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ǨȀ ǽȇȄȊȀ ȉȀȓȀȐȖǽȌ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȓȎȌ ȄȏȈȁȊǼȏȘȌ ȉȀȇȆȂȆȓǽ  ȉ. ǭȈȉțȊȀȎ 

ǭȈȉȎȊȀǠȃȆ ȂȈȀ ȓȆȌ ȄȔȉȀȈȐǾȀ ȏȎȔ ȋȎȔ ǼȃȘȒȄ ȌȀ ȄȉȏȎȌǽȒȘ  ȓȆȌ ȃȈȏȊȘȋȀȓȈȉǽ 

ȋȎȔ ȄȐȂȀȒǾȀ ȒȓȎ ǥȐȂȀȒȓǽȐȈȎ ǴȃȐȎȂȄȘȖȆȋȈȉǽȑ ǬȆȖȀȌȈȉǽȑ ȉȀȈ 

ǡȏȎȉȀȓǻȒȓȀȒȆȑ ǥȃȀȕȝȌ, ȂȈȀ ȓȈȑ ȒȔȋȁȎȔȊǼȑ ȓȎȔ ȉȀȈ ȓȎȌ ȖȐțȌȎ ȏȎȔ 

ȀȕȈǼȐȘȒȄ ȉȀȇõ țȊȆ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȄȐȂȀȒǾȀȑ.  

ǨȀ ǽȇȄȊȀ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȈȃȈȀǾȓȄȐȀ ȓȆȌ ǲȎȕǾȀ ǭȄȐȀȌȓȅǻȉȆ ȂȈȀ  ȓȆȌ ȒȔȌȄȖǽ 

ȒȔȋȁȎȊǽ ȓȆȑ ȒȄ ȅȆȓǽȋȀȓȀ ȓȆȑ ȋȄȊǼȓȆȑ ȉȀȇȝȑ ȉȀȈ ȂȈȀ ȓȆȌ ȇȄȐȋǽ 

ȔȏȎȒȓǽȐȈȍȆ ȏȎȔ ȋȎȔ ȏȀȐȄǾȖȄ ȉȀȇõ țȊȆ ȓȆȌ ȃȈǻȐȉȄȈȀ ȄȉȏțȌȆȒȆȑ ȓȆȑ 

ȏȀȐȎȜȒȀȑ ȄȐȂȀȒǾȀȑ. 

ǳǼȊȎȑ ȄȔȖȀȐȈȒȓȝ ȓȎȔȑ ȂȎȌȄǾȑ ȋȎȔ ȂȈȀ ȓȆȌ ȔȏȎȒȓǽȐȈȍȆ ȉȀȈ ȓȆȌ ȔȏȎȋȎȌǽ 

ȓȎȔȑ țȊȀ ȀȔȓǻ ȓȀ ȖȐțȌȈȀ. 
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ǰȄȐǾȊȆȗȆ 
 

ǧ ǼȐȄȔȌȀ ȏȐȀȂȋȀȓȄȜȄȓȀȈ ȓȆȌ ȔȃȐȎȊȎȂȈȉǽ ȏȐȎȒȎȋȎǾȘȒȆ ȓȆȑ ȊȄȉǻȌȆȑ 

ȀȏȎȐȐȎǽȑ ȓȎȔ ȏȎȓȀȋȎȜ ǪȎȈȊȈǻȐȆ ȉȀȈ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȘȌ ȉȎȈȌȘȌȈȉȎ-

ȎȈȉȎȌȎȋȈȉȝȌ ȄȏȈȏȓȝȒȄȘȌ ȒȓȆ ȃȈȀȖȄǾȐȈȒǽ ȓȆȑ ȂȈȀ ȃȔȎ ȋȄȊȊȎȌȓȈȉǼȑ 

ȏȄȐȈțȃȎȔȑ (2030 ǼȘȑ 2050 ȉȀȈ 2070 ǼȘȑ 2090). ǧ ȏȀȐȎȜȒȀ ȋȄȊǼȓȆ ȄȉȓȈȋǻ 

ȓȆȌ ȏȀȐȎȖǽ ȏȎȔ ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȓȀ ȄȏȈȕȀȌȄȈȀȉǻ ȜȃȀȓȀ ȓȎȔ ȏȎȓȀȋȎȜ 

ǪȎȈȊȈǻȐȆ ȉȀȇȝȑ ȉȀȈ ȓȈȑ ȉȀȐȒȓȈȉǼȑ ȏȆȂǼȑ ȓȎȔ ǲȓȜȊȎȔ ȉȀȈ ȓȘȌ ǡȐȋǼȌȘȌ, 

ȄȌȒȘȋȀȓȝȌȎȌȓȀȑ ȓȆȌ ȄȔȐȜȓȄȐȆ ȏȄȐȈȎȖǽ ȓȎȔ ȃǽȋȎȔ ǡȏȎȉȎȐȝȌȎȔ ȒȓȆȌ 

ȏȐȎȒȎȋȎǾȘȒȆ. ǡȐȖȈȉǻ ȔȏȎȊȎȂǾȅȎȌȓȀȈ ȎȈ ȔȃȀȓȈȉǼȑ ȀȌǻȂȉȄȑ ȓȆȑ ȏȄȐȈȎȖǽȑ 

ȁǻȒȄȈ ȓȘȌ ȉȎȈȌȘȌȈȉȎ-ȎȈȉȎȌȎȋȈȉȝȌ ȃȄȃȎȋǼȌȘȌ ȏȎȔ ȒȔȊȊǼȖȇȆȉȀȌ. ǡȔȓǻ 

ȀȕȎȐȎȜȌ ȃȆȋȎȂȐȀȕȈȉǻ ȃȄȃȎȋǼȌȀ, ȖȐǽȒȄȈȑ ȂȆȑ, ȅȘȈȉț ȉȄȕǻȊȀȈȎ, ȓȎȔȐȈȒȋț 

ȉȀȈ ǻȃȄȈȄȑ ȖȐǽȒȆȑ ȌȄȐȎȜ. ǲȓȆ ȒȔȌǼȖȄȈȀ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȓȎ ȔȃȐȎȊȎȂȈȉț 

ȋȎȌȓǼȊȎ Soil  and  Water  Assessment  Tool (SWAT) ȒȄ ȏȄȐȈȁǻȊȊȎȌ GIS 

ȉȀȇȝȑ ȉȀȈ ȓȎ ȉȀȐȒȓȈȉț ȋȎȌȓǼȊȎ Karst -SWAT ȂȈȀ ȓȎȌ ȔȏȎȊȎȂȈȒȋț ȓȆȑ 

ȏȀȐȎȖǽȑ ȓȘȌ ȉȀȐȒȓȈȉȝȌ ȏȆȂȝȌ ȓȆȑ ȏȄȐȈȎȖǽȑ. ǣȈȀ ȓȆȌ ȁȀȇȋȎȌțȋȆȒȆ ȉȀȈ 

ȄȏȀȊǽȇȄȔȒȆ ȓȎȔ ȋȎȌȓǼȊȎȔ ȂȈȀ ȓȆȌ ȈȒȓȎȐȈȉǽ ȏȄȐǾȎȃȎ 2004 ǼȘȑ 2018, 

ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȁȐȎȖȎȋȄȓȐȈȉǻ ȉȀȈ ȇȄȐȋȎȉȐȀȒȈȀȉǻ ȃȄȃȎȋǼȌȀ Ȁȏț 

ȒȓȀȇȋȎȜȑ ȓȆȑ ȏȄȐȈȎȖǽȑ ȉȀȇȝȑ ȉȀȈ ȃȄȃȎȋǼȌȀ ȆȋȄȐǽȒȈȀȑ ȏȀȐȎȖǽȑ ȓȎȔ 

ȏȎȓȀȋȎȜ. ǧ ȀȍȈȎȊțȂȆȒȆ ȓȆȑ ȋȎȌȓȄȊȎȏȎǾȆȒȆȑ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ȋȄ ȖȐǽȒȆ 

ȒȓȀȓȈȒȓȈȉȝȌ ȃȄȈȉȓȝȌ. ǳȎ ȁȀȇȋȎȌȎȋȆȋǼȌȎ ȋȎȌȓǼȊȎ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȂȈȀ ȌȀ 

ȄȉȓȈȋȆȇȄǾ Ȇ ȄȏǾȃȐȀȒȆ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȒȓȎ ȔȃȀȓȈȉț ȈȒȎȅȜȂȈȎ ȓȆȑ 

ȊȄȉǻȌȆȑ ȂȈȀ ȓȈȑ ȃȜȎ ȋȄȊȊȎȌȓȈȉǼȑ ȏȄȐȈțȃȎȔȑ ȁǻȒȄȈ ȄȌțȑ ȃȔȒȋȄȌȎȜȑ 

ȒȄȌȀȐǾȎȔ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ. ǣȈȀ ȉǻȇȄ ȋȄȊȊȎȌȓȈȉǽ ȏȄȐǾȎȃȎ 

ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ȒȜȂȉȐȈȒȆ ȓȆȑ ȄȉȓȈȋȝȋȄȌȆȑ ȏȀȐȎȖǽȑ ȋȄ ȓȈȑ ȔȃȀȓȈȉǼȑ 

ȀȌǻȂȉȄȑ ȓȆȑ ȏȄȐȈȎȖǽȑ, ȒȔȌȔȏȎȊȎȂǾȅȎȌȓȀȑ ȉȀȈ ȓȆȌ ȀȁȄȁȀȈțȓȆȓȀ ȊțȂȘ 

ȉȊȈȋȀȓȈȉȎȜ ȒȄȌȀȐǾȎȔ, ȂȈȀ ȌȀ ȉȀȇȎȐȈȒȓȄǾ ȀȌ ȇȀ ȔȏǻȐȍȎȔȌ ȏȄȐǾȎȃȎȈ 

ȄȊȊȄȈȋȋȀȓȈȉȝȌ ȔȃȀȓȈȉȝȌ ȀȏȎȇȄȋǻȓȘȌ. ǧ ǼȐȄȔȌȀ ȒȔȌȃȔǻȅȄȈ ȓȆȌ 

ȔȃȐȎȊȎȂȈȉǽ ȏȐȎȒȎȋȎǾȘȒȆ ȓȆȑ ȏȄȐȈȎȖǽȑ ȋȄȊǼȓȆȑ ȋȄ ȓȈȑ ȀȌȇȐȝȏȈȌȄȑ ȏȈǼȒȄȈȑ 

ȝȒȓȄ ȌȀ ȄȉȓȈȋȆȇȄǾ Ȇ ȀȌǻȂȉȆ ȊǽȗȆȑ ȋǼȓȐȘȌ ȂȈȀ ȓȎȌ ȋȄȓȐȈȀȒȋț ȉȀȈ ȓȆȌ 

ȏȐȎȒȀȐȋȎȂǽ ȒȓȆȌ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ. 
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Abstract  
 

The research deals with the hydrological simulation of the Koiliaris  

River Basin and the assessment of the socio -economic impacts on its 

management, for two future periods (2030 to 2050 and 2070 to 2090). 

The present study evaluates the flow originating from the surface runoff 

of the Koiliaris river as well as the flow fro m the karst springs of Stylos 

and Armenoi, incorporating the extended area of the municipality of 

Apokoronas in the simulation. Initially, the water needs of the area are 

calculated based on collected socio -economic data, which include 

demographic data, la nd uses, livestock, tourism, and water use 

permits. Then, the GIS -based hydrological model Soil and Water 

Assessment Tool (SWAT) is used, along with the karst model (Karst ð 

SWAT) to assess the flow of the karst springs in the area. For the 

calibration and  verification of the model for the historical period 2004 

to 2018, rainfall and temperature data from stations in the area are 

used in combination with daily river flow data. The evaluation of the 

model is performed using statistical indicators. The calibr ated model is 

used to estimate the impact of climate change on the basinõs water 

balance for the two future periods under an adverse climate change 

scenario. For each future period, the estimated water supply is 

compared with the water needs of the area, t aking into account the 

uncertainty due to the climatic scenario, to determine whether there 

will be periods of water deficit. The research combines the hydrological 

simulation of the study area with human pressures to assess the need 

for mitigation and ada ptation to climate change.  
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1. ǥȈȒȀȂȘȂǽ  
 

ǳȎ ȌȄȐț ȉȀȊȜȏȓȄȈ ȓȎ 70% ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ ȓȎȔ ȏȊȀȌǽȓȆ ȋȀȑ, ȂȄȂȎȌțȑ 

ȓȎ ȎȏȎǾȎ ȋȀȑ ȎȃȆȂȄǾ ȌȀ ȓȎ ȇȄȘȐȎȜȋȄ ȃȄȃȎȋǼȌȎ. ǥȌȓȎȜȓȎȈȑ ȋțȌȎ ȓȎ 2,5% 

ȓȆȑ ȒȔȌȎȊȈȉǽȑ ȏȎȒțȓȆȓȀȑ ȓȎȔ ȌȄȐȎȜ ȄǾȌȀȈ ȂȊȔȉț ȉȀȈ Ȇ ȉȀȓȀȌȎȋǽ ȓȎȔ 

ȏȎȈȉǾȊȄȈ ȀȌǻ ȏȄȐȈȎȖǽ. ǳȎ ȌȄȐț ȀȌȀȌȄȝȌȄȓȀȈ ȋǼȒȘ ȓȎȔ ȔȃȐȎȊȎȂȈȉȎȜ 

ȉȜȉȊȎȔ, ȘȒȓțȒȎ Ȏ ȀȌȇȐȝȏȈȌȎȑ ȏȀȐǻȂȎȌȓȀȑ ȀȒȉȄǾ ȒȎȁȀȐǼȑ ȏȈǼȒȄȈȑ ȏȎȔ 

ȄȏȆȐȄǻȅȎȔȌ ȓȀ ȔȃȀȓȈȉǻ ȒȔȒȓǽȋȀȓȀ.  

ǯȈ ȎȊȎǼȌȀ ȉȀȈ ȋȄȂȀȊȜȓȄȐȄȑ ȏȐȎȉȊǽȒȄȈȑ ȏȎȔ ȀȌȓȈȋȄȓȘȏǾȅȎȌȓȀȈ 

ȏȀȂȉȎȒȋǾȘȑ ȒȓȎ ȏȊȀǾȒȈȎ ȓȆȑ ȏȐȎȒȏǻȇȄȈȀȑ ȂȈȀ ȎȈȉȎȌȎȋȈȉǽ ȉȀȈ ȉȎȈȌȘȌȈȉǽ 

ȀȌǻȏȓȔȍȆ ȒȔȖȌǻ ȒȔȌȃǼȎȌȓȀȈ ȋȄ ȏȐȎȁȊǽȋȀȓȀ ȒȓȆ ȃȈȀȖȄǾȐȈȒȆ ȓȘȌ 

ȃȈȀȇǼȒȈȋȘȌ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ. ǧ ǼȊȊȄȈȗȆ ȌȄȐȎȜ, Ȇ ȏȄȐȈȁȀȊȊȎȌȓȈȉǽ 

ȔȏȎȁǻȇȋȈȒȆ, ȎȈ ȄȏȈȏȓȝȒȄȈȑ ȀȉȐȀǾȘȌ ȕȀȈȌȎȋǼȌȘȌ, țȏȘȑ ȎȈ ȏȊȆȋȋȜȐȄȑ ȉȀȈ 

ȎȈ ȍȆȐȀȒǾȄȑ ȉȀȈ ȎȈ ȋȀȉȐȎȏȐțȇȄȒȋȄȑ ȄȏȈȏȓȝȒȄȈȑ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ 

ȀȏȎȓȄȊȎȜȌ ȏȀȂȉțȒȋȈȀ ȏȐȎȁȊǽȋȀȓȀ ȏȎȔ ȀȏȀȈȓȎȜȌ ǻȋȄȒȆ ȃȐǻȒȆ ȉȀȈ 

ȒȖȄȃȈȀȒȋț ȉȀȓǻȊȊȆȊȘȌ ȏȎȊȈȓȈȉȝȌ ȄȌȄȐȂȄȈȝȌ ȉȀȈ ȋǼȓȐȘȌ. 

ǧ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȀȏȎȓȄȊȄǾ ȋǾȀ Ȁȏț ȓȈȑ ȉȔȐȈțȓȄȐȄȑ ȏȀȂȉțȒȋȈȄȑ 

ȀȏȄȈȊǼȑ, ȎȈ ȄȏȈȏȓȝȒȄȈȑ ȓȆȑ ȎȏȎǾȀȑ, ȄǾȌȀȈ ǽȃȆ ȎȐȀȓǼȑ ȒȄ țȊȎ ȓȎȌ ȏȊȀȌǽȓȆ 

ȉȀȈ ȀȌȀȋǼȌȄȓȀȈ ȌȀ ȂǾȌȎȔȌ ȏȈȎ ȀȈȒȇȆȓǼȑ ȒȓȎ ȋǼȊȊȎȌ. ǲȔȂȉȄȉȐȈȋǼȌȀ, 

ȀȏțȐȐȎȈȀ ȓȆȑ ȄȏǾȃȐȀȒȆȑ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȒȓȎȌ ȔȃȐȎȊȎȂȈȉț ȉȜȉȊȎ 

ȀȏȎȓȄȊȎȜȌ Ȇ ȀȔȍȀȌțȋȄȌȆ ȏȄȐȈȄȉȓȈȉțȓȆȓȀ ȓȎȔ ȄȍȀȓȋȈȅțȋȄȌȎȔ ȌȄȐȎȜ, ȎȈ 

ȀȊȊȀȂǼȑ ȒȓȆȌ ȒȔȖȌțȓȆȓȀ ȓȘȌ ȁȐȎȖȎȏȓȝȒȄȘȌ, Ȇ ȋȄǾȘȒȆ ȓȆȑ ȖȈȎȌȎȉǻȊȔȗȆȑ 

ȉȀȈ Ȇ ȓǽȍȆ ȓȘȌ ȏǻȂȘȌ, ȉȀȇȝȑ ȉȀȈ ȎȈ ȀȊȊȀȂǼȑ ȒȓȆȌ ȔȂȐȀȒǾȀ ȓȎȔ ȄȃǻȕȎȔȑ.  

ǬȄȊǼȓȄȑ ȃȄȈȉȓȝȌ ȀȉȐȀǾȘȌ ȉȊȈȋȀȓȈȉȝȌ ȒȔȌȇȆȉȝȌ ȀȌȀȕǼȐȎȔȌ 

ȋȄȓȀȁȎȊǼȑ ȉȔȐǾȘȑ ȒȓȈȑ ȇȄȐȈȌǼȑ ȇȄȐȋȎȉȐȀȒǾȄȑ, țȏȎȔ ȓțȒȎ ȎȈ ȄȊǻȖȈȒȓȄȑ ȀȊȊǻ 

ȉȀȈ ȎȈ ȋǼȂȈȒȓȄȑ ȀȉȐȀǾȄȑ ȇȄȐȋȎȉȐȀȒǾȄȑ ȏȀȐȎȔȒȈǻȅȎȔȌ ȒȆȋȀȌȓȈȉǼȑ 

ȀȔȍȆȓȈȉǼȑ ȓǻȒȄȈȑ. ǲȖȄȓȈȉǼȑ ȋȄȊǼȓȄȑ ǼȖȎȔȌ ȃȄǾȍȄȈ țȓȈ Ȇ ǬȄȒȎȂȄȈȀȉǽ ȅȝȌȆ 

ȓȄǾȌȄȈ ȌȀ ȀȌȓȈȋȄȓȘȏǾȒȄȈ ǼȌȀ ȇȄȐȋțȓȄȐȎ ȉȊǾȋȀ ȋȄ ȊȈȂțȓȄȐȆ ȒȔȌȎȊȈȉǽ 

ȁȐȎȖțȏȓȘȒȆ, ȀȊȊǻ ȋȄ ȇȄȓȈȉǼȑ ȓǻȒȄȈȑ ȒȓȀ ȄȏȄȈȒțȃȈȀ ȐȀȂȃȀǾȀȑ ȆȋȄȐǽȒȈȀȑ 

ȁȐȎȖțȏȓȘȒȆȑ (Giannakopoulos  et al ., 2005) . 

ǪȜȐȈȄȑ ȏȆȂǼȑ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ ȀȏȎȓȄȊȎȜȌ Ȇ ȁȐȎȖțȏȓȘȒȆ, ȓȀ 

ȔȏțȂȄȈȀ ȜȃȀȓȀ, ȓȎ ȌȄȐț Ȁȏț ȓȀ ȏȎȓǻȋȈȀ, ȊǾȋȌȄȑ ȉȀȈ ȕȐǻȂȋȀȓȀ. ǧ 

ȁȐȎȖțȏȓȘȒȆ ȄǾȌȀȈ Ȏ ȉȜȐȈȎȑ ȏȀȐǻȂȎȌȓȀȑ ȏȎȔ ȓȐȎȕȎȃȎȓȄǾ țȊȄȑ ȓȈȑ ȏȆȂǼȑ ȉȀȈ 

ȂȈõ ȀȔȓț ȓȎ ȊțȂȎ ȋȄǾȘȒȆ ȒȓȆ ȁȐȎȖțȏȓȘȒȆ ȊțȂȘ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȇȀ 

ȄȏȆȐȄǻȒȄȈ ȉȀȈ ȓȀ ȔȃȀȓȈȉǻ ȀȏȎȇǼȋȀȓȀ,  

ǧ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȄȏȆȐȄǻȅȄȈ ȏȎȊȊȎȜȑ ȎȈȉȎȌȎȋȈȉȎȜȑ ȓȎȋȄǾȑ, ȋȄ ȓȆ 

ȂȄȘȐȂǾȀ ȌȀ ȀȏȎȓȄȊȄǾ ǼȌȀȌ Ȁȏț ȓȎȔȑ ȏȈȎ ȄȉȓȄȇȄȈȋǼȌȎȔȑ, ȉȀȇȝȑ ȄȍȀȐȓǻȓȀȈ 

ǻȋȄȒȀ Ȁȏț ȉȊȈȋȀȓȈȉȎȜȑ ȏȀȐǻȂȎȌȓȄȑ țȏȘȑ ȓȆ ȇȄȐȋȎȉȐȀȒǾȀ, ȓȆȌ 

ȆȊȈȎȕǻȌȄȈȀ ȉȀȈ ȓȆ ȁȐȎȖțȏȓȘȒȆ ȂȈȀ ȓȆ ȁȈȘȒȈȋțȓȆȓǻ ȓȆȑ. ǳȎ ȏȐțȁȊȆȋȀ ȀȔȓț 

ȄȏȆȐȄǻȅȄȈ ǼȋȋȄȒȀ ȓȆȌ ȉȎȈȌȘȌǾȀ ȉȀȈ ȀȏȀȈȓȄǾ ȓțȒȎ ȈȒȖȔȐǽ ȃȈȄȏȈȒȓȆȋȎȌȈȉǽ 

ȁǻȒȆ ȂȌȝȒȆȑ ȂȈȀ ȓȆȌ ȀȌȓȈȋȄȓȝȏȈȒȆ ȉȀȈ ȃȆȋȈȎȔȐȂǾȀ ȏȎȊȈȓȈȉǽȑ ȉȀȈ ǻȊȊȘȌ 

ȃȐǻȒȄȘȌ ȝȒȓȄ ȌȀ ȉȀȊȜȏȓȎȔȌ țȊȎ ȓȎ ȕǻȒȋȀ ȓȘȌ ȕȔȒȈȉȝȌ ȄȏȈȒȓȆȋȝȌ, ȓȘȌ 

ȉȎȈȌȘȌȈȉȝȌ ȄȏȈȒȓȆȋȝȌ ȉȀȈ ȓȘȌ ȀȌȇȐȘȏȈȒȓȈȉȝȌ ȄȏȈȒȓȆȋȝȌ(Chen et al., 

2020) . 
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ǧ ȋȆ ȎȐȇȎȊȎȂȈȉǽ ȖȐǽȒȆ ȌȄȐȎȜ ȏȄȐȈȎȐǾȅȄȈ ȒȆȋȀȌȓȈȉǻ ȓȈȑ 

ȃȔȌȀȓțȓȆȓȄȑ ȂȈȀ ȀȌǻȏȓȔȍȆ. ǲȓțȖȎȑ ȓȆȑ ȃȈȏȊȘȋȀȓȈȉǽȑ ȄȐȂȀȒǾȀȑ ȄǾȌȀȈ Ȏ 

ȒȔȌȔȏȎȊȎȂȈȒȋțȑ ȓȘȌ ȔȃȀȓȈȉȝȌ ȀȌȀȂȉȝȌ ȓȆȑ ȏȄȐȈȎȖǽȑ ȓȎȔ ǤǽȋȎȔ 

ǡȏȎȉȎȐȝȌȎȔ ȒȓȀ ȒȄȌǻȐȈȀ ȉȊȈȋȀȓȈȉǼȑ ȀȊȊȀȂǽȑ. ǳȀ ȉȎȈȌȘȌȈȉȎ-ȎȈȉȎȌȎÕȈȉǻ 

ȒȄȌǻȐȈȀ ȀȏȎȓȄȊȎȜȌ ȒȆȋȀȌȓȈȉț ȄȐȂȀȊȄǾȎ ȂȈȀ ȓȆȌ ȃȈȄȐȄȜȌȆȒȆ ȓȘȌ 

ȋȀȉȐȎȏȐțȇȄȒȋȘȌ ȒȔȌȄȏȄȈȝȌ ȓȆȑ ȀȌȇȐȘȏȎȂȄȌȎȜȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȉȀȈ 

ȓȘȌ ȃȈȀȇǼȒȈȋȘȌ ȄȏȈȊȎȂȝȌ. ǳȀ Shared socio -economic pathways  ȄǾȌȀȈ 

ȒȄȌǻȐȈȀ ȀȌǻȏȓȔȍȆȑ ÕȄ ȖȐǽȒȆ ȉȎȈȌȘȌȈȉȎ-ȎȈȉȎȌȎÕȈȉȝȌ ȃȄȃȎȋǼȌȘȌ ȒȄ ȓȎȏȈȉț 

ȄȏǾȏȄȃȎ ȏȎȔ ȄȒȓȈǻȅȎȔȌ ȒȓȎȌ ȋȄȓȐȈȀȒȋț ȉȀȈ ȒȓȆȌ ȏȐȎȒȀȐȋȎȂǽ ȒȓȆȌ 

ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ. ǥǾȌȀȈ ȊȎȈȏțȌ ȒȄȌǻȐȈȀ ȀȌǻȏȓȔȍȆȑ ȏȎȔ ȄȌȒȘȋȀȓȝȌȎȔȌ 

ȏȎȈȎȓȈȉǼȑ ȉȀȈ ȏȎȒȎȓȈȉǼȑ ȏȊȆȐȎȕȎȐǾȄȑ țȏȘȑ ȃȆȋȎȂȐȀȕȈȉǻ ȒȓȎȈȖȄǾȀ, 

ȖȐǽȒȄȈȑ ȂȆȑ, ȎȈ ȎȏȎǾȄȑ ȉȀȇȎȐǾȅȎȔȌ ǼȋȋȄȒȀ ȓȈȑ ȋȄȊȊȎȌȓȈȉǼȑ ȀȊȊȀȂǼȑ ȒȓȈȑ 

ȏȀȐȀȋǼȓȐȎȔȑ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ. 

 ǲȓȆ ȋȄȊǼȓȆ ȀȔȓǽ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ȋȎȌȓȄȊȎȏȎǾȆȒȆ ȓȎȔ ȔȃȀȓȈȉȎȜ 

ȈȒȎȅȔȂǾȎȔ ȓȆȑ ȄȔȐȜȓȄȐȆȑ ȊȄȉǻȌȆȑ ȀȏȎȐȐȎǽȑ ȓȎȔ ȏȎȓȀȋȎȜ ǪȎȈȊȈǻȐȆ 

(ȄȏȈȕȀȌȄȈȀȉǻ ȜȃȀȓȀ ȉȀȈ ȉȀȐȒȓȈȉǼȑ ȏȆȂǼȑ). ǚȏȄȈȓȀ ȄȕȀȐȋțȅȄȓȀȈ ǼȌȀ 

ȃȔȒȋȄȌǼȑ ȒȄȌǻȐȈȎ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȂȈȀ ȃȜȎ ȋȄȊȊȎȌȓȈȉǼȑ ȏȄȐȈțȃȎȔȑ 

(2030 ð 2050  ȉȀȈ 2070 ð 2090 ) ȉȀȈ ȂǾȌȄȓȀȈ ȒȜȂȉȐȈȒȆ ȓȘȌ ȋȄȊȊȎȌȓȈȉȝȌ 

ȔȃȀȓȈȉȝȌ ȀȏȎȇȄȋǻȓȘȌ ȋȄ ȓȈȑ ȔȃȀȓȈȉǼȑ ȀȌǻȂȉȄȑ ȓȆȑ ȏȄȐȈȎȖǽȑ. ǳǼȊȎȑ 

ȒȔȌȔȏȎȊȎȂǾȅȎȌȓȀȑ ȒȔȌȓȄȊȄȒȓǽ ȀȁȄȁȀȈțȓȆȓȀȑ ȊțȂȘ ȉȊȈȋȀȓȈȉȎȜ ȒȄȌȀȐǾȎȔ 

(Nerantzaki et al., 2020)  ȒȔȂȉȐǾȌȄȓȀȈ Ȇ ȀȊȊȀȂǽ ȒȓȆ ȒȔȖȌțȓȆȓȀ ȓȘȌ 

ȄȊȊȄȈȋȋȀȓȈȉȝȌ ȏȄȐȈțȃȘȌ. ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȔȏȎȃȄȈȉȌȜȎȔȌ ȓȆȌ ȀȌǻȂȉȆ 

ȊǽȗȆȑ ȋǼȓȐȘȌ ȋȄȓȐȈȀȒȋȎȜ ȉȀȈ ȏȐȎȒȀȐȋȎȂǽȑ ȒȓȆȌ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȂȈȀ 

ȓȆȌ ȏȄȐȈȎȖǽ ȋȄȓǻ ȓȎ 2070. 

ǲȓȎ ȉȄȕǻȊȀȈȎ 2 ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȓȎ ȇȄȘȐȆȓȈȉț ȔȏțȁȀȇȐȎ ȓȘȌ ȁȀȒȈȉȝȌ 

ȄȌȌȎȈȝȌ ȉȀȇȝȑ ȉȀȈ ȓȘȌ ȔȃȐȎȊȎȂȈȉȝȌ ȋȎȌȓǼȊȘȌ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ. 

ǲȓȎ ȉȄȕǻȊȀȈȎ 3 ȂǾȌȄȓȀȈ ȀȌȀȕȎȐǻ ȒȓȆȌ ȏȄȐȈȎȖǽ ȋȄȊǼȓȆȑ ȉȀȈ ȓȀ 

ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ ȓȆȑ ȉȀȇȝȑ ȉȀȈ ȒȓȀ ȉȎȈȌȘȌȈȉț-ȎȈȉȎȌȎȋȈȉǻ ȃȄȃȎȋǼȌȀ ȉȀȈ 

ȓȈȑ ȓǻȒȄȈȑ ȓȎȔȑ. ǲȓȎ ȉȄȕǻȊȀȈȎ 4 ȔȏȎȊȎȂǾȅȎȌȓȀȈ ȎȈ ȔȃȀȓȈȉǼȑ ȀȌǻȂȉȄȑ ȓȈȑ 

ȏȄȐȈȎȖǽȑ ȁǻȒȄȈ ȓȘȌ ȃȄȃȎȋǼȌȘȌ. ǲȓȎ ȉȄȕǻȊȀȈȎ 5 ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȓȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȆȑ ȋȎȌȓȄȊȎȏȎǾȆȒȆȑ ȓȆȑ ȊȄȉǻȌȆȑ ȀȏȎȐȐȎǽȑ, ȓȀ 

ȀȏȎȓȄȊǼȒȋȀȓȀ ȓȘȌ ȉȊȈȋȀȓȈȉȝȌ ȒȄȌȀȐǾȘȌ ȉȀȈ Ȇ ȒȜȂȉȐȈȒȆ ȓȎȔȑ ȋȄ ȓȀ 

ȔȃȀȓȈȉǼȑ ȀȌǻȂȉȄȑ. ǲȓȎ ȉȄȕǻȊȀȈȎ 6 ȂǾȌȄȓȀȈ ȀȌȀȒȉțȏȆȒȆ ȓȆȑ ȋȄȊǼȓȆȑ ȉȀȈ 

ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ. ǳǼȊȎȑ, ȒȓȎ ǰȀȐǻȐȓȆȋȀ ȁȐǾȒȉȎȌȓȀȈ țȊȀ ȓȀ ȉȎȈȌȘȌȈȉț-

ȎȈȉȎȌȎȋȈȉǻ ȃȄȃȎȋǼȌȀ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ.  
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2. ǨȄȘȐȆȓȈȉț ȔȏțȁȀȇȐȎ 
 

2.1 ǤȈȀȖȄǾȐȈȒȆ ǴȃȀȓȈȉȝȌ ǰțȐȘȌ 
 

ǳțȒȎ ȎȈ ǻȌȇȐȘȏȎȈ țȒȎ ȉȀȈ Ȇ ȎȈȉȎȌȎȋǾȀ ȄȏȘȕȄȊȄǾȓȀȈ Ȅȃȝ ȉȀȈ ȏȎȊȊȎȜȑ 

ȀȈȝȌȄȑ Ȁȏț ȓȎȔȑ ȔȃȀȓȈȉȎȜȑ ȏțȐȎȔȑ. ǳȀ ȎȕǼȊȆ ȄǾȌȀȈ ȏȎȊȊǻ. ǸȒȓțȒȎ ȒȄ 

ȏȎȊȊǼȑ ȏȄȐȈȎȖǼȑ ȓȎȔ ȉțȒȋȎȔ ȎȈ ȔȃȀȓȈȉȎǾ ȏțȐȎȈ ȃȄȌ ȄǾȌȀȈ ȄȏȀȐȉȄǾȑ ȎȜȓȄ ȂȈȀ 

ȌȀ ȉȀȊȜȗȎȔȌ ȓȈȑ ȁȀȒȈȉǼȑ ȀȌǻȂȉȄȑ ȓȘȌ ȀȌȇȐȝȏȘȌ. ǲȔȌǽȇȄȈȑ ȀȈȓǾȄȑ ȂȈȀ ȓȎ 

ȕȀȈȌțȋȄȌȎ ȀȔȓț ȄǾȌȀȈ ȎȈ ȀȌȄȏȀȐȉȄǾȑ ȉȀȈ ȔȏȎȁȀȇȋȈȒȋǼȌȄȑ ȃȎȋǼȑ, Ȇ 

ȔȏȄȐȁȎȊȈȉǽ ȀȌǻȊȆȗȆ ȌȄȐȎȜ Ȁȏț ȏȎȓȀȋȎȜȑ, Ȇ ȐȜȏȀȌȒȆ Ȁȏț ȁȈȎȋȆȖȀȌȈȉǼȑ 

ȉȀȈ ȂȄȘȐȂȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ, ȎȈ ȏȊȆȋȋȜȐȄȑ, Ȇ ȀȊȊȎǾȘȒȆ ȄȌȃȈȀȈȓȆȋǻȓȘȌ 

Ȁȏț ȀȌȀȏȓȔȍȈȀȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȉ.Ȁ. (Loucks and van Beek, 2017) . 

ǬȄ ȓȆȌ ȄǾȒȎȃȎ ȒȓȎȌ 21Ȏ ȀȈȝȌȀ ȓȀ ȏȐȎȁȊǽȋȀȓȀ ȀȔȍǻȌȎȌȓȀȈ ȉȀȇȝȑ 

ȒȓȆȌ ǼȊȊȄȈȗȆ ȌȄȐȎȜ ǼȐȖȄȓȀȈ ȌȀ ȏȐȎȒȓȄȇȄǾ ȉȀȈ Ȇ ȔȏȎȁǻȇȋȈȒȆ ȓȎȔ 

ȏȄȐȈȁǻȊȊȎȌȓȎȑ Ȁȏț ȓȈȑ ȀȌȇȐȝȏȈȌȄȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ. ǲȓȎ ȋȄȒȎȂȄȈȀȉț ȖȝȐȎ 

ȉȀȈ ȈȃȈȀǾȓȄȐȀ ȒȓȀ ȌȆȒȈǻ, ȓȎ ȌȄȐț ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ÕȄ ÕȆ ȀȄȈȕțȐȎ ȓȐțȏȎ ȋȄ 

ȀȏȎȓǼȊȄȒȋȀ ȓȎ ȋȄȒȎȂȄȈȀȉț ȏȄȐȈȁǻȊȊȎȌ ȌȀ ȄǾȌȀȈ ȎȈȉȎȊȎȂȈȉǻ ȄȜȇȐȀȔȒȓȎ ȉȀȈ 

ȌȀ ȃȎȉȈȋǻȅȄȓȀȈ Ȁȏț ȓȈȑ ȄȏȈȉȐȀȓȎȜȒȄȑ ȉȎȈȌȘȌȈȉǼȑ ȉȀȈ ȎȈȉȎȌȎȋȈȉǼȑ ȓǻȒȄȈȑ 

(Choukr -Allah et al., 2012) . ǳȎ ȋǼȊȊȎȌ ȓȎȔ ǬȄȒȎȂȄȈȀȉȎȜ ȖȝȐȎȔ 

ȀȏȄȈȊȄǾȓȀȈ Ȁȏț ȓȆȌ ȀȔȍȀȌțȋȄȌȆ ȏǾȄȒȆ ȒȓȆȑ ȏȀȐǻȉȓȈȄȑ ȏȄȐȈȎȖǼȑ ȏȎȔ 

ȏȐȎǼȐȖȄȓȀȈ Ȁȏț ȓȆȌ ȒȔȌȄȖǽ ǻȋȁȊȔȌȒȆ ȓȘȌ ȃȈȀȕȎȐȝȌ ȋȄȓȀȍȜ ȓȎȔȐȈȒȓȈȉȝȌ 

ȉȀȈ ȀȂȐȎȓȈȉȝȌ ȏȄȐȈȎȖȝȌ ȉȀȈ Ȁȏț ȓȈȑ ȒȆȋȀȌȓȈȉǼȑ ȀȊȊȆȊȄȍȀȐȓǽȒȄȈȑ ȓȎȔȑ 

ȒȓȎȔȑ ȔȃȀȓȈȉȎȜȑ ȏțȐȎȔȑ, Ȁȏț ȔȗȆȊǽ ȄȔȀȈȒȇȆȒǾȀ ȒȓȆ ȐȜȏȀȌȒȆ ȉȀȈ Ȁȏț 

ȓȆȌ ȄȜȉȎȊȀ ȀȌȀȓȐȄȏțȋȄȌȆ ȈȒȎȐȐȎȏǾȀ ȋȄȓȀȍȜ ȌȄȐȎȜ ȉȀȈ ȄȃǻȕȎȔȑ (ȀȏțȇȄȒȆ 

ȈȅȆȋǻȓȘȌ ȒȓȎȔȑ ȓȀȋȈȄȔȓǽȐȄȑ, ȒȓȀȇȄȐțȓȆȓȀ țȖȇȆȑ ȏȎȓȀȋȝȌ). ǧ ȏȊȄȈȎȌțȓȆȓȀ 

ȓȎȔ ȏȊȆȇȔȒȋȎȜ ȄǾȌȀȈ ȒȔȂȉȄȌȓȐȘȋǼȌȆ ȒȓȈȑ ȏȀȐǻȉȓȈȄȑ ȅȝȌȄȑ ȉȀȈ Ȏ 

ȀȔȍȀȌțȋȄȌȎȑ ȓȎȔȐȈȒȋțȑ ȏȐȎȉȀȊȄǾ ǼȌȓȎȌȆ ȄȏȎȖȈȀȉǽ ȅǽȓȆȒȆ ȒȄ ȌȄȐț. Ǹȑ Ȅȉ 

ȓȎȜȓȘȌ Ȇ ȀȌȈȒȎȉȀȓȀȌȎȋǽ ȓȆȑ ȅǽȓȆȒȆȑ ȓȎȔ ȌȄȐȎȜ ȓțȒȎ ȒȓȎ ȖȝȐȎ țȒȎ ȉȀȈ ȒȓȎ 

ȖȐțȌȎ ȀȔȍǻȌȄȈ ȈȃȈȀǾȓȄȐȀ ȓȎ ȉțȒȓȎȑ ȉǻȊȔȗȆȑ ȓȘȌ ȀȌȀȂȉȝȌ (Benedini and 

International Symposium on the Application of Systems Analysis to 

Water Resources Management, 1992) . ǝȊȎȈ ȎȈ ȏȀȐǻȂȎȌȓȄȑ ȀȔȓȎǾ 

ȄȏȈȁǻȊȊȎȔȌ ȓȆȌ ȄȕȀȐȋȎȂǽ ȏȐȎȊȆȏȓȈȉȎȜ ȒȖȄȃȈȀȒȋȎȜ ȉȀȈ ȃȈȀȖȄǾȐȈȒȆȑ ȉȀȈ 

țȖȈ ȓȆȌ ȀȌȀȋȎȌǽ ȄȋȕǻȌȈȒǽȑ ǼȌȓȎȌȘȌ ȕȀȈȌȎȋǼȌȘȌ ȐȜȏȀȌȒȆȑ, ȃȈǻȁȐȘȒȆȑ 

ȉȀȈ ǼȊȊȄȈȗȆȑ ȌȄȐȎȜ. 

Ǹȑ ȃȈȀȖȄǾȐȈȒȆ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ (ǤǴǰ) ȌȎȄǾȓȀȈ ȋǾȀ ȃȔȌȀȋȈȉǽ 

ȃȈȀȃȈȉȀȒǾȀ ȏȎȔ ȀȏȎȁȊǼȏȄȈ ȒȓȆȌ ȏȊȆȐǼȒȓȄȐȆ ȃȔȌȀȓǽ ȉǻȊȔȗȆ ȓȘȌ 

ȒȆȋȄȐȈȌȝȌ ȉȀȈ ÕȋȄȊȊȎȌȓȈȉȝȌ ȀȌȀȂȉȝȌ, ȂȈȀ ȉǻȇȄ ȖȐǽȒȆ ÕȄ ȁǻȒȆ ǼȌȀ 

ȎȐȇȎȊȎȂȈȉț ȏȐȎȂȐȀȋȋȀȓȈȒȋț ȏȎȔ ȒȓȆȐǾȅȄȓȀȈ ȒȄ ȀȌȓȈȉȄȈȋȄȌȈȉǻ ȉȐȈȓǽȐȈȀ 

ȉȀȈ ȃȈȀȃȈȉȀȒǾȄȑ ȄȍȀȒȕȀȊǾȅȎȌȓȀȑ ȏȀȐǻȊȊȆȊȀ ȓȆ ȃȈȀȓǽȐȆȒȆ ȓȘȌ ȏțȐȘȌ ȉȀȈ 

ȓȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ. ǥȏȎȋǼȌȘȑ Ȇ ȃȈȀȖȄǾȐȈȒȆ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ ȄȓȎȈȋǻȅȄȈ 

ȒȖǼȃȈȀ ȏȎȔ ȄȍȀȒȕȀȊǾȅȎȔȌ ȓȆȌ ȁǼȊȓȈȒȓȆ ȖȐǽȒȆ ȓȎȔ ȌȄȐȎȜ ȒǽȋȄȐȀ ȀȊȊǻ ȉȀȈ 

ȒȓȎ ȋǼȊȊȎȌ (Dyck , 1990) . ǪȜȐȈȎȈ ȒȓțȖȎȈ ȒȓȆȌ ǤǴǰ ȄǾȌȀȈ Ȇ ȋȄǾȘȒȆ ȓȘȌ 

ȀȐȌȆȓȈȉȝȌ ȄȏȈȏȓȝȒȄȘȌ ȓȘȌ ȍȆȐȀȒȈȝȌ, ȏȊȆȋȋȔȐȝȌ ȉȀȈ ȓȆȑ ȔȏǼȐȋȄȓȐȆȑ 

ȐȜȏȀȌȒȆȑ.  
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ǘȊȊȎȈ ȊțȂȎȈ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȓȆȌ ȓȀȔȓȎȏȎǾȆȒȆ ȉȀȈ ȀȍȈȎȊțȂȆȒȆ 

ȄȌȀȊȊȀȉȓȈȉȝȌ ȋǼȓȐȘȌ ȓȀ ȎȏȎǾȀ ȋȏȎȐȎȜȌ ȌȀ ȀȔȍǽȒȎȔȌ ȓȈȑ ȃȈȀȇǼȒȈȋȄȑ 

ȀȍȈȎȏȎȈǽȒȈȋȄȑ ȔȃȀȓȈȉǼȑ ȏȀȐȎȖǼȑ ȉȀȈ ȌȀ ȁȄȊȓȈȝȒȎȔȌ ȓȆȌ ȏȎȈțȓȆȓȀ ȓȘȌ 

ȔȃǻȓȘȌ ȉȀȈ ȓȎȔ ȔȃȐțȁȈȎȔ ȎȈȉȎȒȔȒȓǽȋȀȓȎȑ. ǬȏȎȐȄǾ ȉǻȏȎȈȎȑ ȊȎȈȏțȌ ȌȀ 

ȃȈȀȖȘȐǾȒȄȈ ȃȜȎ ȉȀȓȆȂȎȐǾȄȑ ȃȐȀȒȓȆȐȈȎȓǽȓȘȌ ȏȎȔ ȀȕȎȐȎȜȌ ȓȎȔȑ ȔȃȀȓȈȉȎȜȑ 

ȏțȐȎȔȑ. ǧ ȏȐȝȓȆ ȉȀȓȆȂȎȐǾȀ ȀȌȀȕǼȐȄȓȀȈ ȒȓȀ ǼȐȂȀ ȀȌǻȏȓȔȍȆȑ ȔȃȀȓȈȉȝȌ 

ȏțȐȘȌ (ȃǾȉȓȔȀ ȔȃȐȄȜȒȄȘȑ, ȀȐȃȄȔȓȈȉǻ ǼȐȂȀ) ȉȀȇȝȑ ȉȀȈ ȒȓȀ ǼȐȂȀ 

ȃȈȀȓǽȐȆȒȆȑ ȉȀȈ ȄȊǼȂȖȎȔ ȓȘȌ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ (ȀȌȓȈȏȊȆÕÕȔȐȈȉǻ ǼȐȂȀ). ǧ 

ȃȄȜȓȄȐȆ ȉȀȓȆȂȎȐǾȀ ȀȕȎȐǻ ȒȓȆȌ ȃȈȀȖȄǾȐȈȒȆ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ ȂȈȀ ȓȆȌ 

ȄȍȀȒȕǻȊȈȒȆ ȓȆȑ ȁǼȊȓȈȒȓȆȑ ȖȐǽȒȆȑ ȒǽÕȄȐȀ ȀȊȊǻ ȉȀȈ ȒȓȎ ÕǼȊȊȎȌ (Goodman 

and Major, 1984) . 

ǡȌȓȈȏȊȆȋȋȔȐȈȉǻ ǼȐȂȀ ȂǾȌȎȌȓȀȈ ȃȈțȓȈ ȉȀȓȀȒȓȐȎȕǼȑ ȒȓȀ ȏȎȓǻȋȈȀ ȏȎȔ 

ȎȕȄǾȊȎȌȓȀȈ ȒȓȈȑ ȏȊȆȋȋȜȐȄȑ ȄǾȌȀȈ ȊțȂȘ ȓȎȔ țȓȈ ȓȀ ȏȐȀȌǽ ȃȄȌ ȄǾȌȀȈ ȕȔȒȈȉǻ 

ȒȖȄȃȈȀȒȋǼȌȀ ȂȈȀ ȌȀ ȀȌȓǼȍȎȔȌ ȏȊȆȋȋȔȐȈȉǼȑ ȏȀȐȎȖǼȑ ÕȄ ȀȏȎȓǼȊȄȒȋȀ ȓȆȌ 

ȀȒȓȎȖǾȀ ȓȎȔȑ. ǧ ȃȈǻȁȐȘȒȆ ȓȆȑ ȏȀȐțȖȇȈȀȑ ȅȝȌȆȑ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȒȎȁȀȐț 

ȏȐțȁȊȆȋȀ ȄȈȃȈȉǻ țȓȀȌ ȔȏǻȐȖȎȔȌ ȉȎȌȓǻ ȉȀȓȎȈȉǽȒȈȋǼȑ ȏȄȐȈȎȖǼȑ. ǲȄ ȀȔȓǽ 

ȓȆȌ ȏȄȐǾȏȓȘȒȆ ȋȏȎȐȎȜȌ ȌȀ ȄȕȀȐȋȎȒȓȎȜȌ ȃȈǻȕȎȐȀ ȒȄȌǻȐȈȀ ȋȄȊȊȎȌȓȈȉǽȑ 

ȀȌǻȏȓȔȍȆȑ, ȃȎȋȈȉǻ ȉȀȈ ÕȆ, ȒȖȄȓȈȅțȋȄȌȀ ǻȋȄȒȀ ÕȄ ȓȎȔȑ ȔȃȀȓȈȉȎȜȑ ȏțȐȎȔȑ 

(Hall and Dracup, 1970) . 

ǧ ȀȌǻȂȉȆ ȂȈȀ țȊȎ ȉȀȈ ȋȄȂȀȊȜȓȄȐȆ ȀȍȈȎȏȎǾȆȒȆ ȓȘȌ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ 

ȏȐȎȉȜȏȓȄȈ Ȁȏț ȓȆȌ ȀȜȍȆȒȆ ȓȎȔ ȏȊȆȇȔȒȋȎȜ ȉȀȈ ȓȈȑ ȃȈȀȐȉȝȑ ȀȔȍȀȌțȋȄȌȄȑ 

ȀȌǻȂȉȄȑ ȒȄ ȌȄȐț ȉȀȈ ȓȐȎȕǽ ȀȊȊǻ ȉȀȈ Ȁȏț ȓȆȌ ȀȌǻȏȓȔȍȆ ȏȎȔ ȃȆȋȈȎȔȐȂȄǾ 

ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȉȀȈ ȄȏȎȋǼȌȘȑ ȀȌǻȂȉȆ ȂȈȀ ȋȄȂȀȊȜȓȄȐȄȑ ȏȎȒțȓȆȓȄȑ ȌȄȐȎȜ. 
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2.2 ǴȃȐȎȊȎȂȈȉțȑ ǪȜȉȊȎȑ 
 

ǳȎ ȌȄȐț ȒȓȆ ȂȆ ȔȏǻȐȖȄȈ ȒȄ ǼȌȀ ȖȝȐȎ ȏȎȔ ȎȌȎȋǻȅȄȓȀȈ ȔȃȐțȒȕȀȈȐȀ 

ȉȀȈ ȄȉȓȄǾȌȄȓȀȈ ȏȄȐǾȏȎȔ 15 ȖȈȊȈțȋȄȓȐȀ ȒȓȆȌ ȀȓȋțȒȕȀȈȐȀ ȉȀȈ ȒȄ ȏȄȐǾȏȎȔ 1 

ȖȈȊȈțȋȄȓȐȎ ȁǻȇȎȑ, ȒȓȆ ȊȈȇțȒȕȀȈȐȀ. ǳȎ ȌȄȐț ȉȔȉȊȎȕȎȐȄǾ ȒȓȆȌ ȔȃȐțȒȕȀȈȐȀ 

ȋǼȒȘ ȃȈȀȃȐȎȋȝȌ ȏȎȔ ȀȏȄȈȉȎȌǾȅȎȌȓȀȈ ȒȓȎȌ ȔȃȐȎȊȎȂȈȉț ȉȜȉȊȎ (ǥȈȉțȌȀ 2.1). 

ǯ ȉȜȉȊȎȑ ȃȄȌ ǼȖȄȈ ȀȐȖǽ ǽ ȓǼȊȎȑ ȉȀȈ ȏȎȊȊǼȑ ȃȈȀȃȈȉȀȒǾȄȑ ȓȎȔ ȒȔȋȁȀǾȌȎȔȌ 

ȒȔȌȄȖȝȑ (Chow  et al ., 1988) . 

ǯ ȔȃȐȎȊȎȂȈȉțȑ ȉȜȉȊȎȑ ȀȏȎȓȄȊȄǾ ȓȆ ȒȖȆȋȀȓȈȉǽ ȏȄȐȈȂȐȀȕǽ ȋȈȀȑ 

ȒȄȈȐǻȑ ȃȈȀȃȈȉȀȒȈȝȌ ȋȄ ȓȈȑ ȎȏȎǾȄȑ ȓȎ ȌȄȐț ȉȔȉȊȎȕȎȐȄǾ ȒȓȆȌ ȕȜȒȆ ȋȄȓȀȍȜ 

ȀȓȋțȒȕȀȈȐȀȑ, ȍȆȐǻȑ ȉȀȈ ȇǻȊȀȒȒȀȑ (ǥȈȉțȌȀ 2.2). ǲõ ȀȔȓǽ ȓȆȌ ȀȊȔȒǾȃȀ ȓȘȌ 

ȄȋȕȀȌǾȒȄȘȌ ȓȎ ȌȄȐț ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȋȄ țȊȄȑ ȓȈȑ ȏȈȇȀȌǼȑ ȉȀȓȀȒȓǻȒȄȈȑ, ȔȂȐț, 

ȀǼȐȈȎ (ȔȃȐȀȓȋțȑ), ȒȓȄȐȄț (ȖȈțȌȈ ǽ ȖȀȊǻȅȈ). ǲȓȆȌ ȀȓȋțȒȕȀȈȐȀ ȓȎ ȌȄȐț 

ȒȔȂȉȄȌȓȐȝȌȄȓȀȈ ȋȄ ȋȎȐȕǽ ȔȃȐȀȓȋȝȌ ȏȎȔ ȏȐȎǼȐȖȎȌȓȀȈ Ȁȏț ȓȆȌ ȄȍǻȓȋȈȒȆ 

ȓȎȔ ȌȄȐȎȜ Ȁȏț ȓȈȑ ȇǻȊȀȒȒȄȑ, ȊǾȋȌȄȑ, ȏȎȓȀȋȎȜȑ, ǼȃȀȕȎȑ, ȁȊǻȒȓȆȒȆ. ǯȈ 

ȔȃȐȀȓȋȎǾ ȋȄȓȀȕǼȐȎȌȓȀȈ Ȁȏț ȀǼȐȈȄȑ ȋǻȅȄȑ ȉȀȈ ȋȏȎȐȄǾ ȉǻȓȘ Ȁȏț 

ȉȀȓǻȊȊȆȊȄȑ ȒȔȌȇǽȉȄȑ ȌȀ ȒȔȋȏȔȉȌȘȇȎȜȌ ȒȄ ȒȜȌȌȄȕȀ ȉȀȈ ȒȓȆȌ ȒȔȌǼȖȄȈȀ ȋȄ 

ȋȎȐȕǽ ȀȓȋȎȒȕȀȈȐȈȉȝȌ ȉȀȓȀȉȐȆȋȌȈȒȋǻȓȘȌ ȌȀ ȄȏȀȌȄȋȕȀȌȈȒȓȎȜȌ ȒȓȆȌ 

ȄȏȈȕǻȌȄȈȀ ȓȆȑ ȂȆȑ. ǚȌȀ ȋǼȐȎȑ ȓȎȔ ȌȄȐȎȜ ȏȎȔ ȕȓǻȌȄȈ ȒȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȆȑ 

ȂȆȑ ȒȔȂȉȐȀȓȄǾȓȀȈ Ȁȏț ȓȆȌ ȁȊǻȒȓȆȒȆ ȉȀȈ ȄȍȀȓȋǾȅȄȓȀȈ Ȇ ȃȈȀȏȌǼȄȓȀȈ Ȁȏț ȓȀ 

ȕȔȓǻ. ǚȌȀ ǻȊȊȎ ȋǼȐȎȑ ȓȎȔ ȌȄȐȎȜ ȃȈȆȇȄǾȓȀȈ ȒȓȎ ǼȃȀȕȎȑ ȉȀȈ ȓȎ ȔȏțȊȎȈȏȎ 

ȀȏȎȐȐǼȄȈ ȄȏȈȕȀȌȄȈȀȉǻ ȏȐȎȑ ȓȀ ȐǼȋȀȓȀ ȏȎȔ ȉȀȓȀȊǽȂȎȔȌ ȒȄ ȊǾȋȌȄȑ ȉȀȈ 

ȇǻȊȀȒȒȄȑ. ǪȀȓǻ ȓȆȌ ȏȎȐȄǾȀ ȀȔȓǽ ǼȌȀ ȋǼȐȎȑ ȓȎȔ ȌȄȐȎȜ ȄȍȀȓȋǾȅȄȓȀȈ. ǳȎ 

ȔȏțȊȎȈȏȎ ȓȋǽȋȀ ȓȎȔ ȌȄȐȎȜ ȏȎȔ ȃȈȆȇȄǾȓȀȈ, ȀȏȎȇȆȉȄȜȄȓȀȈ Șȑ ȔȏțȂȄȈȎ ȌȄȐț 

ȉȀȈ ȒȔȖȌǻ ȄȋȕȀȌǾȅȄȓȀȈ ȒȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȆȑ ȂȆȑ ȒȄ ȖȀȋȆȊțȓȄȐȀ ȒȆȋȄǾȀ ȉȀȈ 

ȒȓȆ ȒȔȌǼȖȄȈȀ ȉȀȓȀȊǽȂȄȈ ȄȏȈȕȀȌȄȈȀȉǻ ǽ ȔȏțȂȄȈȀ. ǳǼȊȎȑ ȓȎ ȌȄȐț ȓȆȑ 

ȇǻȊȀȒȒȀȑ ȋȄ ȓȆȌ ȄȍǻȓȋȈȒȆ ȄȏȀȌǼȐȖȄȓȀȈ ȒȓȆȌ ȀȓȋțȒȕȀȈȐȀ ȉȀȈ ȋȄ ȓȎȌ ȓȐțȏȎ 

ȀȔȓț ȉȊȄǾȌȄȈ Ȏ ȔȃȐȎȊȎȂȈȉțȑ ȉȜȉȊȎȑ (Viessman  and  Lewis , 1996) . 

 
ǥȈȉțȌȀ 2.1: ǲȖȆȋȀȓȈȉǽ ȀȏȄȈȉțȌȈȒȆ ȔȃȐȎȊȎȂȈȉȎȜ ȉȜȉȊȎȔ 
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ǥȈȉțȌȀ 2.2: ǴȃȐȎȊȎȂȈȉțȑ ȉȜȉȊȎȑ 

 

 

ǧ ȄȉȓǾȋȆȒȆ ȓȆȑ ȒȔȌȎȊȈȉǽȑ ȏȎȒțȓȆȓȀȑ ȌȄȐȎȜ ȒȓȆ ȂȆ ȉȀȈ ȒȓȈȑ 

ȃȈǻȕȎȐȄȑ ȃȈȀȃȈȉȀȒǾȄȑ ȓȎȔ ȔȃȐȎȊȎȂȈȉȎȜ ȉȜȉȊȎȔ ȔȏǽȐȍȄ ȇǼȋȀ 

ȄȏȈȒȓȆȋȎȌȈȉǽȑ ȄȍȄȐȄȜȌȆȒȆȑ Ȁȏț ȓȎ ȃȄȜȓȄȐȎ ȋȈȒț ȓȎȔ 19ȎȔ ȀȈȝȌȀ. ǰȄȐǾȏȎȔ 

ȓȎ 96.5% ȓȆȑ ȒȔȌȎȊȈȉǽȑ ȏȎȒțȓȆȓȀȑ ȌȄȐȎȜ ȓȆȑ ȂȆȑ ȁȐǾȒȉȄȓȀȈ ȒȓȎȔȑ 

ȘȉȄȀȌȎȜȑ (ǰǾȌȀȉȀȑ 2.1). ǡȏț ȓȎ ȔȏțȊȎȈȏȎ ȓȎ 1.7% ȁȐǾȒȉȄȓȀȈ ȒȄ ȋȎȐȕǽ 

ȏǻȂȎȔ ȒȓȎȔȑ ȏțȊȎȔȑ, ȓȎ 1.7% ȁȐǾȒȉȄȓȀȈ Șȑ ȔȏțȂȄȈȀ ȜȃȀȓȀ ȉȀȈ ȋțȌȎ ȓȎ 

0.1% ȁȐǾȒȉȄȓȀȈ ȒȓȀ ȄȏȈȕȀȌȄȈȀȉǻ ȉȀȈ ȀȓȋȎȒȕȀȈȐȈȉǻ ȒȔȒȓǽȋȀȓȀ.  
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ǰǾȌȀȉȀȑ 2.1: ǰȀȂȉțȒȋȈȀ ȏȎȒțȓȆȓȀ ȔȃǻȓȘȌ 

ǪȀȓȆȂȎȐǾȀ ǥȏȈȕǻȌȄȈȀ 

(10 6 km 2) 

ǝȂȉȎȑ 

(km 3) 

ǰȎȒȎȒȓț 

ǴȃǻȓȘȌ 

ǰȎȒȎȒȓț 

ȂȊȔȉȎȜ 

ȌȄȐȎȜ 

ǸȉȄȀȌȎǾ 361.3  1338000000  96.5   

ǴȏțȂȄȈȀ ǞȃȀȓȀ     

   ǣȊȔȉț ǭȄȐț 134.8  10530000  0.76  30.1  

   ǨȀȊȀȒȒȈȌț 134.8  12870000  0.93   

ǴȂȐȀȒǾȀ ǥȃǻȕȎȔȑ 82  16500  0.0012  0.05  

ǰȎȊȈȉțȑ ǰǻȂȎȑ 16  24023500  1.7  68.6  

ǶȈțȌȈ 0.3  340600  0.025  1 

ǫǾȋȌȄȑ     

   ǣȊȔȉț ǭȄȐț 1.2  91000  0.007  0.26  

   ǨȀȊȀȒȒȈȌț 0.8  85400  0.006   

ǢǻȊȓȎȈ 2.7  11470  0.0008  0.03  

ǰȎȓǻȋȈȀ 148.8  2120  0.0002  0.006  

ǭȄȐț ȒȄ 

ȎȐȂȀȌȈȒȋȎȜȑ 

510  1120  0.0001  0.003  

ǡȓȋȎȒȕȀȈȐȈȉț 510  12900  0.001  0.04  

ǲȔȌȎȊȈȉǻ ǞȃȀȓȀ 510  1385984610  100   

ǣȊȔȉț ǭȄȐț 148  35029210  2.5  100  

 

ǡȏț ȓȎ ȂȊȔȉț ȌȄȐț ȓȆȑ ȂȆȑ ȏȄȐǾȏȎȔ ȓȀ ȃȜȎ ȓȐǾȓȀ ȄǾȌȀȈ ȏȎȊȈȉțȑ 

ȏǻȂȎȑ ȉȀȈ ȓȎ ȔȏțȊȎȈȏȎ ȄǾȌȀȈ ȔȏțȂȄȈȀ ȜȃȀȓȀ ȏȎȔ ȕȓǻȌȎȔȌ ȒȄ ȁǻȇȎȑ Ȁȏț 

200 ǼȘȑ 600 ȋǼȓȐȀ. ǳȀ ȔȏțȂȄȈȀ ȌȄȐǻ ȉǻȓȘ Ȁȏț ȀȔȓț ȓȎ ȁǻȇȎȑ ȄǾȌȀȈ 

ȀȊȀȓȎȜȖȀ. ǬțȌȎ 0.006% ȓȎȔ ȕȐǼȒȉȎȔ ȌȄȐȎȜ ȁȐǾȒȉȄȓȀȈ ȒȄ ȏȎȓǻȋȈȀ. ǳȎ 

ȌȄȐț ȏȎȔ ȁȐǾȒȉȄȓȀȈ ȒȓȎȔȑ ȈȒȓȎȜȑ ȓȘȌ ȕȔȓȝȌ ȉȀȈ ȓȘȌ ȅȝȘȌ ȀȏȎȓȄȊȄǾ ȏȄȐǾȏȎȔ 

ȓȎ 0.003% țȊȎ ȓȎȔ ȂȊȔȉȎȜ ȌȄȐȎȜ ȏȎȔ ȈȒȎȃȔȌȀȋȄǾ ȋȄ ȓȎ ȋȈȒț țȂȉȎ ȏȎȔ 

ȏȄȐȈǼȖȄȓȀȈ ȒȓȀ ȏȎȓǻȋȈȀ. 

ǰǾȌȀȉȀȑ 2.2: ǰȀȂȉțȒȋȈȎ ǩȒȎȅȜȂȈȎ ǴȃǻȓȘȌ 

  ǸȉȄȀȌȎǾ ǣȆ 

ǥȋȁȀȃțȌ (km 2)  361300000  148800000  

ǪȀȓȀȉȐǽȋȌȈȒȆ  (km 3/yr)  458000  119000  

                          (mm/yr)  1270  800  

 (in/yr)  50  31  

ǥȍǻȓȋȈȒȆ (km 3/yr)  505000  72000  

 (mm/yr)  1400  484  

 (in/yr)  55  19  

ǡȏȎȐȐȎǽ ȒȓȎȔȑ 

ȘȉȄȀȌȎȜȑ 

   

ǰȎȓǻȋȈȀ (km 3/yr)  - 44700  

ǱȎǽ ǴȏȎȂȄǾȘȌ ǴȃǻȓȘȌ (km 3/yr)  - 2200  

ǲȔȌȎȊȈȉǽ ǡȏȎȐȐȎǽ (km 3/yr)  - 47000  
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 (mm/yr)  - 316  

 (in/yr)  - 12  

 

ǯ ȔȃȐȎȊȎȂȈȉțȑ ȉȜȉȊȎȑ ȄǾȌȀȈ ȏȀȂȉțȒȋȈȀȑ ȕȜȒȆȑ. ǳȀ ȏȀȂȉțȒȋȈȀ 

ȏȐȎȁȊǽȋȀȓȀ ȏȎȔ ȀȕȎȐȎȜȌ ȓȀ ȜȃȀȓȀ ȏȐǼȏȄȈ ȌȀ ȋȄȊȄȓȝȌȓȀȈ ȒȄ 

ȏȄȐȈȕȄȐȄȈȀȉǽ, ȃȈȄȇȌǽ, ȆȏȄȈȐȘȓȈȉǽ ȉȀȈ ȏȀȂȉțȒȋȈȀ ȉȊǾȋȀȉȀ. ǡȌ ȉȀȈ Ȇ 

ǼȌȌȎȈȀ ȓȎȔ ȔȃȐȎȊȎȂȈȉȎȜ ȉȜȉȊȎȔ ȄǾȌȀȈ ȀȏȊǽ, ȓȎ ȕȀȈȌțȋȄȌȎ ȄǾȌȀȈ ȄȍȀȈȐȄȓȈȉǻ 

ȏȄȐǾȏȊȎȉȎ. ǤȄȌ ȄǾȌȀȈ ȋțȌȎ ǼȌȀȑ ȋȄȂǻȊȎȑ ȉȜȉȊȎȑ ȀȊȊǻ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț 

ȏȎȊȊȎȜȑ ȀȊȊȆȊǼȌȃȄȓȎȔȑ ȉȜȉȊȎȔȑ ȒȄ ȆȏȄȈȐȘȓȈȉț, ȏȄȐȈȕȄȐȄȈȀȉț ȉȀȈ ȓȎȏȈȉț 

ȄȏǾȏȄȃȎ. ǡȌ ȉȀȈ Ȏ ȒȔȌȎȊȈȉțȑ țȂȉȎȑ ȌȄȐȎȜ ȒȓȎȌ ȏȀȂȉțȒȋȈȎ ȔȃȐȎȊȎȂȈȉț 

ȉȜȉȊȎ ȏȀȐȀȋǼȌȄȈ ȎȔȒȈȀȒȓȈȉǻ ȒȓȀȇȄȐțȑ, Ȇ ȉȀȓȀȌȎȋǽ ȀȔȓȎȜ ȀȊȊǻȅȄȈ 

ȒȔȌȄȖȝȑ ȄǾȓȄ ȄǾȌȀȈ ȆȏȄȈȐȘȓȈȉț ǽ ȏȄȐȈȕȄȐȄȈȀȉț ȄȏǾȏȄȃȎ ȄǾȓȄ ȋǾȀ ȊȄȉǻȌȆ 

ȀȏȎȐȐȎǽȑ (ǰǾȌȀȉȀȑ 2.2) (Arnold  and  Allen , 1996) . ǧ ȔȃȐȎȊȎȂǾȀ ȋǾȀȑ 

ȏȄȐȈȎȖǽȑ ȉȀȇȎȐǾȅȄȓȀȈ Ȁȏț ȓȈȑ ȉȀȈȐȈȉǼȑ ȒȔȌȇǽȉȄȑ ȉȀȈ Ȁȏț ȕȔȒȈȉȎȜȑ 

ȏȀȐǻȂȎȌȓȄȑ țȏȘȑ Ȇ ȓȎȏȎȂȐȀȕǾȀ, Ȇ ȂȄȘȊȎȂǾȀ ȉȀȈ Ȇ ȁȊǻȒȓȆȒȆ.  ǳǼȊȎȑ, 

ȉȀȇȝȑ Ȏ ȏȎȊȈȓȈȒȋțȑ ȄȍȄȊǾȒȒȄȓȀȈ, ȎȈ ȀȌȇȐȝȏȈȌȄȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȒȓȀȃȈȀȉǻ 

ȄȈȒȁǻȊȊȎȔȌ ȒȓȎ ȕȔȒȈȉț ȏȄȐȈȁǻȊȊȎȌ ȓȎȔ ȌȄȐȎȜ, ȋȄȓȀȁǻȊȊȎȌȓȀȑ ȓȆȌ 

ȈȒȎȐȐȎȏǾȀ ȓȎȔ ȔȃȐȎȊȎȂȈȉȎȜ ȉȜȉȊȎȔ. 

 

2.3 ǴȃȐȎȊȎȂȈȉǻ ǬȎȌȓǼȊȀ 
 

2.3.1 ǯȐȈȒȋțȑ ǬȎȌȓǼȊȎȔ 

 

ǳȀ ȔȃȐȎȊȎȂȈȉǻ ȒȔȒȓǽȋȀȓȀ ȀȌȀȊȜȎȌȓȀȈ ȖȐȆȒȈȋȎȏȎȈȝȌȓȀȑ 

ȋȀȇȆȋȀȓȈȉǻ ȋȎȌȓǼȊȀ. ǳȀ ȋȎȌȓǼȊȀ ȀȔȓǻ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȄǾȓȄ ȄȋȏȄȈȐȈȉǻ, 

ȄǾȓȄ ȒȓȀȓȈȒȓȈȉǻ, ȄǾȓȄ ȌȀ ȁȀȒǾȅȎȌȓȀȈ ȒȄ ȌțȋȎȔȑ ȓȆȑ ȕȔȒȈȉǽȑ. ǬȏȎȐȎȜȌ ȌȀ 

ȖȐȆȒȈȋȎȏȎȈȆȇȎȜȌ ȂȈȀ ȌȀ ȋȀȑ ȎȃȆȂǽȒȎȔȌ ȒȓȆȌ ȁǼȊȓȈȒȓȆ ȀȏțȕȀȒȆ ȂȈȀ ȓȎ 

ȏȘȑ ȇȀ ȃȈȀȖȄȈȐȈȒȓȎȜȋȄ ȋȈȀ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ. ǧ ȄȏȈȊȎȂǽ ȓȎȔ ȋȎȌȓǼȊȎȔ 

ȏȐǼȏȄȈ ȌȀ ȄǾȌȀȈ ȏȐȎȒȀȐȋȎȒȋǼȌȆ ȒȓȎȌ ȒȉȎȏț ȂȈȀ ȓȎȌ ȎȏȎǾȎ ȇǼȊȎȔȋȄ ȌȀ ȓȎ 

ȖȐȆȒȈȋȎȏȎȈǽȒȎȔȋȄ(Devia et al., 2015) . 

ǳȀ ȏȄȐȈȒȒțȓȄȐȀ ȒȔȒȓǽȋȀȓȀ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ ǼȖȎȔȌ ȕȔȒȈȉǼȑ, 

ȉȎȈȌȘȌȈȉǼȑ, ȏȎȊȈȓȈȉǼȑ, ȏȄȐȈȁȀȊȊȎȌȓȈȉǼȑ ȉȀȈ ȌȎȋȈȉǼȑ ȃȈȀȒȓǻȒȄȈȑ. ǳȀ 

ȔȃȐȎȊȎȂȈȉǻ ȒȔȒȓǽȋȀȓȀ ȄǾȌȀȈ ȂȄȌȈȉǻ ȏȈȇȀȌȎȊȎȂȈȉǻ ȒȓȆ ȕȜȒȆ ȓȎȔȑ ȉȀȈ ȂȈõ 

ȀȔȓț ȄǾȌȀȈ ȄȜȉȎȊȎ ȌȀ ȉȀȓȀȌȎǽȒȎȔȋȄ țȓȈ ȓȎ ȉȀȊȜȓȄȐȎ ȏȎȔ ȋȏȎȐȄǾ ȌȀ 

ȄȊȏǾȅȎȔȋȄ Ȁȏț ǼȌȀ ȋȎȌȓǼȊȎ ȄǾȌȀȈ ȋȈȀ ȁȄȊȓȈȘȋǼȌȆ ȉȀȓȀȌțȆȒȆ ȓȎȔ 

ȒȔȒȓǽȋȀȓȎȑ ȏȎȔ ȀȌȀȊȜȄȓȀȈ, ȓȎ ȎȏȎǾȎ ȓȄȊȈȉǻ ȋȀȑ ȁȎȆȇǻȄȈ ȒȓȆȌ ȄȕȀȐȋȎȂǽ 

ȏȐȎȂȐȀȋȋǻȓȘȌ ȒȔȊȊȎȂǽȑ ȃȄȃȎȋǼȌȘȌ ȏȎȔ ȋȏȎȐȎȜȌ ȌȀ ȔȏȎȒȓȆȐǾȍȎȔȌ 

ȀȍȈțȏȈȒȓȄȑ ȏȐȎȒȏǻȇȄȈȄȑ ȋȎȌȓȄȊȎȏȎǾȆȒȆȑ (Kumarasamy and Belmont, 

2018) . ǥȏȈȏȊǼȎȌ, ȓȀ ȈȒȓȎȐȈȉǻ ȃȄȃȎȋǼȌȀ ȏȎȔ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȀ ȂȈȀ 

ȒȆȋȀȌȓȈȉǼȑ ȔȃȐȎȊȎȂȈȉǼȑ ȀȌȀȊȜȒȄȈȑ ȒȔȖȌǻ ȊȄǾȏȎȔȌ ǽ ȃȄȌ ȄǾȌȀȈ ȀȍȈțȏȈȒȓȀ. 

ǣȈȀ ȓȎ ȋȄȂȀȊȜȓȄȐȎ ȋǼȐȎȑ, ȓȀ ȋȀȇȆȋȀȓȈȉǻ ȋȎȌȓǼȊȀ ǼȖȎȔȌ ȒȖȄȃȈȀȒȓȄǾ 

ȂȈȀ ȌȀ ȏȄȐȈȂȐǻȕȎȔȌ ȏȝȑ ȓȀ ȒȓȎȈȖȄǾȀ ȄȌțȑ ȒȔȒȓǽȋȀȓȎȑ ȀȌȓȀȏȎȉȐǾȌȎȌȓȀȈ ȒȄ 

ȀȊȊȀȂǼȑ ȉǻȏȎȈȀȑ ȏȀȐȀȋǼȓȐȎȔ ȀȔȓȎȜ. ǣȈȀ ȏȀȐǻȃȄȈȂȋȀ, ȋȏȎȐȄǾ ȌȀ 
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ȀȌȀȏȓȔȖȇȄǾ ǼȌȀ ȋȎȌȓǼȊȎ ȒȔȒȓǽȋȀȓȎȑ ȔȏȎȂȄǾȘȌ ȔȃǻȓȘȌ ȂȈȀ ȌȀ ȉȀȓȀȃȄǾȍȄȈ 

ȓȈȑ ȄȏȈȏȓȝȒȄȈȑ ȒȓȆȌ ȀȏȎȇǽȉȄȔȒȆ ȔȏȎȂȄǾȘȌ ȔȃǻȓȘȌ ȃȈȀȕțȐȘȌ ȒȔȒȓȆȋǻȓȘȌ 

ǻȌȓȊȆȒȆȑ. ǡȔȓǻ ȓȀ ȋȎȌȓǼȊȀ ȏȀȐǼȖȎȔȌ ȓȆ ȁǻȒȆ ȂȈȀ ȄȌȆȋȄȐȘȋǼȌȆ 

ȃȈȀȖȄǾȐȈȒȆ ȓȎȔ ȌȄȐȎȜ (Singh, 1995) . 

 

 ǚȌȀ ȔȃȐȎȊȎȂȈȉț ȋȎȌȓǼȊȎ (ǥȈȉțȌȀ 2.3) ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȓȀ ȃȄȃȎȋǼȌȀ 

ȄȈȒțȃȎȔ, ȓȎ ȒȜȌȎȊȎ ȓȘȌ ȄȍȈȒȝȒȄȘȌ ȏȎȔ ȏȄȐȈȂȐǻȕȎȌȓȀȈ ȎȈ ȃȈȀȃȈȉȀȒǾȄȑ ȉȀȈ 

Ȁȏț ȓȀ ȃȄȃȎȋǼȌȀ ȄȍțȃȎȔ. 

 

 
ǥȈȉțȌȀ 2.3: ǣȄȌȈȉǽ ǡȌȀȏȀȐǻȒȓȀȒȆ ǬȎȌȓǼȊȎȔ 

 

 

țȏȎȔ:    

 

ǥǾȒȎȃȎȑ: ǬȄȓȄȘȐȎȊȎȂȈȉǼȑ ȋȄȓȀȁȊȆȓǼȑ ( ȉȀȓȀȉȐȆȋȌǾȒȋȀȓȀ, ȇȄȐȋȎȉȐȀȒǾȀ, 

ǻȌȄȋȎȑ)  

 

ǥȍȈȒȝȒȄȈȑ ǲȔȒȓǽȋȀȓȎȑ: ǲȜȌȎȊȎ ȋȀȇȆȋȀȓȈȉȝȌ ȄȍȈȒȝȒȄȘȌ ȏȎȔ ȀȏȄȈȉȎȌǾȅȎȔȌ 

ȓȈȑ ȕȔȒȈȉǼȑ ȃȈȀȃȈȉȀȒǾȄȑ ȋȄȓȀȓȐȎȏǽȑ ȓȆȑ ȁȐȎȖǽȑ ȒȄ ȀȏȎȐȐȎǽ 

(ȉȀȓȀȉȐǻȓȆȒȆ, ȄȍȀȓȋȈȒȎȃȈȀȏȌȎǽ, ȃȈǽȇȆȒȆ, ȄȏȈȕȀȌȄȈȀȉǽ ȀȏȎȐȐȎǽ, 

ȀȏȎȇǽȉȄȔȒȆ ȒȓȎ ǼȃȀȕȎȑ) 

 

ǚȍȎȃȎȑ: ǡȏȎȐȐȎǽ 

 

 

2.3.2 ǪȀȓȆȂȎȐǾȄȑ ǴȃȐȎȊȎȂȈȉȝȌ ǬȎȌȓǼȊȘȌ 

 

ǡȌǻȊȎȂȀ ȋȄ ȓȎ ȄǾȃȎȑ ȓȘȌ ȄȍȈȒȝȒȄȘȌ, ȓȎ ȖȐȎȌȈȉț ȁǽȋȀ, ȓȆ ȊȄȈȓȎȔȐȂǾȀ ȒȄ 

ȏȐȀȂȋȀȓȈȉț ȖȐțȌȎ ȓȀ ȔȃȐȎȊȎȂȈȉǻ ȋȎȌȓǼȊȀ ȉȀȓȆȂȎȐȈȎȏȎȈȎȜȌȓȀȈ ȒȄ Ȁ) 

ȋȎȌȓǼȊȀ ȋȄȋȎȌȘȋǼȌȎȔ ȔȃȐȎȊȎȂȈȉȎȜ ȂȄȂȎȌțȓȎȑ ȉȀȈ ȒȔȌȄȖǽ ȋȎȌȓǼȊȀ, ȁ) ȒȄ 

ȄȌȈȀǾȀ (lumped ) ȉȀȈ ȉȀȓȀȌȄȋȆȋǼȌȀ (distributed ) ȋȎȌȓǼȊȀ (Tsakiris  et al ., 

2012) . 

 

ǳȎ ȋȎȌȓǼȊȎ ȄȌțȑ ȋȄȋȎȌȘȋǼȌȎȔ ȔȃȐȎȊȎȂȈȉȎȜ ȂȄȂȎȌțȓȎȑ (ǥȈȉțȌȀ 2.4) 

ȏȄȐȈȊȀȋȁǻȌȄȈ Șȑ ȄǾȒȎȃȎ ǼȌȀ ȋȄȋȎȌȘȋǼȌȎ ȂȄȂȎȌțȑ ȁȐȎȖǽȑ ȉȀȈ Șȑ ǼȍȎȃȎ ǼȌȀ 

ȔȃȐȎȂȐǻȕȆȋȀ ȀȏȎȐȐȎǽȑ. 
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ǥȈȉțȌȀ 2.4: ǡȌȀȏȀȐǻȒȓȀȒȆ ǬȎȌȓǼȊȎȔ ǬȄȋȎȌȘȋǼȌȎȔ ǴȃȐȎȊȎȂȈȉȎȜ 

ǣȄȂȎȌțȓȎȑ 

 

 

ǳȎ ȒȔȌȄȖǼȑ ȋȎȌȓǼȊȎ (ǥȈȉțȌȀ 2.5) ȏȄȐȈȊȀȋȁǻȌȄȈ Șȑ ȄǾȒȎȃȎ ȋȈȀ Ȇ 

ȏȄȐȈȒȒțȓȄȐȄȑ ȒȄȈȐǼȑ ȏȀȐȀȓȆȐǽȒȄȘȌ ȒȓȎ ȖȐțȌȎ (ȖȐȎȌȎȒȄȈȐǼȑ) ȏȎȊȊȝȌ 

ȋȄȓȄȘȐȎȊȎȂȈȉȝȌ ȋȄȓȀȁȊȆȓȝȌ. 

 

 
ǥȈȉțȌȀ 2.5: ǡȌȀȏȀȐǻȒȓȀȒȆ ǲȔȌȄȖȎȜȑ ǬȎȌȓǼȊȎȔ 

 

 

ǳȀ ȄȌȈȀǾȀ ȋȎȌȓǼȊȀ (ǥȈȉțȌȀ 2.6) ȁȀȒǾȅȎȌȓȀȈ ȒȓȆȌ ȔȏțȇȄȒȆ ȓȆȑ 

ȎȋȎȈțȋȎȐȕȆȑ ȉȀȓȀȌȎȋǽȑ ȒȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȆȑ ȊȄȉǻȌȆȑ ȀȏȎȐȐȎǽȑ ȓȘȌ 

ȋȄȂȄȇȝȌ ȄȈȒțȃȎȔ ȉȀȈ ȄȍțȃȎȔ 
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ǥȈȉțȌȀ 2.6: ǡȌȀȏȀȐǻȒȓȀȒȆ ǥȌȈȀǾȎȔ ǬȎȌȓǼȊȎȔ 

 

 

ǳȀ ȉȀȓȀȌȄȋȆȋǼȌȀ ȋȎȌȓǼȊȀ ǩǥȈȉțȌȀ 2.7) ȒȄ ȀȌȓǾȇȄȒȆ ȋȄ ȓȀ ȄȌȈȀǾȀ, 

ȁȀȒǾȅȎȌȓȀȈ ȒȓȆ ȖȘȐȈȉǽ ȉȀȓȀȌȎȋǽ ȓȘȌ ȋȄȂȄȇȝȌ ȄȈȒțȃȎȔ ȉȀȈ ȄȍțȃȎȔ ȒȓȆȌ 

ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ. ǳȀ ȋȎȌȓǼȊȀ ȀȔȓǻ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȓȆ ȃȈȀȉȐȈȓȎȏȎǾȆȒȆ 

ȓȆȑ ȊȄȉǻȌȆȑ ȒȄ ȓȋǽȋȀȓȀ ȋȄ ȀȌȎȋȎȈțȋȎȐȕȀ ȓȎȏȎȂȐȀȕȈȉǻ ǽ ǻȊȊȀ 

ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ. 

 

 

 

 

 
ǥȈȉțȌȀ 2.7: ǡȌȀȏȀȐǻȒȓȀȒȆ ǪȀȓȀȌȄȋȆȋǼȌȎȔ ǬȎȌȓǼȊȎȔ 
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ǳȀ ȒȔȌȄȖǽ ȋȎȌȓǼȊȀ ȁȐȎȖǽȑ ð ȀȏȎȐȐȎǽȑ ȋȏȎȐȎȜȌ ȌȀ ȓȀȍȈȌȎȋȆȇȎȜȌ 

ȋȄ ȁǻȒȆ ȃȜȎ ȉȐȈȓǽȐȈȀ: 

Ȁ) ǳȎ ȄǾȃȎȑ ȓȘȌ ȄȍȈȒȝȒȄȘȌ (ǬȄ ȁǻȒȆ ȓȎ ȉȐȈȓǽȐȈȎ ȀȔȓț ȓȀ ȋȎȌȓǼȊȀ 

ȓȀȍȈȌȎȋȎȜȌȓȀȈ ȒȄ ȕȔȒȈȉǻ (physically  based), ȏȀȐȀȋȄȓȐȈȉǻ - ȄȌȌȎȈȎȊȎȂȈȉǻ 

(conceptual ) ȉȀȈ ȋȎȌȓǼȊȀ ȋȀȜȐȎȔ ȉȎȔȓȈȎȜ (black  box ). 

ȁ) ǳȎ ȀȌ ȊȀȋȁǻȌȄȓȀȈ ȔȏțȗȆ Ȇ ȓȔȖȀȈțȓȆȓȀ ȓȘȌ ȕȀȈȌȎȋǼȌȘȌ (ȋȄ ȁǻȒȆ ȓȎ 

ȉȐȈȓǽȐȈȎ ȀȔȓț ȓȀ ȋȎȌȓǼȊȀ ȓȀȍȈȌȎȋȎȜȌȓȀȈ ȒȄ ȏȐȎȒȃȈȎȐȈȒȓȈȉǻ ȉȀȈ 

ȒȓȎȖȀȒȓȈȉǻ). 

ǳȀ ȏȐȎȒȃȈȎȐȈȒȓȈȉǻ ȕȔȒȈȉǻ ȋȎȌȓǼȊȀ ȁȀȒǾȅȎȌȓȀȈ ȒȓȈȑ ȄȍȈȒȝȒȄȈȑ ȓȆȑ 

ȕȔȒȈȉǽȑ ȃȆȊȀȃǽ ȒȓȈȑ ȄȍȈȒȝȒȄȈȑ ȒȔȌǼȖȄȈȀȑ ȉȀȈ ȏȎȒțȓȆȓȀȑ ȉǾȌȆȒȆȑ. ǳȀ 

ȋȎȌȓǼȊȀ ȀȔȓǻ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ǼȌȀ ȒȜȌȎȊȎ ȋȀȇȆȋȀȓȈȉȝȌ ȄȍȈȒȝȒȄȘȌ ȉȀȈ 

ȒȔȌǽȇȘȑ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ǼȌȀ ȋȄȂǻȊȎ ȀȐȈȇȋț ȏȀȐȀȋǼȓȐȘȌ. ǳǼȓȎȈȎȔ ȄǾȃȎȔȑ 

ȋȎȌȓǼȊȀ ȀȏȀȈȓȎȜȌ ȏȎȊȊǻ ȃȄȃȎȋǼȌȀ ȄȈȒțȃȎȔ ȉȀȈ ȄȕȀȐȋțȅȎȌȓȀȈ ȒȔȌǽȇȘȑ ȒȄ 

ȋȈȉȐǼȑ ȊȄȉǻȌȄȑ ȀȏȎȐȐȎǽȑ. 

ǳȀ ȏȐȎȒȃȈȎȐȈȒȓȈȉǻ ȏȀȐȀȋȄȓȐȈȉǻ ȋȎȌȓǼȊȀ ȏȐȎȒȎȋȎȈȝȌȎȔȌ ȓȆ ȒȖǼȒȆ 

ȁȐȎȖǽȑ ð ȀȏȎȐȐȎǽȑ ȁȀȒȈȅțȋȄȌȀ ȒȄ ǼȌȀ ȒȜȌȎȊȎ ȀȏȊȎȔȒȓȄȔȓȈȉȝȌ 

ȏȀȐȀȃȎȖȝȌ ȓȎȔ ȕȔȒȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ. ǳȀ ȋȎȌȓǼȊȀ ȀȔȓǻ ȄǾȌȀȈ ȀȐȉȄȓǻ 

ȃȈȀȃȄȃȎȋǼȌȀ ȉȀȈ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȏȀȐȀȋǼȓȐȎȔȑ ȎȈ ȎȏȎǾȄȑ ȉȀȇȎȐǾȅȎȌȓȀȈ Ȁȏț 

ȓȆ ȐȜȇȋȈȒȆ ȓȎȔ ȋȎȌȓǼȊȎȔ. ǧ ȃȈȀȃȈȉȀȒǾȀ ȐȜȇȋȈȒȆȑ ȓȎȔ ȋȎȌȓǼȊȎȔ ȄǾȌȀȈ ǼȌȀȑ 

ȀȊȂțȐȈȇȋȎȑ Ȏ ȎȏȎǾȎȑ ȒȔȌǾȒȓȀȓȀȈ ȒȓȆȌ ȀȊȊȀȂǽ ȓȘȌ ȓȈȋȝȌ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ, 

ǼȓȒȈ ȝȒȓȄ ȎȈ ȃȈȀȕȎȐǼȑ ȋȄȓȀȍȜ ȓȘȌ ȏȐȎȒȎȋȎȈȘȋǼȌȘȌ ȉȀȈ ȓȘȌ 

ȏȀȐȀȓȆȐȆȋǼȌȘȌ ȏȀȐȎȖȝȌ ȌȀ ȄǾȌȀȈ țȒȎ ȓȎ ȃȔȌȀȓțȌ ȋȈȉȐțȓȄȐȄȑ. 

ǳȀ ȏȐȎȒȃȈȎȐȈȒȓȈȉǻ ȋȎȌȓǼȊȀ ȋȀȜȐȎȔ ȉȎȔȓȈȎȜ ȁȀȒǾȅȎȌȓȀȈ ȒȄ ȀȏȊǼȑ 

ȋȀȇȆȋȀȓȈȉǼȑ ȄȍȈȒȝȒȄȈȑ ȎȈ ȎȏȎǾȄȑ ȏȐȎȒȎȋȎȈȝȌȎȔȌ ȈȉȀȌȎȏȎȈȆȓȈȉǻ ȓȎ 

ȔȃȐȎȂȐǻȕȆȋȀ ȓȆȑ ȋȄȓȐȆȋǼȌȆȑ ȀȏȎȐȐȎǽȑ (ȋȎȌȀȃȈȀǾȎ ȔȃȐȎȂȐǻȕȆȋȀ). ǳȀ 

ȒȓȎȖȀȒȓȈȉǻ ȋȎȌȓǼȊȀ ȋȀȜȐȎȔ ȉȎȔȓȈȎȜ ȄǾȌȀȈ ȋȎȌȓǼȊȀ ȓȀ ȎȏȎǾȀ ȔȏȎȊȎȂǾȅȎȔȌ 

ȓȆ ȋȄȓȀȁȊȆȓǽ ǼȍȎȃȎȔ (ȀȏȎȐȐȎǽ) ȊȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȆ ȓȀ ȒȓȀȓȈȒȓȈȉǻ 

ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ ȓȆȑ ȋȄȓȀȁȊȆȓǽȑ ȄȈȒțȃȎȔ (ȁȐȎȖǽ), ȋȄ ȓȆȌ ȏȐȎȚȏțȇȄȒȆ ȌȀ 

ȃȈȀȓȆȐȎȜȌȓȀȈ ȓȀ ȒȓȀȓȈȒȓȈȉǻ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ ȓȆȑ ȋȄȓȐȆȋǼȌȆȑ ȏȀȐȎȖǽȑ 

(ȋǼȒȎȑ, ȃȈȀȒȏȎȐǻ, ȀȔȓȎȒȔȒȖǼȓȈȒȆ). ǳȀ ȒȓȎȖȀȒȓȈȉǻ ȏȀȐȀȋȄȓȐȈȉǻ ȉȀȈ 

ȕȔȒȈȉǻ ȋȎȌȓǼȊȀ ȊȀȋȁǻȌȎȔȌ ȔȏțȗȆ ȓȀ ȒȓȀȓȈȒȓȈȉǻ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ ȓȆȑ 

ȄȈȒțȃȎȔ ȉȀȈ ȒȔȂȖȐțȌȘȑ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȄȍȈȒȝȒȄȈȑ ȏȎȔ ȀȏȄȈȉȎȌǾȅȎȔȌ ȓȈȑ 

ȁȀȒȈȉǼȑ ȃȈȀȃȈȉȀȒǾȄȑ ȋȄȓȀȒȖȆȋȀȓȈȒȋȎȜ ȓȆȑ ȁȐȎȖǽȑ ȒȄ ȀȏȎȐȐȎǽ. 

 

ǪǻȏȎȈȀ Ȁȏț ȓȀ ȏȈȎ ȄȔȐǼȘȑ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȀ ȋȎȌȓǼȊȀ ȄǾȌȀȈ: 

¶ HMS  ð Hydrologic  Modeling  System  (ǰȄȐȈȊȀȋȁǻȌȄȈ ȋǾȀ ȒȄȈȐǻ 

ȏȐȎȂȐȀȋȋǻȓȘȌ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȓȎȔ ȏȄȐȈȒȒȄȜȋȀȓȎȑ ȓȆȑ ȁȐȎȖǽȑ, ȓȆ 

ȃȆȋȈȎȔȐȂǾȀ ȓȆȑ ȀȏȎȐȐȎǽȑ ȉȀȈ ȓȆ ȃȈțȃȄȔȒȆ ȓȆȑ ȀȏȎȐȐȎǽȑ.(Hameed 

and Shamkhi, 2018) . 

¶ UBC  Watershed  Model  (ǰȐțȁȊȄȗȆ ȓȆȑ ȀȏȎȐȐȎǽȑ Ȁȏț ȁȐȎȖțȏȓȘȒȆ 

ȉȀȈ ȇȄȐȋȎȉȐȀȒǾȀ ȒȄ ȎȐȄȈȌǼȑ ȊȄȉǻȌȄȑ ȀȏȎȐȐȎǽȑ (Quick  et al ., 1977)  

¶ NWSRFS ð National  Weather  Service  River  Forecast  System  

(ǲȜȒȓȆȋȀ ȒȔȌȄȐȂȀȅțȋȄȌȘȌ ȏȐȎȂȐȀȋȋǻȓȘȌ ȏȎȔ ȏȐȎȒȎȋȎȈȝȌȎȔȌ ȓȈȑ 

ȔȃȐȎȊȎȂȈȉǼȑ ȃȈȀȃȈȉȀȒǾȄȑ ȒȄ ȋǾȀ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ) (Wang  et al ., 

2009) . 
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¶ TOPMODEL  (ǪȀȓȀȌȄȋȆȋǼȌȎ ȏȀȉǼȓȎ ȊȎȂȈȒȋȈȉȎȜ ȒȓȎ ȎȏȎǾȎ 

ȔȃȐȎȊȎȂȈȉǼȑ ȃȈȀȃȈȉȀȒǾȄȑ ȏȄȐȈȂȐǻȕȎȌȓȀȈ ȋȄ ȀȏȊț ȓȐțȏȎ ȉȀȈ ȋȄ 

ȒȓțȖȎ ȓȆ ȋȄǾȘȒȆ ȓȘȌ ȀȏȀȈȓȎȜȋȄȌȘȌ ȏȀȐȀȋǼȓȐȘȌ)(Ambroise et al., 

1996) . 

¶ MIKE  11 (ǬȎȌȎȃȈǻȒȓȀȓȎ ȋȎȌȓǼȊȎ ȂȈȀ ȓȆȌ ȏȐȎȒȎȋȎǾȘȒȆ ȓȆȑ ȐȎǽȑ, ȓȆ 

ȋȄȓȀȕȎȐǻ ȕȄȐȓȝȌ ȉȀȈ ȓȆȌ ȏȎȈțȓȆȓȀ ȓȎȔ ȌȄȐȎȜ ȒȄ ȏȎȓȀȋȎȜȑ) 

(Ivanescu , 2014) . 

¶ MIKE  SHE (ǰȐȎȒȃȈȎȐȈȒȓȈȉț, ȉȀȓȀȌȄȋȆȋǼȌȎ ȕȔȒȈȉǽȑ ȁǻȒȆȑ 

ȒȜȒȓȆȋȀ ȓȎ ȎȏȎǾȎ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȒȄ ȏȐȎȁȊǽȋȀȓȀ ȒȖȄȓȈȅțȋȄȌȀ ȋȄ 

ȄȏȈȕȀȌȄȈȀȉǻ ȉȀȈ ȔȏțȂȄȈȀ ȌȄȐǻ (Preissmann  et al ., 1979) .  

¶ EPIC ð Erosion  (ǬȎȌȓǼȊȎ ȒȔȌȄȖȎȜȑ ȏȐȎȒȎȋȎǾȘȒȆȑ ȏȎȔ ȋȏȎȐȄǾ ȌȀ 

ȄȉȓȈȋǽȒȄȈ ȓȆȌ ȄȏǾȃȐȀȒȆ ȓȘȌ ȃȈȀȖȄȈȐȈȒȓȈȉȝȌ ȒȓȐȀȓȆȂȈȉȝȌ ȒȓȆ 

ȂȄȘȐȂȈȉǽ ȏȀȐȀȂȘȂǽ ȉȀȈ ȒȓȎȔȑ ȄȃȀȕȈȉȎȜȑ ȉȀȈ ȔȃȀȓȈȉȎȜȑ ȏțȐȎȔȑ) 

(Stolpe, 2005) . 

¶ Medbasin  (ǰȀȉǼȓȎ ȊȎȂȈȒȋȈȉȎȜ ȂȈȀ ȓȆȌ ȏȐȎȒȎȋȎǾȘȒȆ ȓȆȑ ȀȏȎȐȐȎǽȑ 

Ȁȏț ȋǾȀ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ ȒȄ ȆȋȄȐǽȒȈȀ ȉȀȈ ȋȆȌȈȀǾȀ ȁǻȒȆ. ǳȎ 

ȋȎȌȓǼȊȎ ȄǾȌȀȈ ȄȌȌȎȈȎȊȎȂȈȉț ȉȀȈ ȆȋȈȉȀȓȀȌȄȋȆȋǼȌȎ) (Tsakiris  et al . 

2004) . 

 

¶ SWAT (ǧȋȈȉȀȓȀȌȄȋȆȋǼȌȎ ȔȃȐȎȊȎȂȈȉț ȋȎȌȓǼȊȎ ȕȔȒȈȉǽȑ ȁǻȒȆȑ. 

ǪȀȓǻȊȊȆȊȎ ȂȈȀ ȀȍȈȎȊțȂȆȒȆ ȃȈȀȖȄȈȐȈȒȓȈȉȝȌ ȀȏȎȕǻȒȄȘȌ, ȂȈȀ ȊȄȉǻȌȄȑ 

ȋȄȒȀǾȎȔ ȉȀȈ ȋȄȂǻȊȎȔ ȋȄȂǼȇȎȔȑ, ȏȐȎȒȎȋȎǾȘȒȆ ȔȃȀȓȈȉȝȌ ȏțȐȘȌ ȉȀȈ 

ȉȀȓȀȌȎȋǽ ȐȜȏȀȌȒȆȑ. ǶȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȋǼȒȀ Ȁȏț ȓȎ ȏȊȀǾȒȈȎ 

ȏȐȎȂȐȀȋȋǻȓȘȌ ǣ.ǲ.ǰ)(Wang et al., 2019) . 

 

 

2.3.3 ǢȀȇȋȎȌțȋȆȒȆ ǬȎȌȓǼȊȎȔ 

 

ǬȄ ȓȎȌ țȐȎ ȁȀȇȋȎȌțȋȆȒȆ ȄȌȌȎȎȜȋȄ ȋǾȀ ȃȈȀȃȈȉȀȒǾȀ ȏȐȎȒȀȐȋȎȂǽȑ 

ȓȘȌ ȓȈȋȝȌ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ ȄȌțȑ ȋȎȌȓǼȊȎȔ ǼȓȒȈ ȝȒȓȄ ȎȈ ȏȐȎȒȎȋȎȈȘȋǼȌȄȑ 

ȓȈȋǼȑ ȌȀ ȏȐȎȒȄȂȂǾȅȎȔȌ ȓȈȑ ȏȐȀȂȋȀȓȈȉǼȑ ȓȈȋǼȑ. 

ǴȏǻȐȖȎȔȌ ȃȜȎ ȁȀȒȈȉǼȑ ȋǼȇȎȃȎȈ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȂȈȀ ȓȆȌ 

ȁȀȇȋȎȌțȋȆȒȆ ȄȌțȑ ȔȃȐȎȊȎȂȈȉȎȜ ȋȎȌȓǼȊȎȔ Ȇ ȖȄȈȐȎȉǾȌȆȓȆ ȉȀȈ Ȇ ȀȔȓțȋȀȓȆ. 

ǧ ȖȄȈȐȎȉǾȌȆȓȆ ȄǾȌȀȈ ȋǾȀ ȃȈȀȃȈȉȀȒǾȀ ȃȎȉȈȋǽȑ ð ȒȕǻȊȋȀȓȎȑ țȏȎȔ ȎȈ ȂȌȝȒȄȈȑ 

ȓȘȌ ȖȐȆȒȓȝȌ ȓȎȔ ȋȎȌȓǼȊȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȂȈȀ ȓȎȌ ǼȊȄȂȖȎ ȓȘȌ ȀȊȊȀȂȝȌ 

ȒȓȈȑ ȓȈȋǼȑ ȓȘȌ ȃȈȀȕȎȐȄȓȈȉȝȌ ȏȀȐȀȋǼȓȐȘȌ. ǯȈ ȀȏȎȕǻȒȄȈȑ ȒȖȄȓȈȉǻ ȋȄ ȓȎ 

ȏȎȈȄȑ ȏȀȐȀȋǼȓȐȎȔȑ ȀȊȊǻȅȎȔȌ ȊȀȋȁǻȌȎȌȓȀȈ ȏȐȘȓǾȒȓȘȑ ȋȄ ȓȆ ȒȜȂȉȐȈȒȆ ȓȘȌ 

ȏȐȎȒȎȋȎȈȘȋǼȌȘȌ ȓȈȋȝȌ ȋȄ ȓȈȑ ȓȈȋǼȑ ȏȎȔ ǼȖȎȔȋȄ ȒȔȊȊǼȍȄȈ Ȁȏț ȓȎ ȏȄȃǾȎ. ǧ 

ȃȈȀȃȈȉȀȒǾȀ ȀȔȓǽ ȄǾȌȀȈ ȏȈȎ ȀȏȎȓȄȊȄȒȋȀȓȈȉǽ țȓȀȌ ȔȏǻȐȖȄȈ ȃȈȀȃȐȀȒȓȈȉț, 

ȂȐȀȕȈȉț ȊȎȂȈȒȋȈȉț ȂȈȀ ȓȆȌ ȏȐȎȁȎȊǽ ȓȘȌ ȀȏȎȓȄȊȄȒȋǻȓȘȌ ȉȀȈ ȓȆȌ ȀȊȊȀȂǽ 

ȏȀȐȀȋǼȓȐȘȌ. ǧ ȁȀȇȋȎȌțȋȆȒȆ ȎȊȎȉȊȆȐȝȌȄȓȀȈ țȓȀȌ Ȏ ȖȐǽȒȓȆȑ ȉȀȇȎȐǾȅȄȈ 

ȔȏȎȉȄȈȋȄȌȈȉǻ țȓȈ ȎȈ ȒȓțȖȎȈ ǼȖȎȔȌ ȄȏȈȓȄȔȖȇȄǾ (Yilmaz et al., 2010) . 

ǧ ȃȄȜȓȄȐȆ ȋǼȇȎȃȎȑ ȄǾȌȀȈ Ȇ ȀȔȓțȋȀȓȆ ȁȀȇȋȎȌțȋȆȒȆ. ǲȄ ȀȔȓǽ ȓȆ 

ȋǼȇȎȃȎ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȃȈǻȕȎȐȎȈ ȀȊȂțȐȈȇȋȎȈ ȔȏȎȊȎȂȈȒȓȝȌ ȂȈȀ ȓȆȌ 

ȄȏǾȓȄȔȍȆ ȓȆȑ ȉȀȊȜȓȄȐȆȑ ȏȐȎȒȎȋȎǾȘȒȆȑ ȓȘȌ ȏȀȐȀȓȆȐȎȜȋȄȌȘȌ ȓȈȋȝȌ. 
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ǲȔȌǽȇȘȑ Ȏ ȖȐǽȒȓȆȑ ȋȏȎȐȄǾ ȌȀ ȄȕȀȐȋțȒȄȈ țȐȈȀ ȒȓȎ ȄȜȐȎȑ ȒȓȎ ȎȏȎǾȎȑ ȎȈ 

ȓȈȋǼȑ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ ȋȏȎȐȄǾ ȌȀ ȏȎȈȉǾȊȊȎȔȌ ȂȈȀ ȌȀ ȄȏȈȓȄȔȖȇȎȜȌ ȏȈȎ 

ȕȔȒȈȉǻ ȐȄȀȊȈȒȓȈȉǻ ȀȏȎȓȄȊǼȒȋȀȓȀ. ǧ ȏȎȈțȓȆȓȀȑ ȓȆȑ ȏȐȎȒȎȋȎǾȘȒȆȑ 

ȉȀȇȎȐǾȅȄȓȀȈ ȒȔȖȌǻ Ȁȏț ȋǾȀ ȒȓȀȓȈȒȓȈȉǽ ȀȌȓȈȉȄȈȋȄȌȈȉǽ ȒȔȌǻȐȓȆȒȆ, țȏȘȑ 

ȄǾȌȀȈ Ȇ ȄȊȀȖȈȒȓȎȏȎǾȆȒȆ ȓȎȔ ȒȔȌȓȄȊȄȒȓǽ ȒȔȒȖǼȓȈȒȆȑ. 

ǬȄȐȈȉǼȑ ȕȎȐǼȑ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȋǾȀ ȒȄȈȐǻ ȁȆȋǻȓȘȌ țȏȎȔ 

ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȃȈȀȕȎȐȄȓȈȉǼȑ ȎȋǻȃȄȑ ȏȀȐȀȋǼȓȐȘȌ ȉȀȈ ȃȈȀȕȎȐȄȓȈȉǼȑ 

ȀȌȓȈȉȄȈȋȄȌȈȉǼȑ ȒȔȌȀȐȓǽȒȄȈȑ ȒȄ ȉǻȇȄ ȁǽȋȀ. ǲȄ ȎȐȈȒȋǼȌȄȑ ȏȐȎȒȄȂȂǾȒȄȈȑ 

ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȏȎȊȊȀȏȊǼȑ ȀȌȓȈȉȄȈȋȄȌȈȉǼȑ ȒȔȌȀȐȓǽȒȄȈȑ ȂȈȀ ȓȆȌ 

ȏȐȎȒȏǻȇȄȈȀ ȄȜȐȄȒȆȑ ȋȈȀȑ ȎȋǻȃȀȑ ȏȀȐȀȋǼȓȐȘȌ ȏȎȔ ȇȀ ȏȀȐǻȂȎȔȌ 

ȉȀȊȜȓȄȐȀ ȀȏȎȓȄȊǼȒȋȀȓȀ. ǧ ȀȔȓțȋȀȓȆ ȁȀȇȋȎȌțȋȆȒȆ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ 

ȉȔȐǾȘȑ ȂȈȀ ȓȆ ȁȀȇȋȎȌțȋȆȒȆ ȋȄȋȎȌȘȋǼȌȘȌ ȊȄȉȀȌȝȌ ȀȏȎȐȐȎǽȑ (Zhao et 

al., 2 020) . 

 

 

 

 

2.4 ǬȎȌȓǼȊȎ SWAT (Soil and Water Assessment Tool)  
 

2.4.1 ǣȄȌȈȉǽ ǰȄȐȈȂȐȀȕǽ ǬȎȌȓǼȊȎȔ 

 

ǳȎ SWAT ð Soil and Water Assessment Tool ȄǾȌȀȈ ǼȌȀ 

ȆÕȈȉȀȓȀȌȄÕȆÕǼȌȎ ȔȃȐȎȊȎȂȈȉț ȋȎȌȓǼȊȎ ȕȔȒȈȉǽȑ ȁǻȒȆȑ ȓȎ ȎȏȎǾȎ 

ȄȕȀȐȋțȅȄȓȀȈ ȂȈȀ ȋȀȉȐȎȖȐțȌȈȎȔȑ ȖȐȎȌȈȉȎȜȑ ȎȐǾȅȎȌȓȄȑ ȉȀȈ ȂȈȀ ȒȔȌȄȖǽ 

ȏȐȎȒȎȋȎǾȘȒȆ. ǥǾȌȀȈ ȉȀȓǻȊȊȆȊȎ ȂȈȀ ȓȆȌ ȀȍȈȎȊțȂȆȒȆ ȓȘȌ ȃȈȀȖȄȈȐȈȒȓȈȉȝȌ 

ȀȏȎȕǻȒȄȘȌ, ȂȈȀ ȊȄȉǻȌȄȑ ȋȄȒȀǾȎȔ ȉȀȈ ȋȄȂǻȊȎȔ ȋȄȂǼȇȎȔȑ, ȏȐȎȒȎȋȎǾȘȒȆ 

ȔȃȀȓȈȉȎȜ ȈȒȎȅȔȂǾȎȔ ȉȀȈ ȉȀȓȀȌȎȋǽ ȐȜȏȀȌȒȆȑ ȒȓȆ ȊȄȉǻȌȆ (Arnold  et al ., 

2012) . 

ǳȎ ȋȎȌȓǼȊȎ ȄȏȈȓȐǼȏȄȈ ȋȈȀ ȒȄȈȐǻ ȃȈȀȕȎȐȄȓȈȉȝȌ ȕȔȒȈȉȝȌ ȃȈȀȃȈȉȀȒȈȝȌ 

ȂȈȀ ȏȐȎȒȎȋȎǾȘȒȆ ȒȄ ÕǾȀ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ. ǣȈȀ ȓȎȌ ȒȉȎȏț ȀȔȓț Ȇ ȊȄȉǻȌȆ 

ȀȏȎȐȐȎǽȑ ȖȘȐǾȅȄȓȀȈ ȒȄ ȔȏȎȊȄȉǻȌȄȑ ȀȏȎȐȐȎǽȑ (ȔȏȎȏȄȐȈȎȖǼȑ). ǡȔȓț ÕȀȑ 

ȁȎȆȇǻȄȈ ȃȈțȓȈ ȒȄ ÕǾȀ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ ȔȏǻȐȖȎȔȌ ȏȄȐȈȎȖǼȑ ÕȄ 

ȃȈȀȕȎȐȄȓȈȉǼȑ ȖȐǽȒȄȈȑ ȂȆȑ ǽ ȄȃǻȕȆ ȀȌțȋȎȈȀ ȒȄ ȈȃȈțȓȆȓȄȑ ȏȎȔ ȄȏȆȐȄǻȅȎȔȌ 

ȃȈȀȕȎȐȄȓȈȉǻ ȓȆȌ ȔȃȐȎȊȎȂǾȀ. ǬȄ ȓȎȌ ȃȈȀȖȘȐȈȒȋț ȓȆȑ ȊȄȉǻȌȆȑ ȀȏȎȐȐȎǽȑ ȒȄ 

ȃȈȀȕȎȐȄȓȈȉǼȑ ȋȄȓȀȍȜ ȓȎȔȑ ȏȄȐȈȎȖǼȑ, Ȏ ȖȐǽȒȓȆȑ ȋȏȎȐȄǾ ȌȀ ȀȌȀȕȄȐȇȄǾ ȒȄ 

ȃȈȀȕȎȐȄȓȈȉǼȑ ȔȏȎȊȄȉǻȌȄȑ (Glavan and Pintar, 2012) . 
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ǥȈȉțȌȀ 2.8: ǰȐȎȒȎȋȎǾȘȒȆ ǴȃȐȎȊȎȂȈȉȎȜ ǪȜȉȊȎȔ ȒȓȎ  SWAT 

 

ǳȀ ȃȄȃȎȋǼȌȀ ȄȈȒțȃȎȔ ȂȈȀ ȉǻȇȄ ȔȏȎȊȄȉǻȌȆ ȎȋȀȃȎȏȎȈȎȜȌȓȀȈ ǽ 

ȎȐȂȀȌȝȌȎȌȓȀȈ ȒȓȈȑ ȀȉțȊȎȔȇȄȑ ȉȀȓȆȂȎȐǾȄȑ: ȉȊǾȋȀ, ȋȎȌǻȃȄȑ ȔȃȐȎȊȎȂȈȉǽȑ 

ȀȏțȉȐȈȒȆȑ ( Hydrologic Response Units ð HRUs), ȊǾȋȌȄȑ ð ȔȂȐȎȁȈțȓȎȏȎȈ, 

ȔȏțȂȄȈȀ ȜȃȀȓȀ ȉȀȈ ȓȎ ȉȜȐȈȎ ȉȀȌǻȊȈ , ǼȉȓȀȒȆ, ȏȎȔ ȃȈȀȐȐǼȄȈ Ȇ ȔȏȎȊȄȉǻȌȆ. 

ǯȈ ȋȎȌǻȃȄȑ ȔȃȐȎȊȎȂȈȉǽȑ ȀȏțȉȐȈȒȆȑ ȄǾȌȀȈ ȎȋȀȃȎȏȎȈȆȋǼȌȄȑ ȄȉȓǻȒȄȈȑ ȄȌȓțȑ 

ȓȆȑ ȔȏȎȊȄȉǻȌȆȑ ȏȎȔ ȀȏȎȓȄȊȎȜȌȓȀȈ Ȁȏț ȋȎȌȀȃȈȉȎȜȑ ȒȔȌȃȔȀȒȋȎȜȑ 

ȉǻȊȔȗȆȑ ȂȆȑ, ȄȃǻȕȎȔȑ ȉȀȈ ȃȈȀȖȄǾȐȈȒȆȑ (Neitsch  et al ., 2009) .  

ǳȎ SWAT ȏȐȎȉȄȈȋǼȌȎȔ ȌȀ ȏȐȎȁȊǼȗȄȈ ÕȄ ȀȉȐǾȁȄȈȀ ȓȆȌ ȉȔȉȊȎȕȎȐǾȀ 

ȓȘȌ ȕȔȓȎȕȀȐȋǻȉȘȌ, ȓȘȌ ȈȅȆȋǻȓȘȌ ǽ ȓȘȌ ȇȐȄȏȓȈȉȝȌ ȎȔȒȈȝȌ, ȏȐǼȏȄȈ Ȏ 

ȔȃȐȎȊȎȂȈȉțȑ ȉȜȉȊȎȑ ȌȀ ȒȔȋȕȘȌȄǾ ÕȄ ȓȀ ȂȄȂȎȌțȓȀ ȏȎȔ ȏȀǾȐȌȎȔȌ ȋǼȐȎȑ 

ȒȓȆȌ ȊȄȉǻȌȆ. ǣȈõ ȀȔȓț Ȇ ȏȐȎȒȎȋȎǾȘȒȆ ȓȆȑ ȔȃȐȎȊȎȂǾȀȑ ȖȘȐǾȅȄȓȀȈ ȒȄ ȃȜȎ 

ȉȜȐȈȀ ȓȋǽȋȀȓȀ. ǳȎ ȏȐȝȓȎ ȄǾȌȀȈ ȎȈ ȃȈȄȐȂȀȒǾȄȑ ȏȎȔ ȂǾȌȎȌȓȀȈ ȒȓȎ ǼȃȀȕȎȑ ȓȎȔ 

ȔȃȐȎȊȎȂȈȉȎȜ ȉȜȉȊȎȔ ȏȎȔ ȄȊǼȂȖȎȔȌ ȓȆȌ ȏȎȒțȓȆȓȀ ȌȄȐȎȜ, ȈȅȆȋǻȓȘȌ, 

ȇȐȄȏȓȈȉȝȌ ȉȀȈ ȕȔȓȎȕȀȐȋǻȉȘȌ ȒȓȎ ȉȜȐȈȎ ȉȀȌǻȊȈ ȒȄ ȉǻȇȄ ȔȏȎȊȄȉǻȌȆ. ǳȎ 

ȃȄȜȓȄȐȎ ȄǾȌȀȈ Ȇ ȃȐȎȋȎȊțȂȆȒȆ ȓȎȔ ȔȃȐȎȊȎȂȈȉȎȜ ȉȜȉȊȎȔ ȃȆȊȀȃǽ Ȇ ȉǾȌȆȒȆ 

ȓȎȔ ȌȄȐȎȜ, ȓȘȌ ȈȅȆȋǻȓȘȌ ÕǼȒȘ ȓȎȔ ȃȈȉȓȜȎȔ ȉȀȌȀȊȈȝȌ ȓȆȑ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ 

ȒȓȆȌ ǼȍȎȃȎ (Fukunaga et al., 2015) . 
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ǯ ȔȃȐȎȊȎȂȈȉțȑ ȉȜȉȊȎȑ țȏȘȑ ȏȐȎȒȎȋȎȈȝȌȄȓȀȈ ȒȓȎ SWAT ȄǾȌȀȈ 

ȁȀȒȈȒȋǼȌȎȑ ȒȓȆȌ ȄȍǾȒȘȒȆ: 

 

SWt = SW0 + Rday  - Qsurf  ð Ea ð Wseep - Qgw (2.1)  

 

țȏȎȔ: 

 

Ὓὡ: ȓȄȊȈȉǽ ȏȎȒțȓȆȓȀ ȌȄȐȎȜ ȒȓȎ ǼȃȀȕȎȑ (mm  H2O) 

Ὓὡ: ȀȐȖȈȉǽ ȏȎȒțȓȆȓȀ ȌȄȐȎȜ ȒȓȎ ǼȃȀȕȎȑ (mm  H2O) 

Ὑ : ȏȎȒțȓȆȓȀ ȉȀȓȀȉȐǽȋȌȈȒȆȑ ȓȆȌ ȆȋǼȐȀ i  (mm  H2O) 

ὗ : ȏȎȒțȓȆȓȀ ȄȏȈȕȀȌȄȈȀȉǽȑ ȀȏȎȐȐȎǽȑ ȓȆȌ ȆȋǼȐȀ i  (mm  H2O) 

Ὁ: ȏȎȒțȓȆȓȀ ȄȍȀȓȋȈȒȎȃȈȀȏȌȎǽȑ ȓȆȌ ȆȋǼȐȀ i  (mm  H2O) 

ὡ : ȏȎȒțȓȆȓȀ ȌȄȐȎȜ ȏȎȔ ȄȈȒǼȐȖȄȓȀȈ ȒȓȆȌ ȅȝȌȆȑ vadose Ȁȏț ȓȎ ȄȃȀȕȈȉǽ 

ȄȏȈȕǻȌȄȈȀ ȓȆȌ ȆȋǼȐȀ i  (mm  H2O) 

ὗ : ȏȎȒțȓȆȓȀ ȌȄȐȎȜ ȔȏțȂȄȈȀȑ ȐȎǽȑ ȓȆȌ ȆȋǼȐȀ i  (mm  H2O) 

 

ǧ ȔȏȎȃȈȀǾȐȄȒȆ ȓȆȑ ȊȄȉǻȌȆȑ ȀȏȎȐȐȎǽȑ ȄȏȈȓȐǼȏȄȈ ȒȓȎ ȋȎȌȓǼȊȎ ȌȀ 

ȄȉȕȐǻȅȄȈ ȓȈȑ ȃȈȀȕȎȐǼȑ ȒȓȆ ȄȍȀȓȋȈȒȎȃȈȀȏȌȎǽ ȂȈȀ ȃȈǻȕȎȐȄȑ ȉȀȊȊȈǼȐȂȄȈȄȑ ȉȀȈ 

ȄȃǻȕȆ. ǧ ȀȏȎȐȐȎǽ ȔȏȎȊȎȂǾȅȄȓȀȈ ȍȄȖȘȐȈȒȓǻ ȂȈȀ ȉǻȇȄ HRU ȉȀȈ ȒȓȆ 

ȒȔȌǼȖȄȈȀ ȔȏȎȊȎȂǾȅȄȓȀȈ Ȇ ȒȔȌȎȊȈȉǽ ȀȏȎȐȐȎǽ ȂȈȀ ȓȆȌ ȊȄȉǻȌȆ. ǡȔȓț ȀȔȍǻȌȄȈ 

ȓȆȌ ȀȉȐǾȁȄȈȀ ȉȀȈ ȃǾȌȄȈ ȋȈȀ ȏȎȊȜ ȉȀȊȜȓȄȐȆ ȕȔȒȈȉǽ ȏȄȐȈȂȐȀȕǽ ȓȆȑ 

ȈȒȎȐȐȎȏǾȀȑ ȓȎȔ ȌȄȐȎȜ (Glavan and Pintar, 2012) . 

 

 

2.4.2 ǰȄȐȈȂȐȀȕǽ ǪȊǾȋȀȓȎȑ ȉȀȈ ǴȃȐȎȊȎȂǾȀȑ 

 

ǳȎ ȉȊǾȋȀ ȓȆȑ ȊȄȉǻȌȆȑ ȀȏȎȐȐȎǽȑ ȏȀȐǼȖȄȈ ȓȈȑ ȄȈȒȐȎǼȑ ȔȂȐȀȒǾȀȑ ȉȀȈ 

ȄȌǼȐȂȄȈȀȑ ȏȎȔ ȄȊǼȂȖȎȔȌ ȓȆȌ ȈȒȎȐȐȎȏǾȀ ȓȎȔ ȌȄȐȎȜ. ǯȈ ȉȊȈȋȀȓȈȉǼȑ 

ȋȄȓȀȁȊȆȓǼȑ ȏȎȔ ȀȏȀȈȓȎȜȌȓȀȈ Ȁȏț ȓȎ SWAT ȏȄȐȈȊȀȋȁǻȌȎȔȌ, ȉȀȇȆȋȄȐȈȌǽ 

ȁȐȎȖțȏȓȘȒȆ, ȋǼȂȈȒȓȆ ð ȄȊǻȖȈȒȓȆ ȇȄȐȋȎȉȐȀȒǾȀ ȀǼȐȀ, ȆȊȈȀȉǽ ȀȉȓȈȌȎȁȎȊǾȀ, 

ȓȀȖȜȓȆȓȀ ȀȌǼȋȎȔ ȉȀȈ ȒȖȄȓȈȉǽ ȔȂȐȀȒǾȀ. ǳȎ ȋȎȌȓǼȊȎ ȄȏȈȓȐǼȏȄȈ ȓȈȋǼȑ ȂȈõ 

ȀȔȓǼȑ ȓȈȑ ȋȄȓȀȁȊȆȓǼȑ ȄȈȒȀȂțȋȄȌȀ Ȁȏț ȀȐȖȄǾȀ ȏȀȐȀȓȆȐȎȜȋȄȌȘȌ ȃȄȃȎȋǼȌȘȌ 

ǽ ȌȀ ȃȆȋȈȎȔȐȂȎȜȌȓȀȈ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȏȐȎȒȎȋȎǾȘȒȆȑ (Omani  et al ., 

2007) . 

ǳȎ SWAT ȓȀȍȈȌȎȋȄǾ ȓȆ ȁȐȎȖțȏȓȘȒȆ Șȑ ȁȐȎȖǽ ǽ ȖȀȊǻȅȈ ð ȖȈțȌȈ 

ȖȐȆȒȈȋȎȏȎȈȝȌȓȀȑ ȓȆ ȋǼȒȆ ȆȋȄȐǽȒȈȀ ȇȄȐȋȎȉȐȀȒǾȀ. ǧ ȇȄȐȋȎȉȐȀȒǾȀ ȓȎȔ 

ȄȃǻȕȎȔȑ ȄȏȆȐȄǻȅȄȈ ȓȆȌ ȉǾȌȆȒȆ ȓȎȔ ȌȄȐȎȜ. ǧ ȋǼȒȆ ȆȋȄȐǽȒȈȀ ȇȄȐȋȎȉȐȀȒǾȀ 

ȄȃǻȕȎȔȑ ȔȏȎȊȎȂǾȅȄȓȀȈ ȒȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȄȃǻȕȎȔȑ ȉȀȈ ȒȓȎ ȉǼȌȓȐȎ ȉǻȇȄ 

ȒȓȐȝȒȆȑ ȓȎȔ ȄȃǻȕȎȔȑ. ǧ ȇȄȐȋȎȉȐȀȒǾȀ ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ ȓȎȔ ȄȃǻȕȎȔȑ ȄǾȌȀȈ 

ȒȔȌǻȐȓȆȒȆ ȓȆȑ ȉǻȊȔȗȆȑ ȓȎȔ ȖȈȎȌȈȎȜ, ȓȆȑ ȕȔȓȎȉǻȊȔȗȆȑ , ȓȆ ȇȄȐȋȎȉȐȀȒǾȀ 

ȄȃǻȕȎȔȑ ȏȎȔ ȃȄȌ ȉȀȊȜȏȓȄȓȀȈ ȉȀȈ ȓȆȑ ȇȄȐȋȎȉȐȀȒǾȀȑ ȓȎȔ ȄȃǻȕȎȔȑ ȓȆȑ 

ȏȐȎȆȂȎȜȋȄȌȆȑ ȆȋǼȐȀȑ (Epelde et al., 2015) . ǧ ȇȄȐȋȎȉȐȀȒǾȀ ȄȌțȑ 

ȒȓȐȝȋȀȓȎȑ ȄȃǻȕȎȔȑ ȄǾȌȀȈ ȒȔȌǻȐȓȆȒȆ ȓȆȑ ȇȄȐȋȎȉȐȀȒǾȀȑ ȓȆȑ ȄȏȈȕǻȌȄȈȀȑ, 

ȋǼȒȆ ȄȓǽȒȈȀ ȇȄȐȋȎȉȐȀȒǾȀ ȓȎȔ ȀǼȐȀ ȉȀȈ ȓȎȔ ȁǻȇȎȔȑ ȒȓȎ ǼȃȀȕȎȑ ȒȓȎ ȎȏȎǾȎ 

ȃȄȌ ȒȔȋȁȀǾȌȄȈ ȏȊǼȎȌ ȋȄȓȀȁȎȊǽ ȓȆȑ ȇȄȐȋȎȉȐȀȒǾȀȑ ȊțȂȘ ȀȊȊȀȂȝȌ ȒȓȈȑ 
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ȉȊȈȋȀȓȎȊȎȂȈȉǼȑ ȒȔȌȇǽȉȄȑ. ǳȎ ȁǻȇȎȑ ȀȔȓț ȀȌȀȕǼȐȄȓȀȈ Șȑ ȁǻȇȎȑ 

ȀȏțȒȁȄȒȆȑ ȉȀȈ ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȆȌ ȏȔȉȌțȓȆȓȀ țȂȉȎȔ ȉȀȈ ȓȆȌ 

ȏȄȐȈȄȉȓȈȉțȓȆȓȀ ȓȎȔ ȄȃǻȕȎȔȑ ȒȄ ȌȄȐț. 

ǪȀȇȝȑ ȕȓǻȌȄȈ ȒȓȎ ǼȃȀȕȎȑ Ȇ ȁȐȎȖțȏȓȘȒȆ, ȄǾȓȄ ȒȔȂȉȐȀȓȄǾȓȀȈ Ȁȏț ȓȎ 

ȕȜȊȊȘȋȀ ȓȘȌ ȕȔȓȝȌ ȄǾȓȄ ȕȓǻȌȄȈ ȒȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȄȃǻȕȎȔȑ. ǲȓȆ ȒȔȌǼȖȄȈȀ 

ȓȎ ȌȄȐț ȇȀ ȃȈȄȈȒȃȜȒȄȈ ȒȓȎ ǼȃȀȕȎȑ ǽ ȇȀ ȐǼȄȈ ȖȄȐȒȀǾȀ. ǧ ȄȏȈȕȀȌȄȈȀȉǽ 

ȀȏȎȐȐȎǽ ȉȈȌȄǾȓȀȈ ȏȐȎȑ ǼȌȀ ȉȀȌǻȊȈ ȉȀȈ ȒȔȋȁǻȊȊȄȈ ȒȓȆȌ ȁȐȀȖȔȏȐțȇȄȒȋȆ 

ȀȏțȉȐȈȒȆ ȓȆȑ ȐȎǽȑ ȓȎȔ. ǳȎ ȃȈȆȇȆȋǼȌȎ ȌȄȐț ȒȔȂȉȐȀȓȄǾȓȀȈ ȒȓȎ ǼȃȀȕȎȑ ȉȀȈ 

ȀȐȂțȓȄȐȀ ȄȍȀȓȋǾȅȄȓȀȈ ǽ ȃȆȋȈȎȔȐȂȄǾ ȋȎȌȎȏǻȓȈ ȏȐȎȑ ȓȈȑ ȄȏȈȕȀȌȄȈȀȉǼȑ 

ȀȏȎȐȐȎǼȑ ÕǼȒȘ ȔȏțȂȄȈȘȌ ȃȈȀȃȐȎȋȝȌ (Romagnoli et al., 2017) . 

 

2.4.3 ǪǻȊȔȗȆ ǣȆȑ ð ǡȌǻȏȓȔȍȆ ȕȔȓȝȌ 

 

ǳȎ SWAT ȖȐȆȒȈȋȎȏȎȈȄǾ ǼȌȀ ȋȎȌȓǼȊȎ ȀȌǻȏȓȔȍȆȑ ȕȔȓȝȌ ȂȈȀ ȓȆȌ 

ȏȐȎȒȎȋȎǾȘȒȆ țȊȘȌ ȓȘȌ ȄȈȃȝȌ ȄȃȀȕȎȉǻȊȔȗȆȑ, ȄȌȝ ȃȈȀȕȎȐȎȏȎȈȄǾ ȓȀ ȄȓǽȒȈȀ 

ÕȄ ȓȀ ȏȎȊȔȄȓǽ ȕȔȓǻ. ǳȀ ȄȓǽȒȈȀ ȕȔȓǻ ȀȌȀȏȓȜȒȒȎȌȓȀȈ Ȁȏț ȓȆȌ ȆȋȄȐȎȋȆȌǾȀ 

ȕȜȓȄȔȒȆȑ ǼȘȑ ȓȆȌ ȆȋȄȐȎȋȆȌǾȀ ȒȔȂȉȎȋȈȃǽȑ, ȉȀȇȝȑ ȓȀ ȏȎȊȔȄȓǽ ȕȔȓǻ 

ȃȈȀȓȆȐȎȜȌ ȓȀ ȐȈȅȈȉǻ ȓȎȔȑ ȒȔȒȓǽȋȀȓȀ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ țȊȎȔ ȓȎȔ ǼȓȎȔȑ 

(ȀȃȐȀȌȎȏȎȈȎȜȌȓȀȈ ȓȎȔȑ ȖȄȈȋȄȐȈȌȎȜȑ ȋǽȌȄȑ). ǧ ȒȔȌǼȖȄȈȀ ȓȆȑ ȀȌǻȏȓȔȍȆȑ ȓȎȔ 

ȕȔȓȎȜ ǼȐȖȄȓȀȈ țȓȀȌ Ȇ ȋǼȒȆ ȇȄȐȋȎȉȐȀȒǾȀ ȓȎȔ ȀǼȐȀ ȔȏȄȐȁȀǾȌȄȈ ȓȆȌ 

ȄȊǻȖȈȒȓȆ ȀȏȀȐȀǾȓȆȓȆ ȇȄȐȋȎȉȐȀȒǾȀ (Gassman et al., 2014) . ǳȎ ȋȎȌȓǼȊȎ 

ȀȌǻȏȓȔȍȆȑ ȕȔȓȝȌ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȂȈȀ ȓȆȌ ȄȉȓǾȋȆȒȆ ȀȏȎȋǻȉȐȔȌȒȆȑ ȌȄȐȎȜ 

ȉȀȈ ȓȘȌ ȇȐȄȏȓȈȉȝȌ ȎȔȒȈȝȌ Ȁȏț ȓȆȌ ȐǾȅȀ, ȓȆ ȃȈȀȏȌȎǽ ȉȀȈ ȓȆȌ ȏȀȐȀȂȘȂǽ 

ȁȈȎȋǻȅȀȑ. 

 

ǧ ȏȈȇȀȌǽ ȀȜȍȆȒȆ ȓȆȑ ȁȈȎȋǻȅȀȑ ȓȘȌ ȕȔȓȝȌ ȒȄ ȋȈȀ ȃȄȃȎȋǼȌȆ ȆȋǼȐȀ 

ȎȐǾȅȄȓȀȈ Șȑ Ȇ ȀȜȍȆȒȆ ȓȆȑ ȁȈȎȋǻȅȀȑ ȒȄ ȈȃȀȌȈȉǼȑ ȒȔȌȇǽȉȄȑ. ǧ ȆȋȄȐǽȒȈȀ 

ȏȈȇȀȌǽ ȀȜȍȆȒȆ ȁȈȎȋǻȅȀȑ ȄǾȌȀȈ ȒȔȌǻȐȓȆȒȆ ȓȆȑ ȀȏȎȐȐȎȕȆȋǼȌȆȑ ȄȌǼȐȂȄȈȀȑ 

ȓȎȔ ȕȔȓȎȜ ȉȀȈ ȓȆȑ ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓȀȑ ȀȔȓȎȜ ȌȀ ȓȆȌ ÕȋȄȓȀȓȐǼȗȄȈ ȒȄ 

ȁȈȎȋǻȅȀ. ǧ ȄȌǼȐȂȄȈȀ ȀȔȓǽ ȔȏȎȊȎȂǾȅȄȓȀȈ ȒȔȌȔȏȎȊȎȂǾȅȎȌȓȀȑ ȓȆȌ ȆȊȈȀȉǽ 

ȀȉȓȈȌȎȁȎȊǾȀ ȉȀȈ ȓȆȌ ǼȉȓȀȒȆ ȓȆȑ ȕȔȊȊȘȒȈǻȑ ȓȎȔ ȕȔȓȎȜ.  

ǧ ȏȐțȒȊȆȗȆ ȀȅȝȓȎȔ ȉȀȈ ȕȘȒȕțȐȎȔ Ȁȏț ȕȔȓǻ ȄȉȓȈȋǻȓȀȈ ÕȄ ȓȆ 

ȋǼȇȎȃȎ ȏȐȎȒȕȎȐǻȑ ð ȅǽȓȆȒȆȑ, țȏȎȔ ȎȈ ȉȀȇȆȋȄȐȈȌǼȑ ȀȏȀȈȓǽȒȄȈȑ ȒȄ ǻȅȘȓȎ 

ȉȀȈ ȕȝȒȕȎȐȎ ȔȏȎȊȎȂǾȅȎȌȓȀȈ Șȑ Ȇ ȃȈȀȕȎȐǻ ȓȆȑ ȏȐȀȂȋȀȓȈȉǽȑ ȒȔȂȉǼȌȓȐȘȒȆȑ 

ȓȎȔ ȉǻȇȄ ȒȓȎȈȖȄǾȎȔ ȒȓȎ ȕȔȓț ÕȄ ȓȆ ȁǼȊȓȈȒȓȆ ȒȔȂȉǼȌȓȐȘȒȆ. ǧ ȏȈȇȀȌǽ 

ȀȌǻȏȓȔȍȆ ȉȀȈ ȀȏțȃȎȒȆ ȓȘȌ ȕȔȓȝȌ ȒȔȌǽȇȘȑ ȃȄȌ ȄȏȈȓȔȂȖǻȌȄȓȀȈ ȊțȂȘ 

ȏȄȐȈȎȐȈȒȋȝȌ ȓȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ. ǳȎ ȋȎȌȓǼȊȎ ȄȉȓȈȋǻ ȓȈȑ ȉȀȓȀȏȎȌǽȒȄȈȑ ȏȎȔ 

ȏȐȎȉȀȊȎȜȌȓȀȈ Ȁȏț ȓȎ ȌȄȐț, ȓȀ ȇȐȄȏȓȈȉǻ ȒȔȒȓȀȓȈȉǻ ȉȀȈ ȓȆ ȇȄȐȋȎȉȐȀȒǾȀ 

(Tan et al., 2019) . 

 

 

 

 

 

 

 



18  
 

2.5 SWAT Karst  Model  
 

ǲȓȆȌ ȏȄȐȈȎȖǽ ȋȄȊǼȓȆȑ ȔȏǻȐȖȎȔȌ ȃȜȎ ȉȀȐȒȓȈȉǼȑ ȏȆȂǼȑ ȓȎȔ ǲȓȜȊȎȔ 

ȉȀȈ ȓȘȌ ǡȐȋǼȌȘȌ. ǳȎ ȔȏțȂȄȈȎ ȌȄȐț ȐǼȄȈ ȔȏțȂȄȈȀ ȃȈȀȋǼȒȎȔ ȓȘȌ ȔȏțȂȄȈȘȌ 

ȀȂȘȂȝȌ ȏȐȎȑ ȓȆ ȇǻȊȀȒȒȀ țȏȎȔ ȉȀȈ ȀȌȀȁȊȜȅȄȈ. ǳȎ ȋȎȌȓǼȊȎ ȃȈȀȋȎȐȕȝȇȆȉȄ 

ǼȓȒȈ ȝȒȓȄ ȌȀ ȏȐȎȒȎȋȎȈȝȌȄȈ ȓȆȌ ȔȃȐȎȊȎȂȈȉǽ ȄȏǾȃȐȀȒȆ ȓȘȌ ȉȀȐȒȓȈȉȝȌ ȏȆȂȝȌ 

ȒȓȆȌ ȄȉȁȎȊǽ ȓȎȔ ȏȎȓȀȋȎȜ (Nikolaidis et al., 201 3). 

 

 

 
 

ǥȈȉțȌȀ 2.9: ǡȌȀȏȀȐǻȒȓȀȒȆ ǪȀȐȒȓȈȉȎȜ ǬȎȌȓǼȊȎȔ 

 

ǳȀ ȈȒȎȅȜȂȈȀ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ ȂȈȀ ȓȆȌ ȀȌǻȏȓȔȍȆ ȓȎȔ ȋȎȌȓǼȊȎȔ ȄǾȌȀȈ: 

 

ǩȒȎȅȜȂȈȎ ȋǻȅȀȑ ǻȌȘ ȓȀȋȈȄȔȓǽȐȀ: 

 

 = ὗ ȟ - ὗ  (2.5)  

 

ǩȒȎȅȜȂȈȎ ȋǻȅȀȑ ȉǻȓȘ ȓȀȋȈȄȔȓǽȐȀ: 

 

 = ὗ ȟ - ὗ  (2.6)  

 

 

 

 

țȏȎȔ: 

ὗ ȟ = ὥā ὗ ȟ  (2.7)  

 

ὗ ȟ = (ρ ὥ)ā ὗ ȟ  + ὥ (2.8)  

 

ὗ=ὑā ὠ (2.9)  

 

ὗ=ὑā ὠ (2.10)  
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ὗ ȟ  : ȁȀȇȈǻ ȔȏțȂȄȈȀ ȀȏȎȐȐȎǽ  

 

ὥ: ȒȔȌȓȄȊȄȒȓǽȑ ǻȌȘ ȓȀȋȈȄȔȓǽȐȀ 

 

ὥ: ȒȔȌȓȄȊȄȒȓǽȑ ȐȎǽȑ ȏȎȔ ȀȏȎȐȐǼȄȈ Ȁȏț ȓȎȌ ȀȌǻȌȓȈ ȒȓȎȌ ȉȀȓǻȌȓȈ 

ȓȀȋȈȄȔȓǽȐȀ 

 

ὑ , ὑ: ȒȔȌȓȄȊȄȒȓǽȑ ȔȏȎȖȝȐȆȒȆȑ ȂȈȀ ȀȌǻȌȓȈ ȉȀȈ ȉȀȓǻȌȓȈ ȓȀȋȈȄȔȓǽȐȀ  

 

ǣȈȀ ȒȓȀȇȄȐǻ ὗ ȟ ȉȀȈ ὗ ȟ (ȆȋȄȐǽȒȈȎ ȁǽȋȀ) ȎȈ ȀȌȀȊȔȓȈȉǼȑ ȊȜȒȄȈȑ ȓȆȑ ὗ 

ȉȀȈ ὗ  ȄǾȌȀȈ: 

 

ὗ= ὗȟὩ  + ὗ ȟ(1-Ὡ ) 

 

ὗ= ὗȟὩ  +(1-ὥ) ὗ ȟ(1-Ὡ ) 

 

ǧ ȎȊȈȉǽ ȉȀȐȒȓȈȉǽ ȀȏȎȐȐȎǽ ȔȏȎȊȎȂǾȅȄȓȀȈ Ȁȏț: 

 

ὗ ρ ὥ ὗ + ὗ  

 

 

 

2.6 Shared  Socio-Economic Pathways  

 
ǯ ȏȈȎ ȖȀȐȀȉȓȆȐȈȒȓȈȉțȑ ȃȄǾȉȓȆȑ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȄǾȌȀȈ Ȇ 

ȀȜȍȆȒȆ ȓȆȑ ȋǼȒȆȑ ȇȄȐȋȎȉȐȀȒǾȀȑ ȓȎȔ ȏȊȀȌǽȓȆ, Ȇ ȎȏȎǾȀ ȒȆȋȀǾȌȄȈ ȉȀȈ 

ǻȌȎȃȎ ȓȆȑ ȒȓǻȇȋȆȑ ȓȆȑ ȇǻȊȀȒȒȀȑ, ȏȊȆȋȋȜȐȄȑ, ȍȆȐȀȒǾȀ, ȀȉȐȀǾȀ ȉȀȈȐȈȉǻ 

ȕȀȈȌțȋȄȌȀ, ȄȍȀȕǻȌȈȒȆ ȎȈȉȎȒȔȒȓȆȋǻȓȘȌ. ǲȄ ȏȀȂȉțȒȋȈȎ ȄȏǾȏȄȃȎ ǼȖȄȈ ǽȃȆ 

ȀȔȍȆȇȄǾ Ȇ ȋǼȒȆ ȄȓǽȒȈȀ ȇȄȐȋȎȉȐȀȒǾȀ ȉȀȓǻ 1 oC , ȄȌȝ ÕȄ ȓȐǼȖȎȔȒȄȑ ȋȄȊǼȓȄȑ 

ȒȓȆȌ ǥȊȊǻȃȀ Ȇ ȀȜȍȆȒȆ ȋȏȎȐȄǾ ȌȀ ȕȇǻȒȄȈ ǼȘȑ ȉȀȈ 6 oC ȓȎ 2100 ȄǻȌ 

ȏȀȂȉȎȒȋǾȘȑ ȃȄȌ ȔȏǻȐȍȄȈ ȃȐǻȒȆ ȂȈȀ ȓȆȌ ȀȌǻȒȖȄȒȆ ȓȆȑ ȋȄȓȀȁȎȊǽȑ ȓȎȔ 

ȉȊǾȋȀȓȎȑ (Riahi et al., 2017) . 

ǧ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȃȄȌ ȋȎȈǻȅȄȈ ÕȄ ȉȀȌǼȌȀ ǻȊȊȎ ȏȄȐȈȁȀȊȊȎȌȓȈȉț 

ȏȐțȁȊȆȋȀ ȏȎȔ ǼȖȄȈ ȀȌȓȈȋȄȓȘȏǾȒȄȈ ȏȎȓǼ Ȇ ȀȌȇȐȘȏțȓȆȓȀ. ǳȎ 

ȏȄȐȈȁȀȊȊȎȌȓȈȉț ȀȔȓț ȏȐțȁȊȆȋȀ ȄȏȆȐȄǻȅȄȈ ǼȋȋȄȒȀ ȓȆȌ ȉȎȈȌȘȌǾȀ ȉȀȈ 

ȀȏȀȈȓȄǾ ȓțȒȎ ȈȒȖȔȐǽ ȃȈȄȏȈȒȓȆȋȎȌȈȉǽ ȁǻȒȆ ȂȌȝȒȆȑ ȂȈȀ ȓȆȌ ȀȌȓȈȋȄȓȝȏȈȒȆ 

ȉȀȈ ȃȆȋȈȎȔȐȂǾȀ ȏȎȊȈȓȈȉǽȑ ȉȀȈ ǻȊȊȘȌ ȃȐǻȒȄȘȌ ȝȒȓȄ ȌȀ ȉȀȊȜȏȓȎȔȌ țȊȎ ȓȎ 

ȕǻȒȋȀ ȓȘȌ ȕȔȒȈȉȝȌ ȄȏȈȒȓȆȋȝȌ, ȓȘȌ ȉȎȈȌȘȌȈȉȝȌ ȄȏȈȒȓȆȋȝȌ ȉȀȈ ȓȘȌ 

ȀȌȇȐȘȏȈȒȓȈȉȝȌ ȄȏȈȒȓȆȋȝȌ (Chen et al., 2020)  ǳȀ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ ȓȎȔ 

ȉȊȈȋȀȓȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ ȉȀȈ Ȇ ȕȜȒȆ ȓȆȑ ȀȌȇȐȝȏȈȌȆȑ ȄȏȈȐȐȎǽȑ ȒȓȎ ȉȊǾȋȀ 

ȎȃȆȂȎȜȌ ȒȄ ȁȀȇȈǼȑ ȏȐȎȉȊǽȒȄȈȑ ȂȈȀ ȓȎȔȑ ȀȌȇȐȝȏȎȔȑ. ǥȏȈȏȊǼȎȌ Ȇ ȉȊȈȋȀȓȈȉǽ 

ȀȊȊȀȂǽ ȇȀ ǼȖȄȈ ȒȆȋȀȌȓȈȉǼȑ ȉȎȈȌȘȌȈȉǼȑ ȉȀȈ ȎȈȉȎȌȎȋȈȉǼȑ ȄȏȈȏȓȝȒȄȈȑ, țȏȘȑ 

ȄȍǻȏȊȘȒȆ ȀȒȇȄȌȄȈȝȌ, ȋȄǾȘȒȆ ȓȆȑ ȏȀȐȀȂȘȂǽȑ, ǻȌȎȃȎȑ ȓȈȋȝȌ ȏȐȎșțȌȓȘȌ, 

ȀȏȝȊȄȈȀ ȇǼȒȄȘȌ ȄȐȂȀȒǾȀȑ ȉȀȈ ȓȄȊȈȉǻ ȒȆȋȀȌȓȈȉǼȑ ȀȊȊȀȂǼȑ ȒȓȎȌ ȓȐțȏȎ ȅȘǽȑ. 

ǯȈ ǽȃȆ ȎȐȀȓǼȑ ȄȏȈȏȓȝȒȄȈȑ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȉȀȓȀȃȄȈȉȌȜȎȔȌ ȓȆȌ 
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ȀȌǻȂȉȆ ȌȀ ȀȌȀȊȆȕȇȎȜȌ ȃȐǻȒȄȈȑ ȋȄȓȐȈȀȒȋȎȜ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ, 

ȃȆȊȀȃǽ ȌȀ ȀȌȀȒȖȄȇȄǾ Ȇ ȀȌȎȃȈȉǽ ȏȎȐȄǾȀ ȓȆȑ ȋǼȒȆȑ ȇȄȐȋȎȉȐȀȒǾȀȑ ȓȎȔ 

ȏȊȀȌǽȓȆ ȉȀȇȝȑ ȉȀȈ ȃȐǻȒȄȈȑ ȏȐȎȒȀȐȋȎȂǽȑ ȒȓȆȌ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȂȈȀ ȓȎȌ 

ȏȄȐȈȎȐȈȒȋț ȓȘȌ ȅȆȋȈȝȌ ȏȎȔ ȀȔȓǽ ȒȔȌȄȏǻȂȄȓȀȈ (Kriegler et al., 2012) . 

ǳȀ Shared socio -economic pathways ȄǾȌȀȈ ȒȄȌǻȐȈȀ ȀȌǻȏȓȔȍȆȑ ÕȄ 

ȖȐǽȒȆ ȉȎȈȌȘȌȈȉȎ-ȎȈȉȎȌȎÕȈȉȝȌ ȃȄȃȎȋǼȌȘȌ ȏȎȔ ȄȒȓȈǻȅȎȔȌ ȒȓȎȌ ȋȄȓȐȈȀȒȋț 

ȉȀȈ ȒȓȆȌ ȏȐȎȒȀȐȋȎȂǽ ȒȓȆȌ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ. ǳȀ SSPs ȄǾȌȀȈ ȊȎȈȏțȌ 

ȒȄȌǻȐȈȀ ȀȌǻȏȓȔȍȆȑ ȏȎȔ ȄȌȒȘȋȀȓȝȌȎȔȌ ȏȎȈȎȓȈȉǼȑ ȉȀȈ  ȏȎȒȎȓȈȉǼȑ 

ȏȊȆȐȎȕȎȐǾȄȑ țȏȘȑ ȃȆȋȎȂȐȀȕȈȉǻ ȒȓȎȈȖȄǾȀ, ȖȐǽȒȄȈȑ ȂȆȑ, ȎȈȉȎȌȎȋȈȉǻ 

ȒȓȎȈȖȄǾȀ,  ȎȈ ȎȏȎǾȄȑ ȉȀȇȎȐǾȅȎȔȌ ǼȋȋȄȒȀ ȓȈȑ ȋȄȊȊȎȌȓȈȉǼȑ ȀȊȊȀȂǼȑ ȒȓȈȑ 

ȏȀȐȀȋǼȓȐȎȔȑ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ. (OõNeill et al., 2017). ǡȔȓǻ ȓȀ 

ȃȄȃȎȋǼȌȀ ȄȕȀȐȋțȅȎȌȓȀȈ ȒȄ ȄȏǾȏȄȃȎ ȊȄȉǻȌȆȑ ȀȏȎȐȐȎǽȑ ȂȈȀ ȌȀ ǼȖȎȔȋȄ ȏȈȎ 

ȀȉȐȈȁǽ ȄȈȉțȌȀ ȒȓȀ ȒȄȌǻȐȈȀ ȋȄȊȊȎȌȓȈȉǽȑ ȀȌǻȏȓȔȍȆȑ ȊȀȋȁǻȌȎȌȓȀȑ ȔȏțȗȈȌ 

ȉȀȈ ȓȆȌ ȒȔȋȏȄȐȈȕȎȐǻ ȓȆȑ ȏȄȐȈȎȖǽȑ Ȁȏț ȓȎ 1961 ȋǼȖȐȈ ȒǽȋȄȐȀ 

ǧ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȊțȂȘ ȓȘȌ ȀȌȇȐȝȏȈȌȎȔ ȏȀȐǻȂȎȌȓȀ ȕȀǾȌȄȓȀȈ ȌȀ 

ȔȏǻȐȖȄȈ Ȅȃȝ ȉȀȈ ȄȉȀȓȎȌȓǻȃȄȑ ȖȐțȌȈȀ. ǰȎȊȊǼȑ Ȁȏț ȓȈȑ ȏȐȎȁȊǼȗȄȈȑ ȓȘȌ 

ȀȊȊȀȂȝȌ ȓȎȔ ȉȊǾȋȀȓȎȑ ȏȐȀȂȋȀȓȎȏȎȈȎȜȌȓȀȈ ȒȄ ȉȊǾȋȀȉȀ ȖȐțȌȎȔ ȏǼȐȀ Ȁȏț 

ȓȎ 2100. ǸȒȓțȒȎ, ȓȎ 2100 ȄǾȌȀȈ ȒȓȆȌ ȏȐȀȂȋȀȓȈȉțȓȆȓȀ ǼȌȀ ȀȐȉȄȓǻ ȏȐȝȈȋȎ 

ȒȆȋȄǾȎ ȒȓȆȌ ȏȎȐȄǾȀ ȓȆȑ ȒȜȂȖȐȎȌȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ. ǯȈ ȀȌȇȐȘȏȎȂȄȌȄǾȑ 

ȀȊȊȀȂǼȑ ȒȓȎ ȉȊȈȋȀȓȈȉț ȒȜȒȓȆȋȀ ȏȎȔ ǼȖȎȔȌ ȒȔȋȁȄǾ Ȁȏț ȓȆ ȁȈȎȋȆȖȀȌȈȉǽ 

ȄȏȀȌǻȒȓȀȒȆ ȋǼȖȐȈ ȒǽȋȄȐȀ ȇȀ ȄȍȀȉȎȊȎȔȇȎȜȌ ȌȀ ȄǾȌȀȈ ȎȐȀȓǼȑ ȓȎȔȊǻȖȈȒȓȎȌ 

1000 ȖȐțȌȈȀ ȒȓȎ ȋǼȊȊȎȌ ȀȌȄȍǻȐȓȆȓȀ Ȁȏț ȓȆ ȋȄȊȊȎȌȓȈȉǽ ȏȎȐȄǾȀ ȄȉȏȎȋȏȝȌ 

(Bauer et al., 2017) . ǳȀ ȉȎȈȌȘȌȈȉȎ-ȎȈȉȎȌȎÕȈȉǻ ȒȄȌǻȐȈȀ ȀȏȎȓȄȊȎȜȌ 

ȒȆȋȀȌȓȈȉț ȄȐȂȀȊȄǾȎ ȂȈȀ ȓȆȌ ȃȈȄȐȄȜȌȆȒȆ ȓȘȌ ȋȀȉȐȎȏȐțȇȄȒȋȘȌ ȒȔȌȄȏȄȈȝȌ 

ȓȆȑ ȀȌȇȐȘȏȎȂȄȌȎȜȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ ȉȀȈ ȓȘȌ ȃȈȀȇǼȒȈȋȘȌ ȄȏȈȊȎȂȝȌ. ǧ 

ȏȈȎ ȒȔȌȄȏǽȑ ȖȐǽȒȆ ȉȎȈȌȘȌȈȉȎ-ȎȈȉȎȌȎÕȈȉȝȌ ȒȄȌȀȐǾȘȌ ȏȎȔ ȇȀ ȄȏǼȓȐȄȏȄ ȉȀȈ 

ȎȊȎȉȊȆȐȘȋǼȌȆ ȏȐȎȎȏȓȈȉǽ ȂȈȀ ȓȎȌ ȋȄȓȐȈȀȒȋț, ȓȆȌ ȏȐȎȒȀȐȋȎȂǽ ȉȀȈ ȓȈȑ 

ȔȏȎȊȄȈȏțȋȄȌȄȑ ȉȊȈȋȀȓȈȉǼȑ ȄȏȈȏȓȝȒȄȈȑ ȏȀȐȀȋǼȌȄȈ ȋȄǾȅȘȌ ȏȐțȉȊȆȒȆ. ǯ 

ȏȐȎȒȃȈȎȐȈȒȋțȑ ȄȌțȑ ȒȔȌțȊȎȔ ȏȀȂȉțȒȋȈȘȌ ȒȄȌȀȐǾȘȌ ȉȀȈ ȉȎȈȌȘȌȈȉȎ-

ȎȈȉȎȌȎÕȈȉȝȌ ȎȃȝȌ ȏȎȔ ȏȐȎȒȕǼȐȎȔȌ ȄȏȄȉȓȀȒȈȋțȓȆȓȀ ȒȄ ȃȈȀȕȎȐȄȓȈȉǻ 

ȏȄȐȈȕȄȐȄȈȀȉǻ ȄȏǾȏȄȃȀ, ȄǾȌȀȈ ǼȌȀ ȒȆȋȀȌȓȈȉț ȁǽȋȀ ȂȈȀ ȓȆȌ ȀȌȓȈȋȄȓȝȏȈȒȆ 

ȓȆȑ ȏȐțȉȊȆȒȆȑ (Pedde et al., 2019) . 

ǧ ȄȏȈȒȓǽȋȆ ȓȎȔ ȉȊǾȋȀȓȎȑ ȃȄȌ ȏȀȐǼȖȄȈ ȒȔȂȉȄȉȐȈȋǼȌȄȑ ȋȄȊȊȎȌȓȈȉǼȑ 

ȏȐȎȁȊǼȗȄȈȑ ȉȈȌȃȜȌȘȌ ȉȀȈ ȅȆȋȈȝȌ. ǯȈ ȏȐȎȁȊǼȗȄȈȑ ȄȋȏȊǼȉȎȌȓȀȈ ȒȄ 

ȔȏȎȇǼȒȄȈȑ ȒȖȄȓȈȉǻ ÕȄ ȓȎ ȏȝȑ ȓȀ ȀȌȇȐȝȏȈȌȀ ȉȀȈ ȕȔȒȈȉǻ ȒȔȒȓǽȋȀȓȀ 

ȀȌȓȀȏȎȉȐǾȌȎȌȓȀȈ ÕȄ ȓȆȌ ȏǻȐȎȃȎ ȓȎȔ ȖȐțȌȎȔ. ǳȎ ȉȊǾȋȀ ȄǾȌȀȈ ȀȏȎȓǼȊȄȒȋȀ 

ȄȌțȑ ȒȜȌȇȄȓȎȔ ȂȄȘ-ȀȓÕȎȒȕȀȈȐȈȉȎ-ȎȈȉȎȊȎȂȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ ȉȀȈ ȓȀ ȒȜȌȇȄȓȀ 

ȒȔȒȓǽȋȀȓȀ ǼȖȎȔȌ ȏǻȌȓȀ ȓȆȌ ȈȉȀȌțȓȆȓȀ ȌȀ ȄȉȏȊǽȒȒȎȔȌ ȉȀȇȝȑ 

ȒȔȋȏȄȐȈȕǼȐȎȌȓȀȈ ÕȄ ȀȏȐțȁȊȄȏȓȎȔȑ ȓȐțȏȎȔȑ (Popp et al., 2017) . ǵȀǾȌȄȓȀȈ 

țȓȈ ȁȐȈȒȉțȋȀȒȓȄ ȒȄ ÕǾȀ ȄȏȎȖǽ, țȏȎȔ ȎȈ ǻȌȇȐȘȏȎȈ ȎȃȆȂȎȜȌ ȏȐȀȂȋȀȓȈȉǻ 

ȒȆȋȀȌȓȈȉǼȑ ȀȊȊȀȂǼȑ ȒȓȀ ȏȀȂȉțȒȋȈȀ ȒȔȒȓǽȋȀȓȀ. ǚȓȒȈ, ȓȀ ȄȏȈȒȓȆȋȎȌȈȉǻ 

ȄȔȐǽȋȀȓǻ ȉȀȈ ȎȈ ȒȔȌǼȏȄȈǼȑ ȓȎȔȑ ȒȓȆ ȃȐǻȒȆ ȏȐǼȏȄȈ ȌȀ ȄȏȈȃȈȝȉȎȔȌ ȓȆȌ 

ȄȏȈȉȜȐȘȒȆ țȖȈ ÕțȌȎ ȄȌȓțȑ ȓȆȑ ǾȃȈȀȑ ȓȆȑ ȄȏȈȒȓȆȋȎȌȈȉǽȑ ȉȎȈȌțȓȆȓȀȑ ȀȊȊǻ 

ȉȀȈ ȄȌȓțȑ ȓȆȑ ȄȔȐȜȓȄȐȆȑ ȉȎȈȌȘȌǾȀȑ. 

ǧ ôõȄȔȀȈȒȇȆȒǾȀõõ ȒȓȆȌ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȃȄȌ ȄȍȀȐȓǻȓȀȈ ÕțȌȎ Ȁȏț ȓȈȑ 

ȀȊȊȀȂǼȑ ȓȘȌ ȏȀȐȀȋǼȓȐȘȌ ȀȔȓǽȑ ȀȊȊǻ ȉȀȈ ȒȓȈȑ ȀȊȊȀȂǼȑ ȒȓȆȌ ǾȃȈȀ ȏȄȐǾȎȃȎ 
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ȒȓȈȑ ȓȎȏȈȉǼȑ ȉȎȈȌȘȌȈȉȎ-ȎȈȉȎȌȎÕȈȉǼȑ ȒȔȌȇǽȉȄȑ țȏȘȑ ȓȎ ȋǼȂȄȇȎȑ ȉȀȈ Ȇ 

ȉȀȓȀȌȎȋǽ ȓȎȔ ȏȊȆȇȔȒȋȎȜ, ȎȈ ȎȈȉȎȌȎȋȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ, ȎȈ ȓȄȖȌȎȊȎȂǾȄȑ, 

ȉȊȏ. ǧ ȉȎȈȌȘȌǾȀ ǼȖȄȈ 3 ȒȓǻȃȈȀ ȀȌȓȈȋȄȓȝȏȈȒȆȑ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ: 

ȋȄȓȐȈȀȒȋț, ȏȐȎȒȀȐȋȎȂǽ ȉȀȈ ȀȏȎȃȎȖǽ ȓȘȌ ȔȏȎȊȄȈȏțȋȄȌȘȌ ȉȊȈȋȀȓȈȉȝȌ 

ȅȆȋȈȝȌ. ǳȎ ȄȐȝȓȆȋȀ ȃȄȌ ȏȐǼȏȄȈ ȌȀ ȄǾȌȀȈ ȏȎȈȎ ȋǼȓȐȎ ȇȀ ȃȈȀȊǼȍȎȔȋȄ ȀȊȊǻ 

ȏȎȈȎ ȒȜȌȎȊȎ ȋǼȓȐȘȌ ȇȀ ȔȈȎȇȄȓǽȒȎȔȋȄ. ǡȔȓț ȀȏȀȈȓȄǾ ȎȊȎȉȊȆȐȘȋǼȌȆ 

ȀȍȈȎȊțȂȆȒȆ ȃȄȃȎȋǼȌȘȌ Ȁȏț ȏȎȊȊǻ ȄȐȄȔȌȆȓȈȉǻ ȏȄȃǾȀ (Zhang et al., 2017) . 

ǸȒȓțȒȎ ȎȈ ȋȄȂȀȊȜȓȄȐȄȑ ȏȐȎȉȊǽȒȄȈȑ ȄǾȌȀȈ ȒȓȆȌ ȂȄȕȜȐȘȒȆ ȓȘȌ ȃȈȀȕȎȐȄȓȈȉȝȌ 

ȏȐȎȎȏȓȈȉȝȌ ȒȄ ȃȈȀȕȎȐȄȓȈȉǼȑ ȉȊǾȋȀȉȄȑ ȉȀȇȝȑ ȉȀȈ ȎȈ ȃȈȀȕȎȐȄȓȈȉǼȑ ȀȌǻȂȉȄȑ 

ȀȌǻ ȏȄȐȈȎȖǽ. 

ǬȈȀ ȀȏǻȌȓȆȒȆ ȃǾȌȄȓȀȈ Ȁȏț ȓȆȌ ȎȈȉȎȌȎȋǾȀ, Ȇ ȎȏȎǾȀ ȋȏȎȐȄǾ ȌȀ 

ȄȏȈȒȔȌǻȗȄȈ ȄȉȓȈȋǽȒȄȈȑ ȉțȒȓȎȔȑ ȒȓȈȑ ȓȐǼȖȎȔȒȄȑ ȄȏȈȏȓȝȒȄȈȑ ȉȀȈ ȓȈȑ 

ȏȐȎȁȊǼȗȄȈȑ ȓȘȌ ȋȄȊȊȎȌȓȈȉȝȌ ȄȏȈȏȓȝȒȄȘȌ ȓȆȑ ȉȊȈȋȀȓȈȉǽȑ ȀȊȊȀȂǽȑ. ǧ 

ȎȈȉȎȌȎȋǾȀ ȏȀȐǼȖȄȈ ȄȏǾȒȆȑ ǼȌȀ ȈȒȖȔȐț ȒȜȌȎȊȎ ȀȌȀȊȔȓȈȉȝȌ ȒȓȎȈȖȄǾȘȌ ȂȈȀ ȌȀ 

ȒȉȄȕȓȎȜȋȄ ȓȆȌ ȄȏȈȊȎȂǽ ȓȘȌ ȋǼȒȘȌ ȏȎȊȈȓȈȉǽȑ ȂȈȀ ȓȆȌ ȄȏǾȓȄȔȍȆ ȓȎȔ 

ȄȏȈȇȔȋȆȓȎȜ ȄȏȈȏǼȃȎȔ ȋȄȓȐȈȀȒȋȎȜ (ȄȉȕȐȀȅțȋȄȌȎ ȒȄ ȒȓțȖȎȔȑ ȉȀȈ 

ȖȐȎȌȎȃȈǻȂȐȀȋȋȀ ȂȈȀ ȓȈȑ ȒȔȌȎȊȈȉǼȑ ȄȉȏȎȋȏǼȑ ȀȄȐǾȘȌ ȇȄȐȋȎȉȆȏǾȎȔ). ǧ 

ȎȈȉȎȌȎȋȈȉǽ ȇȄȘȐǾȀ ȄǾȌȀȈ ȏȎȊȜ ȒȀȕǽȑ, ȀȊȊǻ Ȇ ȏȎȊȈȓȈȉǽ ȉȀȈ Ȇ ȖǻȐȀȍȆ 

ȏȎȊȈȓȈȉǽȑ ȄǾȌȀȈ ȏȎȊȜ ȏȈȎ ȏȄȐǾȏȊȎȉȆ (Leimbach et al., 2017) . 

ǧ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȏȄȐȈȊȀȋȁǻȌȄȈ ǼȌȀ ȒȜȌȇȄȓȎ ȏȀȂȉțȒȋȈȎ ȒȜȌȎȊȎ 

ȓțȒȎ ȀȈȓȈȘȃȝȌ ȏȐȀȉȓȈȉȝȌ țȒȎ ȉȀȈ ȀȈȒȇȆȓȝȌ ȄȏȈȏȓȝȒȄȘȌ, ȉȀȈ Șȑ Ȅȉ ȓȎȜȓȎȔ 

ȀȏȀȈȓȄǾ ȏȀȂȉțȒȋȈȀ ȃȐǻȒȆ (Kim et al., 2018) . ǧ ȉȊȈȋȀȓȈȉǽ ȀȊȊȀȂǽ ȄǾȌȀȈ 

ȏȐȀȂȋȀȓȈȉǻ ȏȀȂȉțȒȋȈȀ, ȉȀȇȝȑ ȄȏȈȉȄȌȓȐȝȌȄȓȀȈ ȀȌǻȋȄȒȀ ȒȓȆȌ ȀȓȋțȒȕȀȈȐȀ 

ȉȀȈ ȓȎȌ ȘȉȄȀȌț ȏȎȔ ȋȄȓȀȕǼȐȎȔȌ ȔȊȈȉț ȉȀȈ ȄȌǼȐȂȄȈȀ ȂȜȐȘ Ȁȏț ȓȎȌ 

ȏȊȀȌǽȓȆ. ǳȀ ȀǼȐȈȀ ȓȎȔ ȇȄȐȋȎȉȆȏǾȎȔ, ȓȘȌ ȎȏȎǾȘȌ ȎȈ ȄȉȏȎȋȏǼȑ 

ȀȌȓȈȏȐȎȒȘȏȄȜȎȔȌ ȓȆȌ ȏȐȘȓȀȐȖȈȉǽ ȀȌȇȐȝȏȈȌȆ ȄȏȈȐȐȎǽ ȒȓȎ ȉȊȈȋȀȓȈȉț 

ȒȜȒȓȆȋȀ ȀȌȀȋȈȂȌȜȎȌȓȀȈ ȒȓȆȌ ȀȓȋțȒȕȀȈȐȀ ȉȀȈ ȎȈ ȄȉȏȎȋȏǼȑ Ȁȏț 

ȎȏȎȈȀȃǽȏȎȓȄ ȒȔȂȉȄȉȐȈȋǼȌȆ ȓȎȏȎȇȄȒǾȀ ȋȄȓȀȕǼȐȎȌȓȀȈ ȂȜȐȘ Ȁȏț ȓȆ ȂȆ ȋǼȒȀ 

ȒȄ ȊǾȂȄȑ ȄȁȃȎȋǻȃȄȑ. ǧ ȒȔȊȊȎȂȈȉǽ ȃȐǻȒȆ ȃȄȌ ȏȐǼȏȄȈ ȌȀ  ȒȓȀȋȀȓǽȒȄȈ ȒȄ 

ȄȇȌȈȉț ȄȏǾȏȄȃȎ (Jiang and OõNeill, 2017). 
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3. ǪȎȈȌȘȌȈȉȎðȎȈȉȎȌȎȋȈȉǻ ȃȄȃȎȋǼȌȀ 

ȏȄȐȈȎȖǽȑ ǡȏȎȉȎȐȝȌȎȔ 

 
3.1 ǰȄȐȈȂȐȀȕǽ ǥȔȐȜȓȄȐȆȑ ǰȄȐȈȎȖǽȑ 

 
 ǧ ȏȄȐȈȎȖǽ ȋȄȊǼȓȆȑ ȓȆȑ ȄȐȂȀȒǾȀȑ ȁȐǾȒȉȄȓȀȈ ȒȓȎȌ ǭȎȋț ǶȀȌǾȘȌ ȒȓȎȌ 

ǤǽȋȎ ǡȏȎȉȎȐȝȌȎȔ țȏȎȔ ȉȀȈ ȄȉȓȄǾȌȄȓȀȈ Ȇ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ ȓȎȔ ȏȎȓȀȋȎȜ 

ǪȎȈȊȈǻȐȆ. ǧ ǻȋȄȒȆ ȏȄȐȈȎȖǽ ȋȄȊǼȓȆȑ ȄȉȓȄǾȌȄȓȀȈ ȒȄ ȀȏțȒȓȀȒȆ ȄȌțȑ 

ȖȈȊȈȎȋǼȓȐȎȔ Ȁȏț ȓȎȔȑ ǻȍȎȌȄȑ ȓȘȌ ȐȄȋǻȓȘȌ. 
ǧ ȊȄȉǻȌȆ ȀȏȎȐȐȎǽȑ ǼȖȄȈ ǼȉȓȀȒȆ ȏȄȐǾȏȎȔ 130 km 2 ȉȀȈ ȓȎ ȋǽȉȎȑ 

ȓȎȔ ȏȎȓȀȋȎȜ ȔȏȎȊȎȂȈȒȋǼȌȎ Ȁȏț ȓȈȑ ȏȆȂǼȑ ȓȎȔ ǲȓȜȊȎȔ ȄǾȌȀȈ 5.2 km  ȄȌȝ ȓȀ 

ȒȔȋȁȀȊȊțȋȄȌȀ ȐǼȋȀȓȀ ȓȎȔ ǪȄȐȀȋȈȀȌȎȜ ȉȀȈ ȓȆȑ ǡȌȀȁȐǼȓȆȑ ȄǾȌȀȈ 1.64 km  

ȉȀȈ 2.67 km  ȀȌȓǾȒȓȎȈȖȀ (ǥȈȉțȌȀ 3.1). ǯ ȏȎȓȀȋțȑ ȃȈǼȐȖȄȓȀȈ ȋǼȒȀ Ȁȏț 

ȏȔȉȌǽ ȁȊǻȒȓȆȒȆ ȋȄ ȏȊȀȓǻȌȈȀ, ȉȀȊǻȋȈȀ ȉȀȈ ȔȃȐȎȖȀȐǽ ȕȔȓǻ ȉȀȈ ȀȏȎȓȄȊȄǾ 

ȒȆȋȀȌȓȈȉț ȔȃȐȎȁȈțȓȎȏȎ ȂȈȀ ȏȎȔȊȈǻ, ȖȄȊȝȌȄȑ, ȀȋȕǾȁȈȀ, ȉ.Ȁ.(Lilli  et al ., 

2020) . 

 
ǥȈȉțȌȀ 3.1: ǰȎȓȀȋțȑ ǪȎȈȊȈǻȐȆȑ ȉȀȈ ǰȀȐȀȏțȓȀȋȎȈ 












































































