŀǝƻƴǎ ŜƳōŜŘŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ƳƻŘŜƭΦ 

оΦоΦсΦ DǊƻǳƴŘǿŀǘŜǊ ŀƴŘ !ǉǳƛŦŜǊ /ƻƴŬƎǳǊŀǝƻƴ 

DǊƻǳƴŘǿŀǘŜǊ ǇǊƻŎŜǎǎŜǎ ǿŜǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ǳǎƛƴƎ ǘƘŜ {²!¢ ŀǉǳƛŦŜǊ ƳƻŘǳƭŜΦ bƻ ŘŜŜǇ ŀǉǳƛŦŜǊ ƅƻǿ ƻǊ 

ƭŀǘŜǊŀƭ ƅƻǿ ōŜǘǿŜŜƴ ŀǉǳƛŦŜǊǎ ǿŀǎ ŜȄǇƭƛŎƛǘƭȅ ǎƛƳǳƭŀǘŜŘΣ ŀƴŘ ƴƻ ƎǊƻǳƴŘǿŀǘŜǊ ǇǳƳǇƛƴƎ ƻǊ ŀōǎǘǊŀŎǝƻƴ 

ǿŀǎ ƛƴŎƭǳŘŜŘ ŘǳŜ ǘƻ ƭŀŎƪ ƻŦ ŘŀǘŀΦ 

 

оΦпΦ {²!¢ /ŀƭƛōǊŀǝƻƴ ŀƴŘ {ŜƴǎƛǝǾƛǘȅ ¢ŜǎǝƴƎ  

 

оΦпΦмΦ Lƴƛǝŀƭ wŜǎǳƭǘǎ ŀƴŘ /ŀƭƛōǊŀǝƻƴ 

¢ƘŜ ƳƻŘŜƭΣ ŀǎ ƴƻǘŜŘΣ ǿŀǎ ŎŀƭƛōǊŀǘŜŘ ŦǊƻƳ мфтл ǘƻ мфффΣ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ǿƘŜƴ ŘƛǎŎƘŀǊƎŜ Řŀǘŀ ŀǊŜ 

ŀǾŀƛƭŀōƭŜ ƛƴ Ƴƻǎǘ ǎǘŀǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ōŀǎƛƴΣ ŀƴŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ Řŀǘŀ ŀǾŀƛƭŀōƛƭƛǘȅ ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅΣ ƴƛƴŜ 

ǎǘŀǝƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ǇǊŜπŘŜŬƴŜŘ ǿŀǘŜǊǎƘŜŘΦ ¢ƘŜ ŎŀƭƛōǊŀǝƻƴ Ǉƻƛƴǘǎ ŀƴŘ ǘƘŜ ƛƴƛǝŀƭ ǊŜǎǳƭǘǎ ŀǊŜ ǎƘƻǿŜŘ 

ōȅ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ Ŏŀƴ ōŜ ŀƴŀƭȅǎŜŘ ƛƴ ¢ŀōƭŜ с ŀƴŘ CƛƎǳǊŜ тΣ ǿƘŜǊŜ ǘƘŜ Ƴŀƛƴ ǿŀǘŜǊŎƻǳǊǎŜǎ 

ŀǊŜ ǎƘƻǿƴΦ  

¢ŀōƭŜ сΦ {ǘŀǝƻƴǎ ǳǎŜŘ ƛƴ /ŀƭƛōǊŀǝƻƴ 

River 
Period 
Start 

Period 
end Latitude Longitude 

SWAT 
Channel 

SUSICA 1948 2004 42.848 18.922 11 

MRTVICA 1948 2005 42.719 19.37 15 

ZETA ï 
DANILOVGRAD 1948 2001 42.554 19.106 37 



MORACA - 
PODGORICA 1948 2005 42.453 19.262 66 

MORACA ï ZLATICA 1983 2005 42.484 19.307 73 

RIJ. CRNOJEVICA 1987 2002 42.356 19.021 119 

CIJEVNA 1949 1986 42.395 19.383 120 

 

 

CƛƎǳǊŜ тΦ /ŀƭƛōǊŀǝƻƴ tƻƛƴǘǎ 

¢ƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘƛǎ ǇŜǊƛƻŘ ƛƴ ǘƘŜ ƴƛƴŜ ŎŀƭƛōǊŀǝƻƴ Ǉƻƛƴǘǎ ŀǊŜ ǎƘƻǿƴ ƛƴ ŬƎǳǊŜǎ ōŜƭƻǿΦ ¢ƘŜǎŜ ǾŀƭǳŜǎ ŀǊŜ 

ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŎŀƭƛōǊŀǝƻƴ ŀǧŜƳǇǘŜŘ ƛƴ ǘƘŜǎŜ ƭƻŎŀǝƻƴǎΣ ŀƴŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ Řŀǘŀ ŀǾŀƛƭŀōƭŜΦ 5ǳǊƛƴƎ 

ǘƘŜ ŎŀƭƛōǊŀǝƻƴ ǇǊƻŎŜǎǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ƘŀǾŜ ōŜŜƴ ŀŘƧǳǎǘŜŘ ό¢ŀōƭŜ тύΥ  

¢ŀōƭŜ тΦ /ŀƭƛōǊŀǝƻƴ tŀǊŀƳŜǘŜǊǎ 

Code Parameters 

Change 

Type Best Fit  

cn2 

 Initial SCS runoff curve number for moisture 

condition II Percent -5.09204 

esco  Soil Evaporation Compensation Factor Replace 0.204152 

epco  Plant Uptake Compensation Factor Percent 0.989025 

canmx  Maximum Canopy Storage Replace 70.36473 

perco  Percolation Coefficient Replace 0.968067 



lat_ttime  Lateral Flow Travel Time Percent 3.170355 

cn3_swf  Soil Water Factor for CN3 Replace 0.94948 

alpha 

 Groundwater alpha factor (baseflow recession 

constant) Replace 0.511838 

flo_min  Minimum Aquifer Storage to Allow Return Flow Percent 11.96441 

revap_co  Groundwater Revap Coefficient Replace 0.033992 

revap_min  Minimum Water Table Depth for Revap Replace 20.40513 

bf_max  Maximum Baseflow Alpha Factor Replace 0.817745 

 

 

CƛƎǳǊŜ уΦ /ŀƭƛōǊŀǝƻƴ ǊŜǎǳƭǘǎ 

 

CƛƎǳǊŜ фΦ /ŀƭƛōǊŀǝƻƴ ǊŜǎǳƭǘǎ 



 

CƛƎǳǊŜ млΦ /ŀƭƛōǊŀǝƻƴ ǊŜǎǳƭǘǎ 

 

 

CƛƎǳǊŜ ммΦ /ŀƭƛōǊŀǝƻƴ ǊŜǎǳƭǘǎ 

 

CƛƎǳǊŜ мнΦ /ŀƭƛōǊŀǝƻƴ ǊŜǎǳƭǘǎ 



 

CƛƎǳǊŜ моΦ /ŀƭƛōǊŀǝƻƴ ǊŜǎǳƭǘǎ 

 

CƛƎǳǊŜ мпΦ /ŀƭƛōǊŀǝƻƴ ǊŜǎǳƭǘǎ 

 

оΦпΦнΦ ±ŀƭƛŘŀǝƻƴ 

¢ƘŜ ǾŀƭƛŘŀǝƻƴ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŬƎǳǊŜǎ ōŜƭƻǿΦ !ǎ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴΣ ǘƘŜǊŜ ƛǎ ŀ ƎƻƻŘ 

ŀƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ƻōǎŜǊǾŀǝƻƴŀƭ Řŀǘŀ ŀƴŘ ǘƘŜ ǎƛƳǳƭŀǘŜŘ ƻƴŜΦ  

 

 



CƛƎǳǊŜ мрΦ ±ŀƭƛŘŀǝƻƴ ǊŜǎǳƭǘǎ 

 

CƛƎǳǊŜ мсΦ ±ŀƭƛŘŀǝƻƴ ǊŜǎǳƭǘǎ 

 

 

CƛƎǳǊŜ мтΦ ±ŀƭƛŘŀǝƻƴ ǊŜǎǳƭǘǎ 

 

CƛƎǳǊŜ муΦ ±ŀƭƛŘŀǝƻƴ ǊŜǎǳƭǘǎ 

 

 



 

 

  



пΦ !ǎǎŜǎǎƳŜƴǘ 

пΦмΦ Lƴƛǝŀƭ !ǎǎŜǎǎƳŜƴǘ 

¢ƘŜ ŎŀƭƛōǊŀǘŜŘ {²!¢Ҍ ƳƻŘŜƭ ƻǳǘǇǳǘǎ ǿŀǎ ǳǎŜŘ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ƪŜȅ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ŀŎǊƻǎǎ ŀƭƭ 

ǎǳōŎŀǘŎƘƳŜƴǘǎΣ ŦƻŎǳǎƛƴƎ ƻƴ ǎǇŀǝŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǾŀǊƛŀōƛƭƛǘȅΦ ¢Ƙƛǎ ŀǎǎŜǎǎƳŜƴǘ ǇǊƻǾƛŘŜǎ ƛƴƛǝŀƭ 

ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ǘƘŜ ǿŀǘŜǊ ōŀƭŀƴŎŜ ƛƴ ǘƘŜ ŎŀǘŎƘƳŜƴǘΣ ŀƴŘ ƛǘ Ƙŀǎ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ŦƻǊ ǘƘǊŜŜ ǇŜǊƛƻŘǎΥ  

π /ŀƭƛōǊŀǝƻƴ ŀƴŘ ǾŀƭƛŘŀǝƻƴ ǇŜǊƛƻŘΥ мфтлπнллр 

π .ŀǎŜƭƛƴŜ ǇŜǊƛƻŘΥ нллрπнлнл 

π /ƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇŜǊƛƻŘΥ нлнлπнлрл 

пΦмΦмΦ ²ŀǘŜǊ .ŀƭŀƴŎŜ /ƻƳǇƻƴŜƴǘǎ 

¢ƘŜ ƎŜƴŜǊŀƭ ǿŀǘŜǊ ōŀƭŀƴŎŜ ǇŀǊŀƳŜǘŜǊǎ ǿŜǊŜ ŀƴŀƭȅǎŜŘΣ ōƻǘƘ ŦǊƻƳ ŀƴ ŀǾŜǊŀƎŜ ǇŜǊǎǇŜŎǝǾŜ ό¢ŀōƭŜ уύΣ 

ŦƻǊ ǘƘŜ ǘƘǊŜŜ Ƴŀƛƴ ǇŜǊƛƻŘǎ ƻǳǘƭƛƴŜŘ ŀōƻǾŜΦ  

¢ŀōƭŜ уΦ !ǾŜǊŀƎŜ ²ŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ²ŀǘŜǊ .ŀƭŀƴŎŜ 

Water Balance  Unit 
Calibration 
(1971-
2005) 

Baseline 
(2006-2020) 

Climate Change 
(2021-2049) 

Precipitation mm   1830 1810 1900.00 

Snowfall mm 481 476 404.00 

Snowmelt mm 470 471 403.00 

Surface Runoff Generated mm 898 876 965.00 

Lateral Flow mm 40 38.9 53.40 

Water Yield mm 938 915 1020.00 

Percolation mm 177 170 227.00 

Evapotranspiration mm 723 725 658.00 

Evaporation from canopy mm 4.42 4.01 8.88 

Plant uptake/transpiration mm 2.71 2.88 2.62 

Soil evaporation mm 716 718 647.00 

Surface Runoff Contribution mm 898 876 965.00 

Initial Soil Water Content mm 322 318 326.00 

Final Soil Water Content mm 319 320 325.00 

Average Soil Water Content mm 251 243 295.00 

Soil Water Content at 300 mm 
depth 

mm 73.5 71.4 91.10 

Initial Snow Water Equivalent mm 0 0 51.90 

Final Snow Water Equivalent mm 0 48.7 0.00 

Snow Water Equivalent mm 23.1 21.3 5.74 

Potential Evapotranspiration mm 876 934 719.00 

Surface Runoff to Channel mm 835 818 896.00 



Surface Runoff to Reservoir mm 63.6 58.7 69.30 

Lateral Flow to Channel mm 39.1 38.1 52.20 

Lateral Flow to Reservoir mm 0.934 0.795 1.15 

Wetland/Pond/Reservoir 
Evaporation 

mm 6.69 7.14 2.91 

Wetland/Pond/Reservoir Overflow mm 32.8 32.1 35.00 

 Wetland/Pond/Reservoir Storage mm 0.663 0.648 0.79 

 

ǘƘŜ ŦƻƭƭƻǿƛƴƎ Ƴŀƛƴ ƻōǎŜǊǾŀǝƻƴǎ ŀƴŘ ǘǊŜƴŘǎ Ŏŀƴ ōŜ ƛŘŜƴǝŬŜŘΥ  

¶ tǊŜŎƛǇƛǘŀǝƻƴΥ ǘƘŜ ƳŜŀƴ ǇǊŜŎƛǇƛǘŀǝƻƴ ǎƘƻǿǎ ŀ ǎƭƛƎƘǘ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ŦǊƻƳ ǘƘŜ /ŀƭƛōǊŀǝƻƴ 

όмуолΦрт ƳƳύ ǘƻ ǘƘŜ .ŀǎŜƭƛƴŜ όмуммΦоо ƳƳύ ŀƴŘ ǘƘŜƴ ŀ ōƛǘ ƳƻǊŜ ǇǊƻƳƛƴŜƴǘƭȅ ƛƴǘƻ ǘƘŜ 

/ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘ όмуслΦон ƳƳύΦ IƻǿŜǾŜǊΣ ǘƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ŦƻǊ ǇǊŜŎƛǇƛǘŀǝƻƴ 

ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘ όомлΦфл ƳƳύ ŎƻƳǇŀǊŜŘ ǘƻ /ŀƭƛōǊŀǝƻƴ 

όмрфΦлл ƳƳύ ŀƴŘ .ŀǎŜƭƛƴŜ όнлоΦрл ƳƳύΣ ǿƘŀǘ ǎǳƎƎŜǎǘǎ ƎǊŜŀǘŜǊ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ŀƴƴǳŀƭ 

ǇǊŜŎƛǇƛǘŀǝƻƴΣ ƛƴŘƛŎŀǝƴƎ ƳƻǊŜ ŜȄǘǊŜƳŜ ǿŜǘ ƻǊ ŘǊȅ ȅŜŀǊǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜΦ 

¶ {ǳǊŦŀŎŜ ²ŀǘŜǊ wǳƴƻũΥ ǎƛƳƛƭŀǊ ǘƻ ǇǊŜŎƛǇƛǘŀǝƻƴΣ ǘƘŜ ƳŜŀƴ ǎǳǊŦŀŎŜ ǿŀǘŜǊ Ǌǳƴƻũ ŀƭǎƻ ǎƘƻǿǎ ŀƴ 

ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ŀŎǊƻǎǎ ǘƘŜ ǇŜǊƛƻŘǎΣ ŦǊƻƳ /ŀƭƛōǊŀǝƻƴ όуфсΦтм ƳƳύ ǘƻ .ŀǎŜƭƛƴŜ όутпΦфо ƳƳύ 

ŀƴŘ ǘƘŜƴ ƴƻǘŀōƭȅ ƘƛƎƘŜǊ ƛƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ όфпсΦлф ƳƳύΦ ¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ŦƻǊ ǎǳǊŦŀŎŜ 

Ǌǳƴƻũ ƛǎ ƘƛƎƘŜǎǘ ƛƴ ǘƘŜ .ŀǎŜƭƛƴŜ ǇŜǊƛƻŘ ŀƴŘ ǎƭƛƎƘǘƭȅ ŘŜŎǊŜŀǎŜǎ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘ 

ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ .ŀǎŜƭƛƴŜΣ ōǳǘ ƛǎ ǎǝƭƭ ƘƛƎƘŜǊ ǘƘŀƴ /ŀƭƛōǊŀǝƻƴΦ 

¶ [ŀǘŜǊŀƭ CƭƻǿǎΥ ǘƘŜǊŜ ƛǎ ŀ ƴƻǝŎŜŀōƭŜ ƛƴŎǊŜŀǎŜ ƛƴ ƳŜŀƴ ƭŀǘŜǊŀƭ ƅƻǿǎ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 

ǇŜǊƛƻŘ όрнΦнф ƳƳύ ŎƻƳǇŀǊŜŘ ǘƻ ōƻǘƘ /ŀƭƛōǊŀǝƻƴ όофΦфл ƳƳύ ŀƴŘ .ŀǎŜƭƛƴŜ όоуΦфо ƳƳύΣ 

ǿƘƛŎƘ ǿŜǊŜ ǉǳƛǘŜ ǎƛƳƛƭŀǊΦ ¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ŦƻǊ ƭŀǘŜǊŀƭ ƅƻǿǎ ŀƭǎƻ ǎƘƻǿǎ ŀ ǎǳōǎǘŀƴǝŀƭ 

ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘ όтΦфс ƳƳύΣ ƛƴŘƛŎŀǝƴƎ ƎǊŜŀǘŜǊ ǾŀǊƛŀōƛƭƛǘȅΦ 

¶ 9ǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴΥ ¢ƘŜ ƳŜŀƴ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘŜŎǊŜŀǎŜǎ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ 

/ƘŀƴƎŜ ǇŜǊƛƻŘ όспрΦмм ƳƳύ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ /ŀƭƛōǊŀǝƻƴ όтнуΦпл ƳƳύ ŀƴŘ .ŀǎŜƭƛƴŜ όтолΦпл 

ƳƳύ ǇŜǊƛƻŘǎΣ ǿƘƛŎƘ ƘŀŘ ǎƛƳƛƭŀǊ ǾŀƭǳŜǎΦ ¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ŦƻǊ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ 

ŘǊŀƳŀǝŎŀƭƭȅ ƛƴŎǊŜŀǎŜǎ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘ όмлтΦун ƳƳύΣ ƛƴŘƛŎŀǝƴƎ ƳǳŎƘ ƘƛƎƘŜǊ 

ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǿŀǘŜǊ ƭƻǎǎ ǘƘǊƻǳƎƘ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ǳƴŘŜǊ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ŎƻƴŘƛǝƻƴǎΦ 

¶ ²ŀǘŜǊ {ǘƻǊŀƎŜ όǎƻƛƭ ǿŀǘŜǊύΥ ǘƘŜ ƳŜŀƴ ŎƘŀƴƎŜ ƛƴ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ǎƘƛƊǎ ŦǊƻƳ ǎƭƛƎƘǘƭȅ ǇƻǎƛǝǾŜ 

ƛƴ /ŀƭƛōǊŀǝƻƴ όлΦор ƳƳύ ŀƴŘ .ŀǎŜƭƛƴŜ όмΦсс ƳƳύ ǘƻ ǎƭƛƎƘǘƭȅ ƴŜƎŀǝǾŜ ƛƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 

όҍлΦмл ƳƳύΦ ²ƘƛƭŜ ǘƘŜ ŀōǎƻƭǳǘŜ ǾŀƭǳŜǎ ŀǊŜ ǎƳŀƭƭΣ ŀ ƴŜƎŀǝǾŜ ƳŜŀƴ ǎǳƎƎŜǎǘǎ ŀ ǎƭƛƎƘǘ ƻǾŜǊŀƭƭ 

ŘŜŎǊŜŀǎŜ ƛƴ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘΣ ǇƻǘŜƴǝŀƭƭȅ ƛƴŘƛŎŀǝƴƎ ŘǊƛŜǊ 

ŎƻƴŘƛǝƻƴǎ ƻǊ ƳƻǊŜ ŜŶŎƛŜƴǘ ǊǳƴƻũΦ ¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ ŦƻǊ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ŎƘŀƴƎŜ 

ŘǊŀǎǝŎŀƭƭȅ ŘŜŎǊŜŀǎŜǎ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘ όтΦуф ƳƳύ ŎƻƳǇŀǊŜŘ ǘƻ /ŀƭƛōǊŀǝƻƴ όнлΦоу 

ƳƳύ ŀƴŘ .ŀǎŜƭƛƴŜ όолΦлм ƳƳύΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ƭŜǎǎ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ŀƴƴǳŀƭ ǎƻƛƭ ǿŀǘŜǊ ŎƘŀƴƎŜ ƛƴ ǘƘŜ 

ŦǳǘǳǊŜΣ ǿƘƛŎƘ ŎƻǳƭŘ ōŜ ŀ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ǊŜŘǳŎŜŘ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘκƻǊ 

ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿŀǘŜǊ ōŀƭŀƴŎŜ ŘȅƴŀƳƛŎǎΦ 

hǾŜǊŀƭƭΣ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ŬƴŘƛƴƎǎ ŀǊŜΥ 

мΦ LƴŎǊŜŀǎŜŘ ±ŀǊƛŀōƛƭƛǘȅ ƛƴ tǊŜŎƛǇƛǘŀǝƻƴ ŀƴŘ 9ǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ƛƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΥ ²ƘƛƭŜ ƳŜŀƴ 

ǇǊŜŎƛǇƛǘŀǝƻƴ ǎƭƛƎƘǘƭȅ ƛƴŎǊŜŀǎŜǎΣ ƛǘǎ ǾŀǊƛŀōƛƭƛǘȅ ƛǎ ƳǳŎƘ ƘƛƎƘŜǊΦ /ƻƴǾŜǊǎŜƭȅΣ ƳŜŀƴ 



ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ŘŜŎǊŜŀǎŜǎΣ ōǳǘ ƛǘǎ ǾŀǊƛŀōƛƭƛǘȅ ƛƴŎǊŜŀǎŜǎ ǎƛƎƴƛŬŎŀƴǘƭȅΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ 

ǇƻǘŜƴǝŀƭƭȅ ƳƻǊŜ ŜǊǊŀǝŎ ǊŀƛƴŦŀƭƭ ǇŀǧŜǊƴǎ ŀƴŘ ƭŜǎǎ ŎƻƴǎƛǎǘŜƴǘ ǿŀǘŜǊ ƭƻǎǎ ŦǊƻƳ ǘƘŜ ōŀǎƛƴΦ 

нΦ {ƭƛƎƘǘƭȅ bŜƎŀǝǾŜ {ƻƛƭ ²ŀǘŜǊ {ǘƻǊŀƎŜ /ƘŀƴƎŜ ƛƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΥ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ŀ ǘǊŜƴŘ ǘƻǿŀǊŘǎ 

ŘǊƛŜǊ ŎƻƴŘƛǝƻƴǎ ƛƴ ǘƘŜ ōŀǎƛƴϥǎ ǎƻƛƭ ǇǊƻŬƭŜ ŀƴƴǳŀƭƭȅΦ 

 

пΦмΦнΦ Cƭƻǿ wŜƎƛƳŜǎ ŀƴŘ 5ƛǎŎƘŀǊƎŜ 

¢ƘŜ ŀƴƴǳŀƭ ŘƛǎŎƘŀǊƎŜ Ƙŀǎ ōŜŜƴ ŀƴŀƭȅǎŜŘ ƛƴ ƪŜȅ ƭƻŎŀǝƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ŎŀǘŎƘƳŜƴǘ όCƛƎǳǊŜ мфύΣ ƛƴ ƻǊŘŜǊ ǘƻ 

ƛŘŜƴǝŬŜŘ ǘǊŜƴŘǎ ƛƴ ǘƘŜ ǘƘǊŜŜ ŀƴŀƭȅǎŜŘ ǇŜǊƛƻŘǎ ό  



 
  

¢ŀōƭŜ фύΣ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ǘƻ ŀǎŎŜǊǘŀƛƴ ǘƘŜ ŘƛǎŎƘŀǊƎŜ ǇŀǧŜǊƴǎ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ 

ŎƻƴŘƛǝƻƴǎΦ  

 

CƛƎǳǊŜ мфΦ Cƭƻǿ ŀƴŀƭȅǎƛǎ ƭƻŎŀǝƻƴǎ 

 

  



¢ŀōƭŜ фΦ 5ƛǎŎƘŀǊƎŜ ǘǊŜƴŘǎ 

Channel River 

Calibration Baseline Climate Change 

Mean 
(Flow) 

Median 
(Flow) 

Std 
Dev 

(Flow) 

Min 
(Flow) 

Max 
(Flow) 

Mean 
(Flow) 

Median 
(Flow) 

Std 
Dev 

(Flow) 

Min 
(Flow) 

Max 
(Flow) 

Mean 
(Flow) 

Median 
(Flow) 

Std 
Dev 

(Flow) 

Min 
(Flow) 

Max 
(Flow) 

6 Susica 8.16 3.61 11.5 0 79.65 15.18 10.24 16.91 0.05 87.97 8.12 3.78 11.56 0 77.29 

37 Zeta 48.82 42.87 38.24 0.39 172.7 55.45 44.5 47.33 0.46 177.5 48.69 40.49 38.57 0.36 174.4 

43 
Moraca - 
Pernica 

7.28 3.12 10.25 0.01 90.6 13.44 8.58 14.84 0.23 64.32 7.32 2.9 10.38 0.02 91.75 

66 
Moraca - 
Podgorica 

103.28 92.87 81.44 0.69 441.1 105.57 91.96 90.6 0.77 358 103.19 91.63 82.06 0.68 453.3 

120 Civejna 10.78 8.04 10.97 0 54.26 10.83 5.43 11.54 0 52.86 10.78 7.86 11.09 0 53.33 

159 
Skadar 
Outflow 

170.92 187.3 148.18 0 662.9 167.44 96.91 149.55 0 569.5 170.64 187.4 147.81 0 663.8 

 

  



Lƴ ǘƘŜ {ǳǎƛŎŀΣ ½Ŝǘŀ ŀƴŘ ǳǇǇŜǊ aƻǊŀŎŀ ǊƛǾŜǊǎΣ ǘƘŜ ƅƻǿǎ ŘǳǊƛƴƎ ǘƘŜ ōŀǎŜƭƛƴŜ ǇŜǊƛƻŘ όнллрπнлнлύ ŀǊŜ 

ƎŜƴŜǊŀƭƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ƛƴ ǘƘŜ ϥ/ŀƭƛōǊŀǝƻƴϥ ŀƴŘ ϥ/ƭƛƳŀǘŜ /ƘŀƴƎŜϥ ǇŜǊƛƻŘǎΣ ǿƘƛƭŜ ƛƴ ǘƘƻǎŜ ǘǿƻ ǇŜǊƛƻŘǎ 

ǘƘŜ ƅƻǿǎ ŀǊŜ ǎƛƳƛƭŀǊΦ  ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ŀ ƴƻǘŀōƭŜ ǊŜŘǳŎǝƻƴ ƛƴ ǊƛǾŜǊ ƅƻǿ ŦǊƻƳ ǘƘŜ ϥ.ŀǎŜƭƛƴŜϥ ǇŜǊƛƻŘ όнллрπ

нлнлύ ǘƻ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ϥ/ƭƛƳŀǘŜ /ƘŀƴƎŜϥ ǇŜǊƛƻŘ όнлнлπƻƴǿŀǊŘύΣ ǿƘƛƭŜ ǘƘŜ ŜŀǊƭƛŜǎǘ ϥ/ŀƭƛōǊŀǝƻƴϥ 

ǇŜǊƛƻŘ όмфтлπнллрύ ŀƭǎƻ ŜȄƘƛōƛǘŜŘ ƭƻǿŜǊ ƅƻǿǎΣ ǇŜǊƘŀǇǎ ǊŜƅŜŎǝƴƎ ŘƛũŜǊŜƴǘ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ƻǊ 

Řŀǘŀ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƛƴ ǘƘŀǘ ƛƴƛǝŀƭ ǇŜǊƛƻŘΦ 

IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ aƻǊŀŎŀ ƭƻǿŜǊ όŀǘ tƻŘƎƻǊƛŎŀύ ŀƴŘ ƛƴ ǘƘŜ wƛǾŜǊ /ƛƧŜƴŀΣ ǘƘŜ ƳŜŀƴ ŀƴŘ ƳŜŘƛŀƴ ƅƻǿǎ 

ŀŎǊƻǎǎ ŀƭƭ ǘƘǊŜŜ ǇŜǊƛƻŘǎ όϥ/ŀƭƛōǊŀǝƻƴϥΣ ϥ.ŀǎŜƭƛƴŜϥΣ ŀƴŘ ϥ/ƭƛƳŀǘŜ /ƘŀƴƎŜϥύ ŀǊŜ ǊŜƭŀǝǾŜƭȅ ŎƻƴǎƛǎǘŜƴǘΣ ǿƛǘƘ 

ƴƻ ƳŀƧƻǊ ǎƘƛƊǎΦ ¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎ ŀǊŜ ŀƭǎƻ ǉǳƛǘŜ ǎƛƳƛƭŀǊΣ ƛƴŘƛŎŀǝƴƎ ŎƻƴǎƛǎǘŜƴǘ ǾŀǊƛŀōƛƭƛǘȅ ŀŎǊƻǎǎ 

ǘƘŜ ǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƘŜǎŜ ŀǊŜŀǎ ŀǊŜ ƭŜǎǎ ǎŜƴǎƛǝǾŜ ǘƻ ǘƘŜ ŎƘŀƴƎŜǎ ƻōǎŜǊǾŜŘ ƛƴ ƻǘƘŜǊ ŀǊŜŀǎΣ 

ǿƘƛŎƘ ŀǊŜ ŦǳǊǘƘŜǊ ǳǇǎǘǊŜŀƳΣ ǿƛǘƘ ŀ ƭŜǎǎŜǊ ŎƻƴǘǊƛōǳǝƴƎ ŀǊŜŀΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ /ƛǾŜƧƴŀ ŀƴŘ ǘƘŜ 

aƻǊŀŎŀ ŀǘ tƻŘƎƻǊƛŎŀ ǊŜƅŜŎǘ ŀ ƅƻǿ ŘȅƴŀƳƛŎǎ ƳƻǊŜ ǎǘŀōƭŜ ŀŎǊƻǎǎ ǘƘŜǎŜ ǇŜǊƛƻŘǎΦ 

Lƴ ǎǳƳƳŀǊȅΣ ²ƘƛƭŜ ƛƴ ǘƘŜ {ǳǎƛŎŀΣ ½Ŝǘŀ ŀƴŘ aƻǊŀŎŀ ǘƘŜǊŜ ƛǎ ŀ ƎŜƴŜǊŀƭ ŘŜŎǊŜŀǎŜ ƛƴ ƅƻǿ ǇǊŜŘƛŎǘŜŘ ƛƴ ǘƘŜ 

ϥ/ƭƛƳŀǘŜ /ƘŀƴƎŜϥ ǇŜǊƛƻŘΣ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ƅƻǿǎ ŦǳǊǘƘŜǊ ŘƻǿƴǎǘǊŜŀƳ ŘŜƳƻƴǎǘǊŀǘŜ ǊŜƭŀǝǾŜ ǎǘŀōƛƭƛǘȅΦ  

 

 

 



 

CƛƎǳǊŜ нлΦ Cƭƻǿ ŀǘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƭƻŎŀǝƻƴǎ 



пΦмΦоΦ [ŀƪŜ ƛƴǇǳǘ 

Lƴ ŀŘŘƛǝƻƴ ǘƻ ǘƘŜ ƅƻǿ ŀǘ ǘƘƻǎŜ ƪŜȅ ƭƻŎŀǝƻƴǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ƭŀǎǘ ǎŜŎǝƻƴΣ ŀƭƭ ǘƘŜ ƛƴƅƻǿǎ ƛƴǘƻ ǘƘŜ 

[ŀƪŜ {ƪŀŘŀǊ ǿŜǊŜ ŀƭǎƻ ŀƴŀƭȅǎŜŘΦ Lƴ Ƴƻǎǘ ŎƘŀƴƴŜƭǎ όƴŀƳŜƭȅ ммуΣ мноΣ момΣ мосΣ мофΣ мпоΣ мпфΣ мрсΣ 

мруΣ мтнΣ мттΣ мумύ ǘƘŜ ƳŜŀƴ ŀƴŘ ƳŜŘƛŀƴ ǊƛǾŜǊ ƅƻǿǎ ŀǊŜ ƘƛƎƘŜǎǘ ƛƴ ǘƘŜ ϥ.ŀǎŜƭƛƴŜϥ ǇŜǊƛƻŘ όнллрπнлнлύ 

ŀƴŘ ƎŜƴŜǊŀƭƭȅ ƭƻǿŜǊ ƛƴ ōƻǘƘ ǘƘŜ ϥ/ŀƭƛōǊŀǝƻƴϥ όмфтлπнллрύ ŀƴŘ ϥ/ƭƛƳŀǘŜ /ƘŀƴƎŜϥ όнлнлπƻƴǿŀǊŘύ 

ǇŜǊƛƻŘǎΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ŀ ŘŜŎƭƛƴŜ ƛƴ ǊƛǾŜǊ ƅƻǿ ŦǊƻƳ ǘƘŜ ōŀǎŜƭƛƴŜ ǇŜǊƛƻŘ ƛƴǘƻ ǘƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇŜǊƛƻŘΦ 

¢ƘŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎ ŀƭǎƻ ǘŜƴŘ ǘƻ ōŜ ƘƛƎƘŜǎǘ ƛƴ ǘƘŜ ōŀǎŜƭƛƴŜ ǇŜǊƛƻŘΣ ƛƴŘƛŎŀǝƴƎ ƎǊŜŀǘŜǊ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ 

ƅƻǿ ŘǳǊƛƴƎ ǘƘŀǘ ǝƳŜΦ {ƻƳŜ ƻǘƘŜǊ ŎƘŀƴƴŜƭǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ aƻǊŀŎŀ wƛǾŜǊ  ό/ƘŀƴƴŜƭ ммпύ ŀƴŘ ŎƘŀƴƴŜƭǎ 

мррΣ мтоΣ мул ǎƘƻǿ ŀ ƳƻǊŜ ǎǘŀōƭŜΣ ǇŀǧŜǊƴΦ IƻǿŜǾŜǊΣ ƛƴ ǘƘŜ aƻǊŀŎŀ ƛƴǇǳǘ ƛƴǘƻ ǘƘŜ [ŀƪŜ {ƪŀŘŀǊ ƛǘ Ŏŀƴ 

ōŜ ƻōǎŜǊǾŜŘ ǘƘŀǘ ǘƘŜ ƳŜŘƛŀƴ ƅƻǿ ƛǎ ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊ ƛƴ ǘƘŜ ϥ/ƭƛƳŀǘŜ /ƘŀƴƎŜϥ ǇŜǊƛƻŘΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ 

ǿƘƛƭŜ ǘƘŜ ƻǾŜǊŀƭƭ ŀǾŜǊŀƎŜ ǊŜƳŀƛƴǎ ŎƻƴǎƛǎǘŜƴǘΣ ǘƘŜ ǘȅǇƛŎŀƭ ƅƻǿ ƳƛƎƘǘ ōŜ ǘǊŜƴŘƛƴƎ ǎƭƛƎƘǘƭȅ ƘƛƎƘŜǊΦ 

Lƴ ǎǳƳƳŀǊȅΣ ǘƘŜ Řŀǘŀ ŦƻǊ {ƪŀŘŀǊ [ŀƪŜ ƛƴǇǳǘ ŎƘŀƴƴŜƭǎ ƭŀǊƎŜƭȅ ƳƛǊǊƻǊǎ ǘƘŜ ǇŀǧŜǊƴ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ŬǊǎǘ 

ǎŜǘ ƻŦ ŎƘŀƴƴŜƭǎΣ ǿƛǘƘ Ƴŀƴȅ ǎƘƻǿƛƴƎ ŀ ŘŜŎǊŜŀǎŜ ƛƴ ǊƛǾŜǊ ƅƻǿ ŦǊƻƳ ǘƘŜ нллрπнлнл ōŀǎŜƭƛƴŜ ǇŜǊƛƻŘ ƛƴǘƻ 

ǘƘŜ нлнлπƻƴǿŀǊŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇŜǊƛƻŘΦ IƻǿŜǾŜǊΣ ǎƻƳŜ ŎƘŀƴƴŜƭǎ όммпΣ мррΣ мтоΣ мулύ ŀǇǇŜŀǊ ƳƻǊŜ 

ǊŜǎƛƭƛŜƴǘ ƻǊ ƘŀǾŜ ŘƛũŜǊŜƴǘ ƘȅŘǊƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜǎΣ ŜȄƘƛōƛǝƴƎ ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ ƅƻǿ ǇŀǧŜǊƴǎ ŀŎǊƻǎǎ ǘƘŜ 

ŀƴŀƭȅǎŜŘ ǇŜǊƛƻŘǎΦ 

 

 

CƛƎǳǊŜ нмΦLƴƅƻǿǎ ƛƴǘƻ [ŀƪŜ {ƪŀŘŀǊ  

 



 

CƛƎǳǊŜ ннΦ 5ƛǎŎƘŀǊƎŜ ǾŀƭǳŜǎ ŀǘ ƛƴƅƻǿ ƭƻŎŀǝƻƴǎ 

 

CƛƎǳǊŜ ноΦ !ƭƭ ƛƴƅƻǿǎ ƛƴǘƻ {ƪŀŘŀǊ ŎƻƳōƛƴŜŘ 

wŜƎŀǊŘƛƴƎ ǘƘŜ ƻǳǜƭƻǿ ŦǊƻƳ ǘƘŜ ƭŀƪŜΣ ǿƘƛƭŜ ǘƘƛǎ ƛǎ ǊŜƎǳƭŀǘŜŘ ǘƘŜ ƅƻǿ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǘƘŜ ƳƻŘŜƭƭƛƴƎ 

όCƛƎǳǊŜ нпύ ŦǊŀƳŜǿƻǊƪ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǘƘŜ ōŀǎƛƴΦ  

 

CƛƎǳǊŜ нпΦ hǳǜƭƻǿ ƻŦ [ŀƪŜ {ƪŀŘŀǊ 

 



!ǎ ƛǘ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ CƛƎǳǊŜ нрΣ ǘƘŜǊŜ ƛǎ ŀ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ƛƴƅƻǿ ŀƴŘ ǘƘŜ ƻǳǜƭƻǿ ƛƴ ǘƘŜ {ƪŀŘŀǊ 

[ŀƪŜΦ ²ƘƛƭŜ ǎƻƳŜǝƳŜǎ ǘƘŜǊŜ ƛǎ ŀ ǇƻǎƛǝǾŜ ŘƛũŜǊŜƴŎŜ όǘƘŜ ƛƴƅƻǿ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ƻǳǜƭƻǿύΣ ƛƴ Ƴƻǎǘ 

ŎŀǎŜǎ ŀƴŘ ƛƴ ǘƻǘŀƭΣ ǘƘŜ ƻǳǜƭƻǿ ƛǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ƛƴƅƻǿΦ  

 

CƛƎǳǊŜ нрΦ 5ƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ƻǳǜƭƻǿ ŀƴŘ ƛƴƅƻǿ 

 

¢Ƙƛǎ ŘƛũŜǊŜƴŎŜ ǿŀǎ ŀƴŀƭȅǎŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭΣ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ ƻǘƘŜǊ ƭŀƪŜ ǾŀǊƛŀōƭŜǎΣ ŀƴŘ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ 

ǇŜǊƛƻŘǎ ƻŦ /ŀƭƛōǊŀǝƻƴ όмфтмπнллрύΣ .ŀǎŜƭƛƴŜ όнллсπнлнлύΣ ŀƴŘ /ƭƛƳŀǘŜ /ƘŀƴƎŜ όнлнмπнлпуύ ŀǎ ƛƴ 

ǇǊŜǾƛƻǳǎ ŀƴŀƭȅǎŜǎΦ ¢ƘŜ Ŧǳƭƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ƭŀƪŜ ŘȅƴŀƳƛŎǎ ŜȄŀƳƛƴŜǎ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ 

ƛƴƅƻǿΣ ƻǳǜƭƻǿΣ ŜǾŀǇƻǊŀǝƻƴΣ ŀƴŘ ƭŀƪŜ ǎǘƻǊŀƎŜΦ 

мΦ bŜǘ {ǳǊŦŀŎŜ ²ŀǘŜǊ .ŀƭŀƴŎŜ όLƴƅƻǿ π hǳǜƭƻǿύΥ ¢ƘŜ ǎƛƳǳƭŀǝƻƴ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ŀ ŎƻƴǎƛǎǘŜƴǘ ƴŜǘ 

ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŘŜŬŎƛǘ ŦƻǊ {ƪŀŘŀǊ [ŀƪŜ ŀŎǊƻǎǎ ŀƭƭ ŀƴŀƭȅǎŜŘ ǇŜǊƛƻŘǎΣ ƳŜŀƴƛƴƎ ŀǎ ǇǊŜǾƛƻǳǎƭȅ ƴƻǘŜŘ ǘƘŀǘ 

ǘƘŜ ǘƻǘŀƭ ŀƴƴǳŀƭ ƻǳǜƭƻǿ ŦǊƻƳ ǘƘŜ ƭŀƪŜ Ǿƛŀ ǎǳǊŦŀŎŜ ŎƘŀƴƴŜƭǎ ƎŜƴŜǊŀƭƭȅ ŜȄŎŜŜŘǎ ǘƘŜ ǘƻǘŀƭ ŀƴƴǳŀƭ 

ǎǳǊŦŀŎŜ ƛƴƅƻǿΦ 

¶ /ŀƭƛōǊŀǝƻƴ tŜǊƛƻŘ όмфтмπнллрύΥ ¢ƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ƴŜǘ ŘŜŬŎƛǘ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

ҍуΦусȄмлтƳоΦ 

¶ .ŀǎŜƭƛƴŜ tŜǊƛƻŘ όнллсπнлнлύΥ ¢ƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ƴŜǘ ŘŜŬŎƛǘ ǎƭƛƎƘǘƭȅ ǊŜŘǳŎŜŘ ǘƻ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

ҍрΦутȄмлтƳоΦ 

¶ /ƭƛƳŀǘŜ /ƘŀƴƎŜ tŜǊƛƻŘ όнлнмπнлпуύΥ ¢ƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ƴŜǘ ŘŜŬŎƛǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ƛƴŎǊŜŀǎŜŘ ǘƻ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ ҍмΦрнȄмлу ƳоΦ 

.ŀǎŜŘ ƻƴ ǘƘƛǎ ǘǊŜƴŘΣ ƳŜŀƴ ŀƴƴǳŀƭ ŘŜŬŎƛǘ όƻǳǜƭƻǿ ŜȄŎŜŜŘƛƴƎ ƛƴƅƻǿύ ōŜŎƻƳŜǎ ƳƻǊŜ ǇǊƻƴƻǳƴŎŜŘ ƛƴ 

ǘƘŜ ǎƛƳǳƭŀǘŜŘ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ŎƻƴŘƛǝƻƴǎΣ ǎǳƎƎŜǎǝƴƎ ŀ ƎǊƻǿƛƴƎ ƛƳōŀƭŀƴŎŜ ǿƘŜǊŜ ǎǳǊŦŀŎŜ ǿŀǘŜǊ 

ŘƛǎŎƘŀǊƎŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǎǳǊǇŀǎǎŜǎ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ƛƴǇǳǘǎΦ hǾŜǊ ǘƘŜ ŜƴǝǊŜ ǎƛƳǳƭŀǘŜŘ ǇŜǊƛƻŘ όŦǊƻƳ мфтм 

ǘƻ нлпуύΣ ǘƘŜ ŎǳƳǳƭŀǝǾŜ ƴŜǘ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŘŜŬŎƛǘ ŀƳƻǳƴǘǎ ǘƻ ŀ ǎǳōǎǘŀƴǝŀƭ ҍуΦнпȄмлфƳо όǘƘŜ 

ŜǉǳƛǾŀƭŜƴǘ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ оΦо Ƴƛƭƭƛƻƴ hƭȅƳǇƛŎ ǎǿƛƳƳƛƴƎ ǇƻƻƭǎύΦ 



нΦ [ŀƪŜ 9ǾŀǇƻǊŀǝƻƴ ¢ǊŜƴŘǎΥ ŎƻƴǘǊŀǊȅ ǘƻ ŜȄǇŜŎǘŜŘ ǘǊŜƴŘǎΣ ǘƘŀǘ ƛƴŎǊŜŀǎƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎ ƳƛƎƘǘ ƭŜŀŘ ǘƻ 

ŀ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ƛƴŎǊŜŀǎŜ ƛƴ ƭŀƪŜ ŜǾŀǇƻǊŀǝƻƴΣ ǘƘŜ {²!¢ ƳƻŘŜƭ ǊŜǎǳƭǘǎ ŦƻǊ {ƪŀŘŀǊ [ŀƪŜϥǎ ŀƴƴǳŀƭ 

ŜǾŀǇƻǊŀǝƻƴ ǎƘƻǿ ŀ ŘƛũŜǊŜƴǘ ǘǊŜƴŘΥ 

¶ /ŀƭƛōǊŀǝƻƴ tŜǊƛƻŘΥ aŜŀƴ ŀƴƴǳŀƭ ŜǾŀǇƻǊŀǝƻƴ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тΦсоȄмлт ƳоΦ 

¶ .ŀǎŜƭƛƴŜ tŜǊƛƻŘΥ aŜŀƴ ŀƴƴǳŀƭ ŜǾŀǇƻǊŀǝƻƴ ǿŀǎ ǎƛƳƛƭŀǊΣ ŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тΦсрǘȄмлт ƳоΦ 

¶ /ƭƛƳŀǘŜ /ƘŀƴƎŜ tŜǊƛƻŘΥ aŜŀƴ ŀƴƴǳŀƭ ŜǾŀǇƻǊŀǝƻƴ ŀŎǘǳŀƭƭȅ ǎƘƻǿǎ ŀ ǎƭƛƎƘǘ ŘŜŎǊŜŀǎŜ ǘƻ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ тΦнуǘȄмлт ƳоΦ 

¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǿƘƛƭŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇǊƻƧŜŎǝƻƴǎ ƻƊŜƴ ƛƴŎƭǳŘŜ ǊƛǎƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ƻǘƘŜǊ ŦŀŎǘƻǊǎ 

ƛƴƅǳŜƴŎƛƴƎ ŜǾŀǇƻǊŀǝƻƴ ƛƴ ǘƘŜ ƳƻŘŜƭ όŜΦƎΦΣ ŎƘŀƴƎŜǎ ƛƴ ǿƛƴŘ ǎǇŜŜŘΣ ƘǳƳƛŘƛǘȅΣ ƻǊ ŜǾŜƴ ǎƛƳǳƭŀǘŜŘ ƭŀƪŜ 

ǎǳǊŦŀŎŜ ŀǊŜŀκǘŜƳǇŜǊŀǘǳǊŜ ŦŜŜŘōŀŎƪύ ƳƛƎƘǘ ōŜ ƭŜŀŘƛƴƎ ǘƻ ǘƘƛǎ ƻōǎŜǊǾŜŘ ǊŜŘǳŎǝƻƴ ƛƴ ƭŀƪŜ ŜǾŀǇƻǊŀǝƻƴΦ 

/ǊǳŎƛŀƭƭȅΣ ǘƘƛǎ ǊŜŘǳŎǝƻƴ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƛƴŎǊŜŀǎŜŘ ŜǾŀǇƻǊŀǝǾŜ ƭƻǎǎŜǎ ŀǊŜ ƴƻǘ ŎƻƴǘǊƛōǳǝƴƎ ǘƻ ǘƘŜ 

ƻōǎŜǊǾŜŘ ƎǊƻǿƛƴƎ ƴŜǘ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŘŜŬŎƛǘΦ 

оΦ [ŀƪŜ {ǘƻǊŀƎŜ 5ȅƴŀƳƛŎǎΥ ¢ƘŜ ŎƘŀƴƎŜ ƛƴ ƭŀƪŜ ǎǘƻǊŀƎŜ όǾƻƭǳƳŜύ ǊŜƅŜŎǘǎ ǘƘŜ ƻǾŜǊŀƭƭ ōŀƭŀƴŎŜ ƻŦ ŀƭƭ 

ƛƴǇǳǘǎ ŀƴŘ ƻǳǘǇǳǘǎΦ ¢ƘŜ ŀƴƴǳŀƭ ŎƘŀƴƎŜǎ ƛƴ ƭŀƪŜ ǎǘƻǊŀƎŜ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ 

¶ /ŀƭƛōǊŀǝƻƴ tŜǊƛƻŘΥ ¢ƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ŎƘŀƴƎŜ ƛƴ ǎǘƻǊŀƎŜ ǿŀǎ ǎƭƛƎƘǘƭȅ ǇƻǎƛǝǾŜΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

нΦфпȄмлр ƳоΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀ ǘƻǘŀƭ ǎǘƻǊŀƎŜ ƛƴŎǊŜŀǎŜ ƻŦ мΦллȄмлтƳо ƻǾŜǊ ǘƘŜ ǇŜǊƛƻŘΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ 

ǘƘŀǘ ŘǳǊƛƴƎ ǘƘƛǎ ǇŜǊƛƻŘΣ ǳƴǉǳŀƴǝŬŜŘ ƛƴǇǳǘǎ ƭƛƪŜ ŘƛǊŜŎǘ ǇǊŜŎƛǇƛǘŀǝƻƴ ƻƴ ǘƘŜ ƭŀƪŜ ǎǳǊŦŀŎŜ ƻǊ 

ƎǊƻǳƴŘǿŀǘŜǊ ƛƴƅƻǿ ǿŜǊŜ ǎǳŶŎƛŜƴǘ ǘƻ ƻũǎŜǘ ǘƘŜ ƻōǎŜǊǾŜŘ ƴŜǘ ǎǳǊŦŀŎŜ ƻǳǜƭƻǿ ŀƴŘ 

ŜǾŀǇƻǊŀǝƻƴΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ǎƭƛƎƘǘ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ǿŀǘŜǊΦ 

¶ .ŀǎŜƭƛƴŜ tŜǊƛƻŘΥ ¢ƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ŎƘŀƴƎŜ ƛƴ ǎǘƻǊŀƎŜ ōŜŎŀƳŜ ƴŜƎŀǝǾŜΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

ҍмΦнтȄмлтƳоΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ǘƻǘŀƭ ǎǘƻǊŀƎŜ ŘŜŎǊŜŀǎŜ ƻŦ ҍмΦфлȄмлу ƳоΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ŀ ƴŜǘ ŘŜŎƭƛƴŜ 

ƛƴ ƭŀƪŜ ƭŜǾŜƭǎκǾƻƭǳƳŜ ŘǳǊƛƴƎ ǘƘƛǎ ǇŜǊƛƻŘΦ 

¶ /ƭƛƳŀǘŜ /ƘŀƴƎŜ tŜǊƛƻŘΥ ¢ƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ŎƘŀƴƎŜ ƛƴ ǎǘƻǊŀƎŜ ŎƻƴǝƴǳŜŘ ǘƻ ōŜ ƴŜƎŀǝǾŜΣ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ ҍмΦлтȄмлсƳоΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀ ǘƻǘŀƭ ǎǘƻǊŀƎŜ ŘŜŎǊŜŀǎŜ ƻŦ ҍоΦллȄмлт ƳоΦ ¢Ƙƛǎ 

ŦǳǊǘƘŜǊ ǊŜƛƴŦƻǊŎŜǎ ǘƘŜ ǘǊŜƴŘ ƻŦ ŘŜŎƭƛƴƛƴƎ ƭŀƪŜ ƭŜǾŜƭǎ ǳƴŘŜǊ ŦǳǘǳǊŜ ŎƭƛƳŀǘŜ ǎŎŜƴŀǊƛƻǎΦ 

hǾŜǊŀƭƭΣ ǘƘŜ ǘƻǘŀƭ ŎƘŀƴƎŜ ƛƴ ǊŜǎŜǊǾƻƛǊ ǎǘƻǊŀƎŜ ŦǊƻƳ ǘƘŜ ŬǊǎǘ ȅŜŀǊ όмфтмύ ǘƻ ǘƘŜ ƭŀǎǘ ȅŜŀǊ όнлпуύ ƻŦ ǘƘŜ 

ŘŀǘŀǎŜǘ ƛǎ ŀ ŘŜŬŎƛǘ ƻŦ ҍнΦмлǝƳŜǎмлуƳоΣ ƛƴŘƛŎŀǝƴƎ ŀƴ ƻǾŜǊŀƭƭ ǊŜŘǳŎǝƻƴ ƛƴ ǘƘŜ ƭŀƪŜϥǎ ǿŀǘŜǊ ǾƻƭǳƳŜ 

ƻǾŜǊ ǘƘŜ ŜƴǝǊŜ ǎƛƳǳƭŀǝƻƴ ǇŜǊƛƻŘΦ 

Lǘ ƛǎ ŎǊƛǝŎŀƭ ǘƻ ŎƻƴǘŜȄǘǳŀƭƛǎŜ ǘƘŜǎŜ ŬƴŘƛƴƎǎ ǿƛǘƘƛƴ ǘƘŜ ƪƴƻǿƴ ƭƛƳƛǘŀǝƻƴǎ ƻŦ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪ 

ŀƴŘ ŀǾŀƛƭŀōƭŜ ŘŀǘŀΥ 

¶ DǊƻǳƴŘǿŀǘŜǊ wŜǇǊŜǎŜƴǘŀǝƻƴΥ ²ƘƛƭŜ ƎǊƻǳƴŘǿŀǘŜǊ ƛƴǘŜǊŀŎǝƻƴ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ {²!¢ 

ƳƻŘŜƭƭƛƴƎ ŦǊŀƳŜǿƻǊƪΣ ǘƘŜǊŜ ƛǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ƭŀŎƪ ƻŦ ŀŎǘǳŀƭ ŬŜƭŘ Řŀǘŀ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ƅƻǿǎ ƛƴ 

ǘƘŜ ǊŜƎƛƻƴΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ǊŜƭƛŀōƛƭƛǘȅ ƻŦ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƳǇƻƴŜƴǘǎ ǿƛǘƘƛƴ ǘƘŜ ƳƻŘŜƭΣ ŀƴŘ 

ǘƘŜƛǊ ƛƴƅǳŜƴŎŜ ƻƴ ǘƘŜ ƻǾŜǊŀƭƭ ǿŀǘŜǊ ōŀƭŀƴŎŜΣ ƛǎ ǎǳōƧŜŎǘ ǘƻ ƘƛƎƘ ǳƴŎŜǊǘŀƛƴǘȅΦ 



¶ /ŀƭƛōǊŀǝƻƴ 9ȄǘŜƴǘΥ ¢ƘŜ ƳƻŘŜƭ ǿŀǎ ǇǊƛƳŀǊƛƭȅ ŎŀƭƛōǊŀǘŜŘ ƛƴ ǎǇŜŎƛŬŎ ƭƻŎŀǝƻƴǎΣ ŀƴŘ ƻƴƭȅ ŦƻǊ ǘƘŜ 

ǇŜǊƛƻŘ ǳǇ ǘƻ нллрΦ CƻǊ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ .ŀǎŜƭƛƴŜ όнллсπнлнлύ ƴƻ ŘƛǊŜŎǘ ƻōǎŜǊǾŀǝƻƴŀƭ Řŀǘŀ 

ǿŜǊŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŎŀƭƛōǊŀǝƻƴ ƻǊ ǾŀƭƛŘŀǝƻƴΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘƛǎ ƭŀǘŜǊ ǇŜǊƛƻŘ 

ŀǊŜ ǇǊŜŘƛŎǝǾŜ ŀƴŘ ǊŜƭȅ ƘŜŀǾƛƭȅ ƻƴ ǘƘŜ ƳƻŘŜƭϥǎ ŜȄǘǊŀǇƻƭŀǘŜŘ ǇŜǊŦƻǊƳŀƴŎŜ ŀƴŘ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ 

ǘƘŜ ŎƭƛƳŀǘŜ ŦƻǊŎƛƴƎ ŘŀǘŀΦ 

¶ tǊƻȄƛƳƛǘȅ ƻŦ aƻƴƛǘƻǊƛƴƎ {ǘŀǝƻƴǎΥ aƻƴƛǘƻǊƛƴƎ ǎǘŀǝƻƴǎ ǳǎŜŘ ŦƻǊ ƛƴǇǳǘ Řŀǘŀ ǿŜǊŜ ƴƻǘ ƭƻŎŀǘŜŘ 

ƛƳƳŜŘƛŀǘŜƭȅ ŀŘƧŀŎŜƴǘ ǘƻ {ƪŀŘŀǊ [ŀƪŜΦ ¢ƘŜ ŎƭƻǎŜǎǘ ǎǘŀǝƻƴǎ ǿŜǊŜ ƛƴ tƻŘƎƻǊƛŎŀΣ /ƛƧŜǾƴŀΣ ŀƴŘ 

/ǊƴƻƧŜǾƛŎŀΦ ¢Ƙƛǎ ƎŜƻƎǊŀǇƘƛŎŀƭ ŘƛǎǘŀƴŎŜ ƛƴǘǊƻŘǳŎŜǎ ŀ ŘŜƎǊŜŜ ƻŦ ǳƴŎŜǊǘŀƛƴǘȅ ǊŜƎŀǊŘƛƴƎ Ƙƻǿ ǿŜƭƭ 

ǘƘŜǎŜ Řŀǘŀ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƛƳƳŜŘƛŀǘŜ ƘȅŘǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ƻŦ ǘƘŜ ƭŀƪŜϥǎ ōŀǎƛƴΦ 

¶ !ōǎŜƴŎŜ ƻŦ hǳǜƭƻǿ 5ŀǘŀΥ /ǊǳŎƛŀƭƭȅΣ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ŘƛǊŜŎǘ ƳŜŀǎǳǊŜƳŜƴǘ ǎǘŀǝƻƴǎ ŦƻǊ ǘƘŜ ƭŀƪŜϥǎ 

ƻǳǜƭƻǿΦ !ƭƭ ƻǳǜƭƻǿ Řŀǘŀ ƛƴ ǘƘŜ ǎƛƳǳƭŀǝƻƴ ŀǊŜ ŜƴǝǊŜƭȅ ƳƻŘŜƭπŘŜǊƛǾŜŘΣ ǿƘƛŎƘ ŦǳǊǘƘŜǊ 

ŜƳǇƘŀǎƛǎŜǎ ǘƘŜ ǇǊŜŘƛŎǝǾŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ƻǳǜƭƻǿ ŎƻƳǇƻƴŜƴǘ ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ǿŀǘŜǊ ōŀƭŀƴŎŜΦ 

 

пΦнΦ LŘŜƴǝŬŎŀǝƻƴ ƻŦ ²ŀǘŜǊǎƘŜŘ LƴǎǘŀōƛƭƛǝŜǎ 

Lƴ ƻǊŘŜǊ ǘƻ ƛŘŜƴǝŦȅ ǎƻƳŜ ƛƴǎǘŀōƛƭƛǝŜǎ ƛƴ ŘƛũŜǊŜƴǘ ǎǳōŎŀǘŎƘƳŜƴǘǎΣ ǎǳŎƘ ŀǎ ŜǊƻǎƛƻƴΣ ŘŜƎǊŀŘŀǝƻƴΣ ƻǊ 

ƅŀǎƘ ƅƻƻŘǎΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿƛƭƭ ōŜ ŜǾŀƭǳŀǘŜŘΦ  

пΦнΦмΦ LŘŜƴǝŬŎŀǝƻƴ ƻŦ LǎǎǳŜǎ ƛƴ [ŀƴŘǎŎŀǇŜ ¦ƴƛǘǎ 

Lƴ ƻǊŘŜǊ ǘƻ ƛŘŜƴǝŦȅ ƛǎǎǳŜǎ ŀǘ ŀ ƭƻŎŀƭ ǎŎŀƭŜ ǿƛǘƘƛƴ ǘƘŜ {ƪŀŘŀǊ ƭŀƪŜ ōŀǎƛƴΣ ǘƘŜ [ŀƴŘǎŎŀǇŜ ¦ƴƛǘǎ ƻŦ {²!¢ 

ƘŀǾŜ ōŜŜƴ ǳǎŜŘΦ ! [ŀƴŘǎŎŀǇŜ ¦ƴƛǘ ό[{¦ύ ƛƴ {²!¢ ƛǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ƳƻŘŜƭƭƛƴƎ ǳƴƛǘ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ 

ŀǊŜŀǎ ǿƛǘƘƛƴ ŀ ǎǳōōŀǎƛƴ ǘƘŀǘ ǎƘŀǊŜ ǎƛƳƛƭŀǊ ƘȅŘǊƻƭƻƎƛŎŀƭ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎΦ ¦ƴƭƛƪŜ 

IȅŘǊƻƭƻƎƛŎ wŜǎǇƻƴǎŜ ¦ƴƛǘǎ όIw¦ǎύ ǿƘƛŎƘ ŀǊŜ ŘŜŬƴŜŘ ōȅ ǳƴƛǉǳŜ ŎƻƳōƛƴŀǝƻƴǎ ƻŦ ƭŀƴŘ ǳǎŜΣ ǎƻƛƭ ǘȅǇŜΣ 

ŀƴŘ ǎƭƻǇŜ ǿƛǘƘƛƴ ŀ ǎǳōōŀǎƛƴΣ [{¦ǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ƭŀǊƎŜǊΣ ƳƻǊŜ ŀƎƎǊŜƎŀǘŜŘ ǎǇŀǝŀƭ ǳƴƛǘǎΣ ƻƊŜƴ 

ǊŜǇǊŜǎŜƴǝƴƎ ǎǇŜŎƛŬŎ ƭŀƴŘǎŎŀǇŜ ŜƭŜƳŜƴǘǎ ƻǊ ƘȅŘǊƻƭƻƎƛŎŀƭ ŦŜŀǘǳǊŜǎΦ 

¢ƘŜƛǊ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ǎƛƳǇƭƛŦȅ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ŎƻƳǇƭŜȄ ƭŀƴŘǎŎŀǇŜǎ ǿƘƛƭŜ ǎǝƭƭ ŎŀǇǘǳǊƛƴƎ ǘƘŜ ǎǇŀǝŀƭ 

ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ƘȅŘǊƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎΦ  

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ [{¦ ǿŀǘŜǊ ōŀƭŀƴŎŜ Řŀǘŀ ǿŀǎ ǳƴŘŜǊǘŀƪŜƴ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ǇŜǊƛƻŘǎ ǇǊŜǾƛƻǳǎƭȅ ƻǳǘƭƛƴŜŘΣ 

ŎŀƭƛōǊŀǝƻƴ ǇŜǊƛƻŘΣ ōŀǎŜƭƛƴŜ ǇŜǊƛƻŘ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇŜǊƛƻŘΦ ²ƘƛƭŜ ǘƘŜ ŘŜŬƴƛǝƻƴ ƻŦ ǘƘŜǎŜ ǇŜǊƛƻŘǎ 

ƛǎ ŀǊōƛǘǊŀǊȅΣ ǘƘƛǎ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎƻƴŘƛǝƻƴǎ ŀǘ ǘƘǊŜŜ ǎƴŀǇǎƘƻǘǎΣ ƻƴŜ ƛƴ ǘƘŜ ǊŜŎŜƴǘ 

ǇŀǎǘΣ ƻƴŜ ŎǳǊǊŜƴǘ ŀƴŘ Ŭƴŀƭƭȅ ǘƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇǊƻƧŜŎǝƻƴǎΦ ¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǝǾŜ ƻŦ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ƛǎ ǘƻ 

ƛŘŜƴǝŦȅ ǎǇŜŎƛŬŎ ŀǊŜŀǎ ǘƘŀǘ Ƴŀȅ ōŜ ƳƻǊŜ ǾǳƭƴŜǊŀōƭŜ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎΤ ǘƘŜ ŀƛƳ ƛǎ ǘƻ 

ǇǊŜǎŜƴǘ ŀ ƘƻƭƛǎǝŎ ǾƛŜǿ ƻŦ Ƙƻǿ ǿŀǘŜǊ ȅƛŜƭŘΣ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴΣ ŀƴŘ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ƘŀǾŜ ŜǾƻƭǾŜŘ 

ŀƴŘ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ŎƘŀƴƎŜ ŀǘ ŀ [{¦ ǎŎŀƭŜΦ ¢ƘŜ ƧǳǎǝŬŎŀǝƻƴ ŦƻǊ ǘƘŜǎŜ ǘƘǊŜŜ ƪŜȅ ƛƴŘƛŎŀǘƻǊǎ ƻŦ 

ϦƛƴǎǘŀōƛƭƛǘȅϦ ƻǊ ϦƭŀŎƪ ƻŦ ǊŜǎƛƭƛŜƴŎŜϦ ŦǊƻƳ ŀ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ǇŜǊǎǇŜŎǝǾŜ ƛǎ ǎƘƻǿƴ ōŜƭƻǿΥ 



¶ 5ŜŎǊŜŀǎŜ ƛƴ ²ŀǘŜǊ ¸ƛŜƭŘΥ ! ǊŜŘǳŎǝƻƴ ƛƴ ǿŀǘŜǊ ȅƛŜƭŘ ƳŜŀƴǎ ƭŜǎǎ ǿŀǘŜǊ ƛǎ ƅƻǿƛƴƎ ƻǳǘ ƻŦ ǘƘŀǘ 

[{¦Σ ǿƘƛŎƘ Ŏŀƴ ƭŜŀŘ ǘƻ ǊŜŘǳŎŜŘ ǎǘǊŜŀƳƅƻǿΣ ƛƳǇŀŎǝƴƎ ŘƻǿƴǎǘǊŜŀƳ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ŦƻǊ 

ǾŀǊƛƻǳǎ ǳǎŜǎ ŀƴŘ ǇƻǘŜƴǝŀƭƭȅ ŀũŜŎǝƴƎ ŀǉǳŀǝŎ ōƛƻŘƛǾŜǊǎƛǘȅΦ 

¶ LƴŎǊŜŀǎŜ ƛƴ 9ǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴΥ IƛƎƘŜǊ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ƛƴŘƛŎŀǘŜǎ ƳƻǊŜ ǿŀǘŜǊ ƛǎ ōŜƛƴƎ ƭƻǎǘ 

ǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΣ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ Ǉƭŀƴǘ ǘǊŀƴǎǇƛǊŀǝƻƴ ƻǊ ŘƛǊŜŎǘ ŜǾŀǇƻǊŀǝƻƴΦ ¢Ƙƛǎ Ŏŀƴ ƭŜŀŘ ǘƻ 

ŘǊƛŜǊ ǎƻƛƭǎ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ǿŀǘŜǊ ǎǘǊŜǎǎ ŦƻǊ ǾŜƎŜǘŀǝƻƴ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎΦ 

¶ bŜƎŀǝǾŜ /ƘŀƴƎŜ ƛƴ {ƻƛƭ ²ŀǘŜǊ {ǘƻǊŀƎŜΥ ! ƳƻǊŜ ƴŜƎŀǝǾŜ ŎƘŀƴƎŜ όƻǊ ŀ ǎƘƛƊ ŦǊƻƳ ǇƻǎƛǝǾŜ ǘƻ 

ƴŜƎŀǝǾŜύ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǎƻƛƭǎ ǿƛǘƘƛƴ ǘƘŀǘ [{¦ ŀǊŜΣ ƻƴ ŀǾŜǊŀƎŜΣ ǊŜǘŀƛƴƛƴƎ ƭŜǎǎ ǿŀǘŜǊ ƻǾŜǊ 

ǘƘŜ ȅŜŀǊΦ ¢Ƙƛǎ Ŏŀƴ ƭŜŀŘ ǘƻ ƛƴŎǊŜŀǎŜŘ ŘǊƻǳƎƘǘ Ǌƛǎƪ ŦƻǊ ǘŜǊǊŜǎǘǊƛŀƭ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ǊŜŘǳŎŜŘ 

ōŀǎŜƅƻǿ ŎƻƴǘǊƛōǳǝƻƴǎ ǘƻ ǎǘǊŜŀƳǎΦ 

Lƴ ƻǊŘŜǊ ǘƻ ǳƴŘŜǊǘŀƪŜ ǘƘƛǎ ŀƴŀƭȅǎƛǎΣ ŦƻǊ ŜŀŎƘ [{¦ ŀƴŘ ŦƻǊ ŜŀŎƘ ǇŜǊƛƻŘΣ ǘƘŜ ƳŜŀƴ ŀƴƴǳŀƭ ǾŀƭǳŜǎ ŦƻǊ 

ά²ŀǘŜǊ ¸ƛŜƭŘέΣ ά9ǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴέΣ ŀƴŘ ά/ƘŀƴƎŜ ƛƴ {ƻƛƭ ²ŀǘŜǊ {ǘƻǊŀƎŜέ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘΦ 

¢ƘŜ ǎŜƭŜŎǝƻƴ ƻŦ ǾǳƭƴŜǊŀōƭŜ [{¦ ǿŀǎ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƻƴŜǎ ǎƘƻǿƛƴƎ ŀ ƳƻǊŜ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƴƎŜ ƛƴ ǘƘƻǎŜ 

ǾŀǊƛŀōƭŜǎΣ ŦƻǊ ƛƴǎǘŀƴŎŜ ŘŜŎǊŜŀǎŜǎ ƛƴ ǿŀǘŜǊ ȅƛŜƭŘ ŀƴŘ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ŀƴŘ ƛƴŎǊŜŀǎŜǎ ƛƴ 

ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ŀŎǊƻǎǎ ōƻǘƘ ǘƘŜ Ϧ.ŀǎŜƭƛƴŜ ǘƻ /ƭƛƳŀǘŜ /ƘŀƴƎŜϦ ŀƴŘ Ϧ/ŀƭƛōǊŀǝƻƴ ǘƻ /ƭƛƳŀǘŜ 

/ƘŀƴƎŜϦ ŎƻƳǇŀǊƛǎƻƴ ǎŎŜƴŀǊƛƻǎΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀōƭŜǎ ǎƘƻǿŎŀǎŜ ǘƘŜ ƳŜŀƴ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ƪŜȅ ǿŀǘŜǊ 

ōŀƭŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎ ŦƻǊ ǘƘŜ ƛŘŜƴǝŬŜŘ ǾǳƭƴŜǊŀōƭŜ [{¦ǎΣ ŀƭƭƻǿƛƴƎ ŦƻǊ ŘƛǊŜŎǘ ŎƻƳǇŀǊƛǎƻƴ ŀŎǊƻǎǎ ǘƘŜ 

/ŀƭƛōǊŀǝƻƴΣ .ŀǎŜƭƛƴŜΣ ŀƴŘ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘǎΦ  

¢ƘƛŜ ¢ŀōƭŜ мл ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ǿŀǘŜǊ ȅƛŜƭŘ ŦƻǊ ǎŜƭŜŎǘŜŘ όǿƛǘƘ ǘƘŜ ƘƛƎƘŜǊ ŘŜŎǊŜŀǎŜύ [{¦ǎ 

ŀŎǊƻǎǎ ǘƘŜ ǘƘǊŜŜ ǇŜǊƛƻŘǎΦ ! ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ƛƴŘƛŎŀǘŜǎ ǊŜŘǳŎŜŘ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅ ƻǾŜǊ ǝƳŜΦ  

¢ŀōƭŜ млΦ /ƘŀƴƎŜǎ ƛƴ ǿŀǘŜǊ ȅƛŜƭŘ 

unit Calibration Baseline 
Climate 
Change 

Change 
WYLD  
(Climate 
Change - 
Calibration) 

Change 
WYLD 
(Climate 
Change - 
Baseline) 

% Change 
WYLD 
(Climate 
Change - 
Calibration) 

% Change W 
YLD (Climate 
Change - 
Baseline) 

175 9.26 9.26 -0.71 -9.97 -9.97 -107.67% -107.67% 

177 10.9 10.9 0.92 -9.98 -9.98 -91.56% -91.56% 

154 7.28 7.28 0.34 -6.94 -6.94 -95.33% -95.33% 

126 7.27 7.27 0.35 -6.92 -6.92 -95.19% -95.19% 

130 7.22 7.22 0.35 -6.87 -6.87 -95.15% -95.15% 

80 7.2 7.2 0.62 -6.58 -6.58 -91.39% -91.39% 

90 7.82 7.82 0.91 -6.91 -6.91 -88.36% -88.36% 

89 7.56 7.56 0.95 -6.61 -6.61 -87.43% -87.43% 

21 907.4 870.6 543.59 -363.81 -327.01 -40.09% -37.56% 

26 915.54 877.53 558.14 -357.4 -319.39 -39.04% -36.40% 

 



aƻǎǘ ƻŦ ǘƘŜ [{¦ǎ ƛŘŜƴǝŬŜŘ ŦƻǊ ǿŀǘŜǊ ȅƛŜƭŘ ŘŜŎǊŜŀǎŜ όŜΦƎΦΣ [{¦ǎ нмΣ нсΣ мпΣ моΣ ооύ ǎƘƻǿ ŀ ŎƻƴǎƛǎǘŜƴǘ 

ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ŦǊƻƳ /ŀƭƛōǊŀǝƻƴ ǘƻ .ŀǎŜƭƛƴŜ ŀƴŘ ŀ ƳƻǊŜ ǇǊƻƴƻǳƴŎŜŘ ŘǊƻǇ ƛƴǘƻ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ 

ǇŜǊƛƻŘΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ŀ ǿƻǊǎŜƴƛƴƎ ǘǊŜƴŘ ƻŦ ǿŀǘŜǊ ǎŎŀǊŎƛǘȅ ƻǾŜǊ ǝƳŜ ƛƴ ǘƘŜǎŜ ǳƴƛǘǎΦ  

¢ƘŜ ǘŀōƭŜ ōŜƭƻǿ ǇǊŜǎŜƴǘǎ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ŦƻǊ [{¦ǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǊ ƛƴŎǊŜŀǎŜ 

ŀŎǊƻǎǎ ǘƘŜ ǘƘǊŜŜ ǇŜǊƛƻŘǎΦ LƴŎǊŜŀǎƛƴƎ ǾŀƭǳŜǎ ǎǳƎƎŜǎǘ ƘƛƎƘŜǊ ǿŀǘŜǊ ƭƻǎǎ ǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ 

¢ŀōƭŜ ммΦ /ƘŀƴƎŜ ƛƴ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ 

unit Calibration Baseline 
Climate 
Change 

Change ET  
(Climate 
Change - 
Calibration) 

Change 
ET 
(Climate 
Change - 
Baseline) 

% Change ET 
(Climate 
Change - 
Calibration) 

% Change 
ET (Climate 
Change - 
Baseline) 

66 320.11 320.87 525.52 205.41 204.65 64.17% 63.78% 

107 765.31 764.27 874.95 109.64 110.68 14.33% 14.48% 

173 810.11 812.67 926.29 116.18 113.62 14.34% 13.98% 

109 780.57 779.33 884.57 104 105.24 13.32% 13.50% 

108 778.14 776.93 879.21 101.07 102.28 12.99% 13.16% 

168 750.66 753.33 852.31 101.65 98.98 13.54% 13.14% 

172 809.89 812.13 918.31 108.42 106.18 13.39% 13.07% 

170 815.26 816.93 920.76 105.5 103.83 12.94% 12.71% 

76 872.23 866.13 976.13 103.9 110 11.91% 12.70% 

88 859.53 859.53 960.84 101.31 101.31 11.79% 11.79% 

 

[{¦ǎ ƭƛƪŜ ссΣ мтоΣ млтΣ мтнΣ мтлΣ ŀƴŘ млф ǎƘƻǿ ŀ ŎƻƴǎƛǎǘŜƴǘ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ƛƴ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ 

ŦǊƻƳ /ŀƭƛōǊŀǝƻƴ ǘƘǊƻǳƎƘ .ŀǎŜƭƛƴŜ ŀƴŘ ƛƴǘƻ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘΦ ¢Ƙƛǎ ǎƛƎƴƛŬŜǎ ƻƴƎƻƛƴƎ ŀƴŘ 

ǇǊƻƧŜŎǘŜŘ ƛƴǘŜƴǎƛŬŎŀǝƻƴ ƻŦ ǿŀǘŜǊ ƭƻǎǎ ŦǊƻƳ ǘƘŜǎŜ ŀǊŜŀǎΦ 

¢Ƙƛǎ ǘŀōƭŜ ό¢ŀōƭŜ мнύ ŘƛǎǇƭŀȅǎ ǘƘŜ ŀǾŜǊŀƎŜ ŀƴƴǳŀƭ ŎƘŀƴƎŜ ƛƴ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜΦ bŜƎŀǝǾŜ ǾŀƭǳŜǎ 

ƛƴŘƛŎŀǘŜ ŀ ƴŜǘ ŘŜŎǊŜŀǎŜ ƛƴ ǿŀǘŜǊ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ǎƻƛƭΣ ǿƘƛŎƘ Ŏŀƴ ƭŜŀŘ ǘƻ ŘǊƛŜǊ ŎƻƴŘƛǝƻƴǎΦ 

¢ŀōƭŜ мнΦ /ƘŀƴƎŜ ƛƴ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ 

unit Calibration Baseline 
Climate 
Change 

Change 
Delta SW 
(Climate 
Change - 
Calibration) 

Change 
Delta SW 
(Climate 
Change - 
Baseline) 

% Change 
Delta SW 
(Climate 
Change - 
Calibration) 

% Change 
Delta SW 
(Climate 
Change - 
Baseline) 

21 907.4 870.6 543.59 -363.81 -327.01 -40.09% -37.56% 

26 915.54 877.53 558.14 -357.4 -319.39 -39.04% -36.40% 

14 1395.63 1336.07 1183.14 -212.49 -152.93 -15.23% -11.45% 



13 1385.74 1327 1176.69 -209.05 -150.31 -15.09% -11.33% 

33 1386.71 1329.07 1179.34 -207.37 -149.73 -14.95% -11.27% 

169 1124.91 1121.53 1008.1 -116.81 -113.43 -10.38% -10.11% 

174 1124.8 1121.67 1009.55 -115.25 -112.12 -10.25% -10.00% 

15 1117.57 1076.8 982.69 -134.88 -94.11 -12.07% -8.74% 

31 1089.66 1040.73 979.41 -110.25 -61.32 -10.12% -5.89% 

34 1083.91 1035.27 976.14 -107.77 -59.13 -9.94% -5.71% 

 

{ŜǾŜǊŀƭ [{¦ǎ όŜΦƎΦΣ млтΣ млфΣ млуΣ мроΣ мпфΣ моуύ ǎƘƻǿ ŀ ŎƻƴŎŜǊƴƛƴƎ ǎƘƛƊ ŦǊƻƳ ǇƻǎƛǝǾŜ ƻǊ ǎƭƛƎƘǘƭȅ 

ƴŜƎŀǝǾŜ ǎƻƛƭ ǿŀǘŜǊ ŎƘŀƴƎŜ ƛƴ ǘƘŜ /ŀƭƛōǊŀǝƻƴκ.ŀǎŜƭƛƴŜ ǇŜǊƛƻŘǎ ǘƻ ǎƛƎƴƛŬŎŀƴǘƭȅ ƴŜƎŀǝǾŜ ǾŀƭǳŜǎ ƛƴ ǘƘŜ 

/ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘΦ ¢Ƙƛǎ ƛƴŘƛŎŀǘŜǎ ŀ ŎƭŜŀǊ ǘǊŜƴŘ ǘƻǿŀǊŘǎ ŘǊƛŜǊ ǎƻƛƭǎ ŀƴŘ ƛƴŎǊŜŀǎŜŘ ŘǊƻǳƎƘǘ Ǌƛǎƪ 

ƻǾŜǊ ǘƘŜ ƭƻƴƎ ǘŜǊƳΦ  

¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ǾǳƭƴŜǊŀōƭŜ [{¦ǎ ŀŎǊƻǎǎ ŀƭƭ ǘƘǊŜŜ ǇŜǊƛƻŘǎ ǊŜǾŜŀƭǎ ŎƻƴǎƛǎǘŜƴǘ ŀƴŘ ƻƊŜƴ ǿƻǊǎŜƴƛƴƎ 

ǘǊŜƴŘǎ ƛƴ ǿŀǘŜǊ ōŀƭŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎΥ 

¶ 5ŜŎƭƛƴƛƴƎ ²ŀǘŜǊ !ǾŀƛƭŀōƛƭƛǘȅΥ {ŜǾŜǊŀƭ [{¦ǎ ǎƘƻǿ ŀ ŎƭŜŀǊ ǇǊƻƎǊŜǎǎƛƻƴ ǘƻǿŀǊŘǎ ǊŜŘǳŎŜŘ ǿŀǘŜǊ 

ȅƛŜƭŘΣ ǿƛǘƘ ŀ ǎƘŀǊǇ ŘŜŎƭƛƴŜ ǇǊƻƧŜŎǘŜŘ ƛƴ ǘƘŜ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ǇŜǊƛƻŘΦ ¢Ƙƛǎ Ǉƻƛƴǘǎ ǘƻ ƛƴŎǊŜŀǎƛƴƎ 

ǇǊŜǎǎǳǊŜ ƻƴ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ōƻǘƘ ƘǳƳŀƴ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ƴŜŜŘǎΦ 

¶ LƴŎǊŜŀǎŜŘ !ǘƳƻǎǇƘŜǊƛŎ ²ŀǘŜǊ [ƻǎǎΥ [{¦ǎ ǿƛǘƘ ŎƻƴǎƛǎǘŜƴǘƭȅ ǊƛǎƛƴƎ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ŀǊŜ 

ŜȄǇŜǊƛŜƴŎƛƴƎ ŀƴŘ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ŎƻƴǝƴǳŜ ŜȄǇŜǊƛŜƴŎƛƴƎ ƎǊŜŀǘŜǊ ǿŀǘŜǊ ƭƻǎǎ ǘƻ ǘƘŜ 

ŀǘƳƻǎǇƘŜǊŜΦ ¢Ƙƛǎ ŎƻƳǇƻǳƴŘǎ ǘƘŜ ǇǊƻōƭŜƳ ƻŦ ǊŜŘǳŎŜŘ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅΦ 

¶ 5ǊƛŜǊ {ƻƛƭǎΥ ! ƴƻǘŀōƭŜ ǎƘƛƊ ǘƻǿŀǊŘǎ ƴŜƎŀǝǾŜ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ŎƘŀƴƎŜǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǎƻƛƭǎ ƛƴ 

ǎŜǾŜǊŀƭ [{¦ǎ ŀǊŜ ōŜŎƻƳƛƴƎ ŘǊƛŜǊΣ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ǎǳǎŎŜǇǝōƛƭƛǘȅ ǘƻ ŘǊƻǳƎƘǘ ŀƴŘ ƛƳǇŀŎǝƴƎ 

ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŘǳŎǝǾƛǘȅ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ƘŜŀƭǘƘΦ 

.ȅ ŜȄŀƳƛƴƛƴƎ ǿŀǘŜǊ ōŀƭŀƴŎŜ ǘǊŜƴŘǎ ŀŎǊƻǎǎ ǘƘŜ ǘƘǊŜŜ ǇŜǊƛƻŘǎ ŦǊƻƳ мфтл ǘƻ нлрлΣ ŀ ŎƭŜŀǊŜǊ ǇƛŎǘǳǊŜ ƻŦ 

ƭƻƴƎπǘŜǊƳ ƘȅŘǊƻƭƻƎƛŎŀƭ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŜƳŜǊƎŜǎΦ [{¦ǎ ǎǳŎƘ ŀǎ нмΣ нс όŦƻǊ ǿŀǘŜǊ ȅƛŜƭŘ ŘŜŎǊŜŀǎŜύΣ ссΣ мтоΣ 

млтΣ млуΣ млфΣ мтнΣ мтл όŦƻǊ 9¢ ƛƴŎǊŜŀǎŜύΣ ŀƴŘ ǘƘƻǎŜ ǿƛǘƘ ŎƻƴǎƛǎǘŜƴǘ ƴŜƎŀǝǾŜ ǎƻƛƭ ǿŀǘŜǊ ŎƘŀƴƎŜǎ ǎǳŎƘ 

ŀǎ мопΣ мпрΣ ммлΣ ммрΣ млфΣ млуΣ мроΣ мпфΣ моуΣ млтΣ мтрύ ǎǘŀƴŘ ƻǳǘ ŀǎ ŎǊƛǝŎŀƭ ŀǊŜŀǎ ǊΦ ¢ƘŜǎŜ ǳƴƛǘǎ 

ŘŜƳƻƴǎǘǊŀǘŜ ŀ ŎƻƳǇƻǳƴŘƛƴƎ ƻŦ ǿŀǘŜǊπǊŜƭŀǘŜŘ ŎƘŀƭƭŜƴƎŜǎΣ ƛƴŎƭǳŘƛƴƎ ŘŜŎǊŜŀǎŜŘ ǿŀǘŜǊ ǎǳǇǇƭȅΣ 

ƛƴŎǊŜŀǎŜŘ ŀǘƳƻǎǇƘŜǊƛŎ ǿŀǘŜǊ ƭƻǎǎΣ ŀƴŘ ǊŜŘǳŎŜŘ ǿŀǘŜǊ ǊŜǘŜƴǝƻƴ ƛƴ ǎƻƛƭǎΦ 

¢ƘŜǎŜ [{¦ǎ ƘŀǾŜ ōŜŜƴ ƳŀǇǇŜŘ όCƛƎǳǊŜ нсύ ŦƻǊ Ŝŀǎȅ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ƛǎǎǳŜǎΦ  



 

CƛƎǳǊŜ нсΦ LŘŜƴǝŬŜŘ [{¦ǎ 

!ǎ ƛǘ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘΣ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜ ƛǎǎǳŜǎ ŀǊŜ ǇǊŜŘƻƳƛƴŀƴǘ ƛƴ ǘƘŜ ƴƻǊǘƘ ƻŦ ǘƘŜ ŎŀǘŎƘƳŜƴǘΣ ǿƘƛƭŜ 

ǿŀǘŜǊ ȅƛŜƭŘ ŀƴŘ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǝƻƴ ƛǎǎǳŜǎ ŀǊŜ ƛŘŜƴǝŬŜŘ ƛƴ ǘƘŜ ǎƻǳǘƘŜǊƴ ǇŀǊǘ ƻŦ ǘƘŜ ŎŀǘŎƘƳŜƴǘΣ Ƴƻǎǘƭȅ 

ƻƴ ǘƘŜ ǿŜǎǘŜǊƴ ŀƴŘ ŜŀǎǘŜǊƴ ŜŘƎŜǎ ƻŦ ǘƘŜ ōŀǎƛƴΦ {ǇŜŎƛŀƭ ŀǧŜƴǝƻƴ ǎƘƻǳƭŘ ōŜ ǇŀƛŘ ǘƻ ǘǿƻ [{¦ǎ ƛƴ ǘƘŜ 

ƴƻǊǘƘ ƻŦ ǘƘŜ ōŀǎƛƴ ǿƛǘƘ ƛŘŜƴǝŬŜŘ ƛǎǎǳŜǎ ōƻǘƘ ǊŜƎŀǊŘƛƴƎ ǿŀǘŜǊ ȅƛŜƭŘ ŀƴŘ ǎƻƛƭ ǿŀǘŜǊ ǎǘƻǊŀƎŜΦ  

Lƴ ƻǊŘŜǊ ǘƻ ŀƴŀƭȅǎŜ ƻǘƘŜǊ ƛǎǎǳŜǎ ǿƛǘƘƛƴ ǘƘŜ ōŀǎƛƴΣ ǘƘŜ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘΣ ǘƘŜ ƭŀƴŘ ǳǎŜ ǎŜƴǎƛǝǾƛǘȅ ŀƴŘ ǘƘŜ 

Ǌǳƴƻũ ŎƻŜŶŎƛŜƴǘ ǿŜǊŜ ŀƴŀƭȅǎŜŘΦ  

пΦнΦнΦ {ŜŘƛƳŜƴǘ ¸ƛŜƭŘΥ LŘŜƴǝŦȅ 9Ǌƻǎƛƻƴ IƻǘǎǇƻǘǎ 

¢ƘŜ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘ ƛƴ ǘƘŜ ŘƛũŜǊŜƴǘ [{¦ǎ ǿŀǎ ŀƴŀƭȅǎŜŘΣ ƛƴ ƻǊŘŜǊ ǘƻ ǇƛƴǇƻƛƴǘ ǎǳōŎŀǘŎƘƳŜƴǘǎ ǿƛǘƘ ƘƛƎƘ 

ǎƻƛƭ ƭƻǎǎ ŘǳŜ ǘƻ ǿŀǘŜǊ ŜǊƻǎƛƻƴΦ Lƴ ƻǊŘŜǊ ǘƻ ǳƴŘŜǊǘŀƪŜ ǘƘƛǎΣ ǘƘŜ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘ ǇŜǊ [{¦ ǿŀǎ ŀƴŀƭȅǎŜŘ 

ŀŎǊƻǎǎ ǘƘŜ ǿƘƻƭŜ ǎƛƳǳƭŀǝƻƴ ǇŜǊƛƻŘΦ ¢ƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ǇŜǊƛƻŘ όмфтмπнлнлύ 

ǎƘƻǿŜŘ ǎƛƳƛƭŀǊ ǘǊŜƴŘǎΣ ŀǎ ƛǘ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ōŜƭƻǿ όCƛƎǳǊŜ нт ŀƴŘ CƛƎǳǊŜ нуΣ ŦƻǊ ƘƛǎǘƻǊƛŎŀƭ ŀƴŘ 

ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǊŜǎǳƭǘǎ ǊŜǎǇŜŎǝǾŜƭȅύΦ  

 



 

CƛƎǳǊŜ нтΦ aŜŀƴ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘ ŦǊƻƳ мфтм ǘƻ нлнл 

 

CƛƎǳǊŜ нуΦ {ŜŘƛƳŜƴǘ ȅƛŜƭŘ ǳƴŘŜǊ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŎƻƴŘƛǝƻƴǎ όнлнмπнлпфύ 






