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Abstract 

Increasing human exploitation and mismanagement of the natural environment has a great impact on 

intensifying soil erosion. The purpose of this study is to investigate land-use changes and their impacts 

on soil erosion and sediment production in Baghmalek basin. First, satellite images with the artificial 

neural network were classified and user changes in the years 2019-2002 were studied. Then soil 

erosion was calculated by the RUSLE model and sediment load was estimated. The results showed 

that residential areas, barren lands, and rainfed agriculture increased by 1722.69, 3445.39, and 2584.04 

hectares, respectively, and increased water area, rangelands, and irrigated agriculture by 861.34, 

6029.2, and 861.35 hectares, respectively, Have reduced area. Considering the average level of soil 

erosion of about 15 tons/ha/year, it was observed that in 2002 about 19.69 percent and in 2019 about 

45.36 percent of the area erosion was more than acceptable. Also, the sediment delivery ratio was 0.12 

to 0.23 and the maximum sediment load was 0.29 to 0.58 and the total sediment was 81051 to 313248. 

Based on the results, in the study period, the area of land-use classes with low erosion classes has been 

reduced and the area of high erosion classes has been increased, mainly to the erosion class of more 

than 20 tons/ha/year. Also, according to the erosion zoning maps in 2002 and 2019, the areas with the 

highest risk of erosion are mainly located in rangeland lands and rainfed agriculture. 
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Introduction  

Soil erosion is a natural process that causes the level of soil loss by various environmental factors such as 

climate, soil, topography, and vegetation. However, human intervention can accelerate this process 

through land-use change and agricultural and construction activities. Therefore, today, soil erosion due to 

land-use change has become the most important issue of land degradation around the world, which 

results in landform change and disruption of the main functions of the ecosystem. These geomorphic 

reactions exacerbate soil erosion and increase the number of vulnerable areas. Recent studies have shown 

that the landscape characteristics of watersheds can explain about 65 to 74% of land-use changes in soil 

erosion and sediment yields; Because land-use reflects the interactions between humans and the 

environment and also describes the diverse human exploitation of space. The use of remote sensing data 

and GIS can provide a good understanding of how land-use changes and its optimal management. Also, 

by knowing the trend of land-use change, we can take steps towards balance and stability to prevent soil 

erosion and guide the ecosystem. Baghmalek Basin in Khuzestan province is one of the areas that are 

affected by human factors of soil erosion and factors such as land-use change, overgrazing, and 

interference in natural flood channels have intensified soil erosion and loss in the region. Degradation of 

rangeland lands and also lack of proper tillage operations on rainfed arable lands have been effective 

factors in erosion and sediment production in the region. In sloping areas, erosion has been rapid and 

accelerated, and erosion has filled irrigation canals. Also, due to the use of traditional methods in 

agriculture, the water stays on the soil for a long time and causes soil erosion and leaching downstream. 

In many parts of the basin, the land was not suitable for rainfed cultivation, but this type of cultivation 

was done in these areas and this action has caused the destruction and loss of soil in the basin. Therefore, 

according to the mentioned cases and also the importance of studying land-use change and their role in 

soil erosion over time and also emphasizing the efficiency and accuracy of the results of using remote 

sensing data and GIS, land-use changes in the basin Baghmalek and their role in soil erosion and 

sediment production (2019-2002) were studied. 

 

Materials and Methods 

In this study, an artificial neural network method was used to classify images and prepare land-use maps. 

Multilayer perceptron was used to classify the neural network. RUSLE model was used to estimate the 

average annual soil erosion. To extract the final soil erosion map, first, all the factors of the RUSLE 

model including R, K, L, S, C, and P were converted into GRID format maps and 30-meter scale, and 

then by multiplying all these layers, the amount of erosion The soil was calculated at the pixel level and 

the final map of soil erosion in the study basin was obtained. In fact, during this process, the information 

in the layer-specific pixels identified based on the RUSLE model relationships was combined in the GIS 

software environment by the Raster Calculator tool. In order to explain the possibility of sedimentation 

of eroded material and its movement in the canal network and finally, in the outlets of the basin, the 

values of the SDR sediment delivery ratio of the study area are calculated. To evaluate the effect of land-

use change on  soil erosion, the land-use  map was  compared with the soil  erosion map  of  the  same  

year and for each cover layer, the amount of erosion and the area of erosion floor was determined, which 

is given in the results section. 

 

Discussion of Results 

The results of land-use change showed that residential areas, barren lands, and rainfed agriculture 

increased by 1722.69, 3445.39, and 2584.04 hectares, respectively, and water zones, rangelands, and 

irrigated agriculture by 861.341, respectively, 42/6029 and 35/861 hectares have lost their area. Taking 

into account all the factors, the average landing limit is about 15 tons/ha/year, which for 2002 is 19.69 

percent of the area and for 2019 about 45.36 percent of the area, the amount of erosion is more than 

acceptable have been. In this study, the sediment delivery ratio was between 0.12 to 0.23 and the 

maximum sediment load in the study area was between 0.29 to 0.58 and the total sediment was between 

81051 to 313248. According to the results obtained in 2002, the area of floors of water zones, residential, 

barren lands, pastures, rainfed agriculture, and irrigated agriculture with erosion class of 10-15 

ton/ha/year with an area of 818/28, 981/93, 83/83, respectively. 2454, 74/3927, 74/3927, and 05/4255 

hectares, which have been changed to 654/62, 2490/24, 31109, 46/1582, 4418/70, and 4091/39 hectares 
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in 2019. Also in 2002, the area of floors of water zones, residential, barren lands, pastures, rainfed 

agriculture, and irrigated agriculture with erosion class of 15-20 ton/ha/year from 90/41, 826/89, 

2067/23, 4/341, respectively, 57/3307 and 95/4702 hectares have been changed to 533,723, 52/1086, 

49/2618, 00/3075, 01/3721, and 06/4522 hectares in 2019. The area of residential areas, barren lands, 

and rainfed agriculture with erosion class of more than 20 ton/ha/year from 361.76, 904.41, and 1447.06 

hectares in 2002 to 475.35, 1145.59, and 1627.94, respectively. Hectares in 2019 have increased. Also, 

the classes of water zones, pastures, and irrigated agriculture with erosion class of more than 20 

ton/ha/year from 1593.49, 7664.75, and 8286.15 hectares in 2002 to 1274.79, 5417.86, and 7967.45, 

respectively. Hectares in 2019 have decreased. The general results show that in the study period between 

2002 and 2019, the area of land-use classes with low erosion class has decreased and the area of high 

erosion classes has increased, mainly to the erosion class of more than 20 tons/ha/year. 

 

Conclusions 

The results showed that the increase of residential areas, rainfed agricultural lands, and barren areas, had 

a significant effect on increasing soil erosion in the study basin. According to the erosion maps obtained, 

the areas with higher erosion risk are mainly located in the rugged parts of the region. The results of 

estimating the criteria studied in the RUSLE method in the study basin indicate differences in soil 

properties and vegetation in different parts of the basin. According to the erosion zoning maps in the 

study area in 2002 and 2019, mainly the areas with the highest risk of erosion are located in rangeland 

lands and rainfed agriculture. The results of comparing the USDA, Vanoni, and Boyce methods with the 

amount of sediment load observations showed that the USDA model had better results in estimating the 

total sediment amount due to the low error rate compared to the Vanoni and Boyce methods. Also, 

comparing the total sediment estimated in the USDA method with the value obtained from the EPM 

method, shows the ability to combine the RUSLE and GIS models to estimate the amount of soil erosion 

and sediment load in the area.  
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-++-    w£-+,3    ¢Êí ûĀ°úă ĈýwÆýv ôùvĀÝ Ĉæþù ¡v¾Ċ§m£

 z Ĉ ÿ½ ĉ Ă    Èăwí y{Å xđw£ ¿wĊý ¹½Āù Ăzj è³ ËwÎ¤·v ÷ºÝ ÿ

  )¢Åv āºÉ ëw· ÈĉwÅ¾å ÀĊý ÿ Ĉzj ĂþĄ~ ¢ÞÅÿBabur    ÿ

 $ ûv½wîúă-+-, ĈîĉÀĊå ¡wĊÍĀÎ· ĈÅ½¾z Ăz # ĈĉwĊúĊÉ   ëw·

  ¢´£ ¾Ċ§m£    Ăí ºýºĊÅ½ Ă¬Ċ¤ý üĉv Ăz ÿ ºþ¤·v¹¾~ üĊù¿ ć¾z½wí

 ëw· ćwă   ĈÞ£¾ù   Ăz   ôĊõ¹   ¹Ā«ÿ   ½vºêù   ¹wĉ¿   Ã½   ½¹   ĂÆĉwêù   wz  

 èÕwþù   Ĉö³wÅ   Ăí   ÈĉwÅ¾å   ć¾¤ÊĊz   Iºý½v¹   ½¹   ¾zv¾z   ÈĉwÅ¾å  

 ÷ÿwêù   ºþ¤Æă )    Iûv¾ĉv ½¹ ûv½wîúă ÿ ć½wĉºþæÅv   $,.4. ½¹ #  

 ĂÞõwÖù v ć   ÑĀ³ ½¹ Ć   ̧ zj Ċ À   ¹ÿ½   Ã½ÿ   IüĉÿÀé ûw¤Åv   Ăz   Å½¾z Ĉ  

 ¾Ċ§m£   í ¾z½w ć   Ñv½v Ĉ   ¾z   wÅ¾å ĉ ºþ¤·v¹¾~ È   ÿ   Ăz   v ĉ ü   ¤ý Ċ Ă¬   ¢Å¹  

 ĉ ºþ¤åw   í Ă   í ¾z½w ć   ¢Ýv½¿   ¹ ĉ ø   z ¿v Ċ ¾¤Ê ĉ ü   ÿ   Ü£v¾ù   ¿v   í ¾¤ú ĉ ü  

 Æýw¤~ Ċ ô  ¢Ą«   v ĉ ¹w¬  wÅ¾å ĉ )ºý½v¹½Ā·¾z È ¾âÍv ć  Åv¾Å î  ¹ÿ¾ýw

 $ ûv½wîúă ÿ,.41 ºýÿ½ ĈÅ½¾z Ăz #   â£ ĊĊ ¡v¾   í ¾z½w ć   Ñv½v Ĉ  

 ûw¤Å¾ĄÉ   ý Ċ ¾   Üévÿ   ½¹   ûw¤Åv   z¹½v Ċ ô   ÿ   ¾Ċ§m£   ûj   ¾z   wÅ¾å ĉ È    ëw·

 $ ówÅ wă ć  -+,1(-+++ #    ÿ ½ÿ¹ ¿v È¬þÅ ìĊþî£ ¿v ā¹wæ¤Åv wz

 ĈĉwĊåv¾â« ¡wÝĒÕv ĂýwùwÅ    )ºþ¤·v¹¾~ Ăz Ăí ¹v¹ ûwÊý ªĉw¤ý   ½ĀÕ  

 āºúÝ   èÕwþù   wz   Æz Ăê{Õ Ċ ½w   ¾Ö·¾~   ÿ   ¾Ö·¾~    ā½ÿ¹ ÿ¹ ¾ă ½¹

 ½¹ Ĉýwù¿   ¾z½wí ć wă ć   ¢Ýv½¿   ¹ ĉ ø   ÿ   ¢Ýv½¿   zj Ĉ   ¡wáwz    ½v¾é

 ºý½v¹ )   Ê·½»j Ĉ   ÿ   úă î $ ûv½w,.41  ½¹ # ĂÞõwÖù v ć   ÑĀ³ ½¹ Ć  

 ÀĊ¸zj   ¾zĀþÍ  ćĀÑ½ ûwÅv¾· ûw¤Åv ½¹ Üévÿ I   Ăz   v ĉ ü   ¤ý Ċ Ă¬  ¢Å¹  

 ĉ ºþ¤åw   í Ă   øÚÝv È¸z   â£ ĊĊ ¡v¾   í ¾z½w ć   Ñv½v Ĉ   µ½   ā¹v¹   ½¹   IĂêÖþù  
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 ½¹   ù¿ Ċ ü  º{£ ĉ ô   ¡wáwz   Ăz  Ü£¾ù   ÿ  ¢Ýv½¿   Ăz   Ü£¾ù  ¢Åv   í Ă   ¾¬þù  

  Ăz í Èăw   ù Ċ ûvÀ   wÅ¾å ĉ È   āºÉ   ¢Åv )   $ ā¹v¿ ĈÒĊå,.41 #  

 â£ ĊĊ ¡v¾   í ¾z½w ć   Ñv½v Ĉ   ÿ   Èêý   ûj   ½¹   wÅ¾å ĉ È   ÑĀ³ Ć    ºÅ

 ĀöÝ ĉ ûw   Ĉé¾É ûw¬ĉwz½»j ûw¤Åv Ăáv¾ù ûw¤Å¾ĄÉ ½¹   v½   ¹½Āù  

 Å½¾z Ĉ   ½v¾é   ¹v¹   ÿ  ¤ý Ċ Ă¬   ¢å¾ñ   í Ă  º{£ ĉ ô   Ñv½v Ĉ   Þ£¾ù Ĉ  v¾£¾~ í ø  

 Ăz   Ü£v¾ù   í ø   v¾£ í ø   ÿ   ¢Ýv½¿   ¹ ĉ  Iø øĄù üĉ¾£   ôùwÝ   ½¹   wÅ¾å ĉ È  

 ĂêÖþù   ĂÞõwÖù ¹½Āù   ù Ĉ ºÉwz )   ć¾âÍv    ûv½wîúă ÿ ¹ÿ¾ýwîÅv¾Å

 $,.43 ĈÅ½¾z  Ăz  #   ¡v¾ĊĊâ£   ć¾z½wí   ĈÑv½v   wz   ā¹wæ¤Åv   ¿v  

 Çÿ½ wă ć   ~ Ċ ôÆî w~ ĉ Ă0   ÿ   v¾ñiĈÉ1   ôĊö´£  ÿ   ¡v¾§v    ¾ĊĊâ£

 ¾z½wí ć wă  ¾z  ÈĉwÅ¾å   ûw¬ĉwz½»j ûw¤Åv Ăáv¾ù ûw¤Å¾ĄÉ ½¹ ëw·

 wz )ºþ¤·v¹¾~ Ĉé¾É   Ă«Ā£   Ăz    ªĉw¤ý ĂþĄ~ ºþz ć   ¾Ö·   ÈĉwÅ¾å    ówÅ

-+++    yĊ£¾£ Ăz+3 *4    ÿ33 *,0    Ăz Ă«Ā£ wz ÿ ºÍ½¹ ĂþĄ~ ºþz ć  

  ówÅ ÈĉwÅ¾å-+,2    yĊ£¾£ Ăz11 *,.    ÿ21 *-4    ¿v ºÍ½¹

  ½v¾é ¾Ö·¾~ ÿ ¾Ö·¾~ ½wĊÆz Ăê{Õ ÿ¹ ½¹ ûw¤Å¾ĄÉ ¢³wÆù

 þ°úă )ºý½v¹ Ċ ü   ªĉw¤ý   ê´£ Ċ è   ûwÊý   ¹v¹   í Ă   ½¹   ā½ÿ¹   ¹wĉ   IāºÉ  

 ÈĉvÀåv üúÑ   í ¾z½w ć   ¡wáwz  v¾¤ù í Iø  ¡wáwz   í ø   v¾£ í Iø  Æù î ýĀ Ĉ  

 ÿ   ¤ÞþÍ Ĉ I   yĉ¾¸£   ÿ   Ñv½v ûºÉ ôĉº{£ Ĉ   Þ£¾ù Ĉ   ÿ   Ñv½v Ĉ   øĉ¹   ½¹  

 ²ÖÅ   ôzwé   Ą«Ā£ Ĉ   ¡½ĀÍ   Ă¤å¾ñ   ¢Åv   í Ă   Èêý   úĄù Ĉ   ½¹  

  ÈĉvÀåv Åj Ċ y ¼~ ĉ ¾ ć   ĂêÖþù   ¹½Āù   ĂÞõwÖù   ½¹   ôzwêù   ÈĉwÅ¾å  

 ëw·   ¹½v¹ )    ¹v¹ ûwÊý èĊê´£ üĉv ¿v ôÍw³ ªĉw¤ý í Ă   Èĉw~  

 ¡v¾ĊĊâ£   í ĈÑv½v ć¾z½w   wz   ā¹wæ¤Åv   ¿v   Çÿ½ wă ć   Iv¾ñiĈÉ   ½¹  

 ¡½ĀÍ   ¢ĉwÝ½   í û¹¾   wă¾¤ùv½w~ Ĉùwú£   ªĉw¤ý   yÅwþù ¾£ ć   Ătv½v  

 ù Ĉ ºă¹ )   $ ûv½wîúă ÿ ¹v¿j,.44 ć¾z½wí ĈÅ½¾z Ăz #   üĊù¿   ÿ  

 ¡wĊÍĀÎ·   ĈîĉÀĊå ĈĉwĊúĊÉ   ëw·   ¾z   ¢Ý¾Å   Ăýw¤Åj   ÈĉwÅ¾å  

 üĉ¾£đwz Ăí ºýºĊÅ½ Ă¬Ċ¤ý üĉv Ăz ÿ ºþ¤·v¹¾~   ¾§v   ¡wĊÍĀÎ·  

  ¡wĊÍĀÎ· ¾§v üĉ¾¤ÊĊz ÿ ¢zĀÕ½ Ăz èöÞ¤ù ĈîĉÀĊå ĈĉwĊúĊÉ  

 ÓĀz¾ù   Ăz   ą¹wù   Ĉõj   ÿ   üz¾í   Ĉõj   ¢Åv  ) Ă¤åwĉ üĊþ°úă  ¹v¹ ûwÊý wă

 Ăí   üĉ¾¤ÊĊz   ¾Ċ§m£   ¾z   ¢Ý¾Å   Ăýw¤Åj   ÓĀz¾ù   Ăz   ą¹wù   Ĉõj   ÿ   üz¾í  

 Ĉõj   ¢Åv   Ăí   üĉv   ÿ¹   ôùwÝ   ½¹   ¾§v   ¹Ā«ÿ   ûw¤·½¹   ÿ   Ă£Āz wă   Ăz  

 ¹Ā«ÿ   Ĉù ºĉj   ÿ   Ĉù ºývĀ£   ¾Ċ§m£   ĈĉvÀÆz   ½¹   ½vºêù   ÈĉwÅ¾å   ëw·  

 Ă¤Év¹   ºÉwz )   

 ÑĀ³ Ć    ¢Åv ĈêÕwþù Ăöú« ¿v ûw¤Å¿Ā· ûw¤Åv ½¹ ìöúáwz

  ¢´£ Ăí ¾Ċ§m£    ÿ Ă¤å¾ñ ½v¾é ëw· ÈĉwÅ¾å ĈýwÆýv ôùvĀÝ

  ć¾z½wí ¡v¾ĊĊâ£ ºþýwù ĈöùvĀÝ üĊù¿  ÿ ÷v¹ º³ ¿v ÈĊz ćv¾¯ I

  ÿ ÈĉwÅ¾å ºĉºÊ£ Ăz xĒĊÅ ĈÞĊ{Õ ć½w¬ù ½¹ ¢õw·¹  ½ºă

 ¢å½    ëw· yĉ¾¸£ )¢Åv āºÉ ¾¬þù ĂêÖþù ½¹   ĈÑv½v   ĈÞ£¾ù   ÿ  

 üĊþ°úă   ÷w¬ýv   ûºÊý   ¡wĊöúÝ   ëw· ć¿½ÿ   yÅwþù   ¾z   ćÿ½  

 ĈÑv½v   ĈÝv½¿   øĉ¹ I   ¿v   ôùvĀÝ   ù o ¾§   ¾z   ÈĉwÅ¾å   ÿ   ºĊõĀ£    xĀÅ½

 ā¹Āz ĂêÖþù ½¹   ¢Åv )   ½¹   Ĉ³vĀý   yĊÉ I½v¹   ÈĉwÅ¾å   Üĉ¾Å   ÿ   wz  

 xw¤É   ć¾¤ÊĊz   ¡½ĀÍ   ÿ Ă¤å¾ñ   ¾~ y«Āù ÈĉwÅ¾å   ûºÉ  

 ówýwí ćwă    )¢Åv āºÉ ć½wĊzj  ¿v ā¹wæ¤Åv ôĊõ¹ Ăz üĊþ°úă

 Çÿ½ xj Ić¿½ÿwÊí ½¹ Ĉ¤þÅ ćwă   ¡ºù   ûwù¿   ć¹wĉ¿   ¾z   ćÿ½  

 ëw·   Ĉéwz   Ĉù ÿ ºýwù   ¦Ýwz   ÈĉwÅ¾å   ëw·   ÿ   Ă¤ÆÉ   ûºÉ   ûj   Ăz  

 üĊĉw~   ¢Å¹   Ĉù ¹ĀÉ )   ć½wĊÆz ½¹   ¿v   IĂÑĀ³ Ówêý   ćv¾z üĊù¿  

 ¢Êí   øĉ¹   yÅwþù   Iā¹Ā{ý   wùv   üĉv   ÛĀý   ¢Êí   ½¹   üĉv   èÕwþù   ÷w¬ýv  

 āºÉ   ÿ   üĉv   ôúÝ   ¦Ýwz    ÿ yĉ¾¸£ ¢å½ ½ºă   ëw·    ĂÑĀ³ ½¹

 wz v¼õ )¢Åv āºĉ¹¾ñ   Ă«Ā£   Ăz   ¹½vĀù   ¾í»   ÿ āºÉ   üĊþ°úă    ¢Ċúăv

 ÞõwÖù Ć   ¾ĊĊâ£   ¾z½wí ć wă   ÿ   Èêý   ûj   ½¹   ÈĉwÅ¾å   ëw·   ½¹   ½¼ñ  

  Ăz ¿v ôÍw³ ªĉw¤ý ¢é¹ ÿ Ĉĉv½wí ĈÅ½¾z ¾z ºĊím£ wz ÀĊý ÿ ûwù¿

  ć¾Ċñ½wí ā¹v¹ wă  ¡wÝĒÕv  ø¤ÆĊÅ  ÿ  ½ÿ¹  ¿v  È¬þÅ  ć

 ÑĀ³ ½¹ ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ IĈĉwĊåv¾â« Ć    Èêý ÿ ìöúáwz

  üĊz$ xĀÅ½ ºĊõĀ£ ÿ ëw· ÈĉwÅ¾å ½¹ ûj ówÅ wă  ć-+,4(

-++-   )¢å¾ñ ½v¾é ĂÞõwÖù ¹½Āù I#ć¹ĒĊù 

 
  ÿ ¹vĀù ¾z Çÿ½ ĈÅ½ 
 êÖþù Ć   ĂÞõwÖù ¹½Āù 

 ÑĀ³ Ć   ìöúáwz    wz ¢³wÆù  03 *31,./    ¢ĊÞéĀù ÿ ½w¤îă

  ĈĉwĊåv¾â«/4    ÿ Ă«½¹.4    w£ ĂêĊé¹0+    ÿ Ă«½¹,+    óĀÕ ĂêĊé¹

  ÿ Ĉé¾É.,    ÿ Ă«½¹--    w£ ĂêĊé¹.,    ÿ Ă«½¹/,    Ï¾Ý ĂêĊé¹

  IĈõwúÉ  ½v¾é ûw¤Å¿Ā· ûw¤Åv ç¾É ½¹  ÿ Ă¤Év¹ iÀ«   ³vĀý Ĉ  

 Ê· ì   ÿ   ý Ċ Ăú   z Ċ ýwzw Ĉ    xĀÆ´ù ù Ĉ ¹¹¾ñ    ôîÉ$, # )   ¿v   ¾Úý  

 ÁĀõĀå½ĀùĀtÁ ć  I Ĉ³vĀý   é¾É Ĉ    ÿ Ĉýw¤ÆăĀí IĂêÖþù ç¾É ówúÉ ÿ

Mw¤{Æý    Üæ£¾ù  ā¹Āz  ÿ È¸z wă ć   z¾á  ½vĀúă Ix¾á xĀþ« ÿ Ĉ

  )¢Åv È¸z   Åÿ Ċ Þ Ĉ   ¿v   ĂêÖþù   ¿v   û½wù wă ć   ăj Ĉî I   ĂÅwù ðþÅ wă ć  

 ý½wù Ĉ   Ĉîăj ÿ  I û½wù wă ć   Á ĉ I¾æÆ    đ ĉ Ă wă ć   ýv Ċ ½º ĉ ¤ Ĉ I   úý Ĉî   ÿ  

 ¡wê{Õ   í v¾ùĀöòþ Ĉĉ   wz   vÿ í Èþ    ÿ ¢ùÿwêù wă ć   ¡ÿwæ¤ù   ½¹   ¾zv¾z  



  40 

 

 ÈĉwÅ¾å ºýÿ½ ¾z ûj ¾§v ÿ ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ ĈÅ½¾z  ))) 

 ûv½wîúă ÿ ¡wĊ{Ý ºú´ù 

 j¾å ĉ wăºþ ć   wÅ¾å ĉ Ê Ĉ   ÉĀ~ Ċ āº   āºÉ   ¢Åv )   È¸z   ½vĀúă   ý Ċ À   í Ă  

 ²ÖÅ   ôzwé   Ą«Ā£ Ĉ   v½   ½¹   Ă¤å¾ñ¾z   I¢Åv   øĄÅ   āºúÝ v ć   ¿v  

 ¾z½wí ć wă ć   í ¿½ÿwÊ ć   v½   ¹Ā· Ăz   ËwÎ¤·v   ā¹v¹   ¢Åv )   Ñv½v Ĉ  

 í ¿½ÿwÊ ć èÕwþù IÜ£v¾ù I  Æù î ýĀ Ĉ  ÿ   ±ĀÖÅ I¾ĉwz ĈÑv½v  ¾z½wí ć  

 Ñv½v Ĉ    ĂêÖþù ù Ĉ ºþÉwz ) 

 

 
  ôîÉ, )    ĂÊêý  ¢ĊÞéĀù ĂÞõwÖù ¹½Āù ĂêÖþù 

 

 ÈăÿÂ~ Çÿ½ 

 ā¹v¹ wă   ā¹wæ¤Åv ¹½Āù ćwă½vÀzv ÿ 

  ¾ĉÿwÎ£  ā½vĀăwù ¢Åºþõ2  I ýđĀÕ Ĉ ¾£ ĉ ü    ¾ĉÿwÎ£ ¿v ĀĊÉ½j

  Iđwz ûĀĊÅv¾{Ċõwí IÔÅĀ¤ù ìĊîæ£ ¡½ºé wz ĈýwĄ« ā¹v¹ wă ć    ºþ¯

 z ¾Î´þù Üzwþù ¿v ĈæĊÕ  Ă  ćv¾z ¹¾å Ăùwý¾z ½ ĉ À ć    ½¹ ć¹¾z½wí

 êù Ċ Ãw wă ć    Iäö¤¸ù ¿v   Ăöú«    IĈÑv½v ÈÉĀ~ ÿ ĈÑv½v ć¾z½wí

  ôùwÉ v½ ø¤ÆĊÅĀív ĈĉwĉĀ~ ¾z ¡½wÚý ÿ ¡v¾ĊĊâ£ ĈĉwÅwþÉ

 ù Ĉ ºýĀÉ   îúă  ÿ  ½ÿ¾~¾ăwÕ$  Iûv½w,.40  üĉv  ½¹  üĉv¾zwþz  )#

  ¾ĉÿwÎ£ ¿v IÈăÿÂ~TM   $,434  I#ETM+   $-++-  ÿ #OLI  

 $-+,4 ā½vĀăwù #   ¢Åºþõ   ā¹wæ¤Åv    óÿº«$ ºÉ,  ¿v üĊþ°úă )#

 é½ óºù L  Ûwæ£½v ĈùĀ $DEM #3    āºþ¬þÅASTER   £ wz L  ìĊîæ£ ûvĀ 

.+   ÿwÎ£ ĂĊĄ£ )ºÉ ā¹wæ¤Åv Üz¾ù¾¤ù ĉ ¾   ā½vĀăwù v ć I   ¿v   wÅ ĉ ¢  

 ûwù¿wÅ   ù¿ Ċ ü ÅwþÉ Ĉ   v ĉ ¡đw   wîĉ¾ùj āº´¤ù   $USGS #4   ¡½ĀÍ  

 ¢å¾ñ )   Üú« ½ÿj ć   ĂýĀúý wă ć   ÀĊý ĈúĊöÞ£   èĉ¾Õ ¿v   ºĉ¹¿wz    ĈývºĊù

 ÿ   ¹w¬ĉv   í¾£ Ċ y wă ć   Ĉòý½   x»wí   ÷w¬ýv   ºÉ )   üúÑ   āºăwÊù   ÿ  

 ¢Év¹¾z   IĂýĀúý  ā¹v¹ wă ć  ¹½Āù  ā¹wæ¤Åv   wz  ā¹wæ¤Åv   āwò¤Å¹ ¿v  GPS  

 ó¾¤þí    ćv¾z ĈúĊöÞ£ èÕwþù I¡wÝĒÕv üĉv Ăí ºÉ Ăê{Õ ºþz ć    ā¹Āz

  Ĉåv¾ñĀ~Ā£ ĂÊêý )¢Åv,5-0+++    ûwù¿wÅ ¿v ĂÊêý ½v¹¾z ć    Iûv¾ĉv

 ëw· ¢åwz ĂÊêý    ĈÞĊ{Õ Üzwþù ÿ ć¿½ÿwÊí ¡wêĊê´£ Àí¾ù ¿v

  ÿ ûw¤Å¿Ā· ûw¤Åv ā¹v¹ wă ć    ûw¤Åv ĈÅwþÉvĀă ā½v¹v ¿v ÀĊý ĈúĊöév

  )ºÉ ĂĊĄ£ ûw¤Å¿Ā· ¢Ą«   Ç¿v¹¾~   ÿwÎ£ ĉ ¾   ā½vĀăwù v ć I   ¿v  

 ÷¾ý wă½vÀåv ć  ENVI I  eCognition   ÿ ArcGIS  ā¹wæ¤Åv   ºÉ ) 
 

  óÿº«, )    ¾ĉÿwÎ£ ¡wÎ¸Êù ā½vĀăwù v ć   ÈăÿÂ~ ½¹ ā¹wæ¤Åv ¹½Āù 

 ā¹v¹wăć   ā½vĀăwùv ć  ÿ äĉ¹½ ½¼ñ  #¾¤ùĀöĊí$ ÈÉĀ~ ¹wÞzv ½w£ĉĀÎ£ ¶ĉ¾  ¢ù¾å 

Landsat-7 ETM+ .3-,10 ,30=,30 -3 ùĈ  -++- TIFF 

Landsat-8 OLI .3-,10 ,30=,30 ,0 ĂĉĀývÁ  -+,4 TIFF 
 

 ~ Ċ È Ç¿v¹¾~   ¾ĉÿwÎ£ 

 ½¹   üĉv   IÈăÿÂ~   ÈĊ~ Ç¿v¹¾~   ¾ĉÿwÎ£   ā½vĀăwù ćv   ôùwÉ  

 ¡w´Ċ´Î£   ĈÅºþă   ÿ   Iìĉ¾¤ùĀĉ¹v½   ½¹   ÔĊ´ù   ÷¾ý  ½vÀåvENVI  

 ¡½ĀÍ   ¢å¾ñ  ) v¾z ć   ¢{§   ÿwÎ£ ĉ ¾   ÿ   çw{Öýv   ûj wă   wz   ĉ ºî ĉ ¾ò   ¿v  

 ĂÊêý wă ć   åv¾ñĀ~Ā£ Ĉ  ,5-0+++   $ wz   ā¹wæ¤Åv   ¿v   ÓĀÖ·   Ăî{É  

 Ăăv¾zj wă  # Ăz   ûvĀþÝ   ĂÊêý   wþ{ù   ā¹wæ¤Åv   ºÉ  ) ¢Æ¸ý   ¾ĉĀÎ£   āºþ¬þÅ  
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OLI   wz   xw¸¤ýv  ,0   ĂÖêý   ë¾¤Êù   wz   Èþív¾~   yÅwþù   ½¹   ø¤ÆĊÅ  

 ¾ĉĀÎ£   UTM Ăz   Çÿ½   ¹Àý ĉ ì ¾£ ĉ ü   wÆúă ĉ Ă   wz  RMSE   ¾zv¾z  

.0 *+   ¢êzwÖù   ā¹v¹   ºÉ  ) ½¹   Ăö³¾ù   IºÞz   ¾ĉĀÎ£   āºþ¬þÅ  ETM+  

 wz   ā¹wæ¤Åv   ¿v   ¾ĉĀÎ£   āºþ¬þÅ  OLI   ÿ   wz   xw¸¤ýv  -+   ĂÖêý   IĈõ¾¤þí  

 øă   ¡wÎ¤¸ù   ºÉ  )RMSE   ûj   ¾zv¾z  .2 *+   ôÆîĊ~   Ăz   ¢Å¹   ºùj  )

 wz   Ă«Ā£   Ăz   ªĉw¤ý   Ăz   ¢Å¹   Iāºùj   ù Ċ ûvÀ   wÖ· ć   ÿwÎ£ ĉ ¾   ¢{§   IāºÉ  

 ¾¤úí   ¿v  0 *+   ôÆîĊ~   Ĉù ºÉwz  ) v ĉ ü   ù Ċ ûvÀ   wÖ·   ½vºêù   ôzwé   õĀ{é Ĉ  

 ù Ĉ IºÉwz   wùv   wz   Ă«Ā£   Ăz   v ĉ Ăîþ   øí   û¹Āz   wÖ· ć   ù Ċ òýw Ċ ü   ¡wÞz¾ù   Ăz  

 wĄþ£ Ĉĉ   úý Ĉ ºývĀ£   Þù Ċ ½w   {Åwþù Ĉ   v¾z ć   ĉ ü¤åw   ¢é¹   Åºþă Ĉ   IºÉwz  

 ÿwÎ£ ĉ ¾   ù¿ Ċ ü   Ü«¾ù   āºÉ   wz   ĂÊêý wă ć   åv¾ñĀ~Ā£ Ĉ   wêù ĉ ĂÆ   ºýºÉ  )

 v¾z ć   v ĉ ü   I½wí   ¿v   ¢êzwÖù   Ï½vĀÝ   Î¸Êù Ĉ   ºþýwù   Ăýw·¹ÿ½ wă  

 ā¹wæ¤Åv   ºÉ  ) wÖ· ć   øí   ¢{§   ÿ   çw{Öýv   ýwîù Ĉ   ĂÑ½wÝ wă ć  

 åv¾ñĀ~Ā£ Ĉ   wz   ÿwÎ£ ĉ I¾   ûwÊý āºþă¹   ¢é¹   đwz ć   èzwÖ£   Åºþă Ĉ  

 ÷w¬ýv   āºÉ   ¹Āz )   ćv¾z   ²Ċ´Î£   ¾æÆú£v ĉ ì   ¿v   ìĊþî£   Èăwí  

 ôÆîĊ~ ćwă   $ ìĉ½w£Dark Subtraction ÷¾ý ÔĊ´ù ½¹ #  ½vÀåv

ENVI   ā¹wæ¤Åv   ºÉ  ) wz   üĉv   ĂĊÑ¾å   Ăí   ôÆîĊ~   ìĉ½w£   wz   ¾¨ívº³  

 Iówú¤³v   üĉ¾¤úí   ûvÀĊù   ÃwîÞýv   ĈæĊÕ   v½   ¹½v¹   ÿ   èöÞ¤ù   Ăz   xj  

 èĊúÝ   ÿ   ĂĉwÅ   ûwĊù   ¾ĉĀÎ£   ¢Åv   Ăí   ÃwîÞýv   ûj   ¾æÍ   Ĉù ºÉwz  )

 v¾ĉ¿   ½¹   ¡½ĀÍ   ¹Ā«ÿ   ¡v½»   āºþív¾~   ½¹   IĀ«   Èþív¾~   ćĀ«  

 ¦Ýwz   Ĉù ¹ĀÉ   Ăí  MĒúÝ   ÃwîÞýv   ĈæĊÕ   ôÆîĊ~ ćwă   ìĉ½w£   ¾æÍ  

 ºÉw{ý   $ ûwĊýwĊæÅ   ÿ   IĈù¾ívº·  ,.4+  )# ½¹   üĉv   IĂÞõwÖù   ¿v   ĈÕwêý  

 ½¹   ¹ÿ½ Ăýw·  ĂêÖþù ćwă Ăí   ćv½v¹   xj   èĊúÝ   ºþ¤Æă I   ćv¾z  

 ²Ċ´Î£   ìĉ¾æÆú£v   ¾ă   ÿ¹   ¾ĉĀÎ£   ā½vĀăwù ćv   ÿ   Üå½   ćwăwÖ·  

 ć¾æÆú£v   ¾z   ćÿ½   ûj Iwă   ā¹wæ¤Åv   ºÉ ) 

 

 Ăê{Õ ºþz ć   Ăî{É    ĈÝĀþÎù Ĉ{ÎÝ )ANN ( 

  ¢Ą« IÈăÿÂ~ üĉv ½¹ Ăê{Õ ºþz ć    ¾ĉÿwÎ£ ā½vĀăwù v ć    ĂĊĄ£ ÿ

 ĂÊêý wă ć    ¿v IĈÑv½v ć¾z½wí ĈÝĀþÎù Ĉ{ÎÝ Ăî{É Çÿ½,+  

  ¿v ĈÝvĀýv )ºÉ ā¹wæ¤Åv Çÿ½ wă ć   Ăî{É wă ć    ĈÝĀþÎù Ĉ{ÎÝ

 ćv¾z Ăê{Õ ºþz ć   $ ¹½v¹ ¹Ā«ÿ ĈÑv½v ÈÉĀ~ ÿ ć¾z½wíWijaya, 

2005  ûwĊù ¿v Ăí # ûj wă    Ĉ{ÎÝ Ăî{É ûÿ¾¤ Å¾~   đºþ¯ ĉ Ă v ć  I

 óĀúÞù ¾£ ĉ ü    ćv¾z ā¹wæ¤Åv ¹½Āù óºù Ăê{Õ ºþz ć    ½¹ ¾ĉĀÎ£

 ìĉ )¢Åv ½ÿ¹ ¿v È¬þÅ   đºþ¯ ûÿ¾¤ Å¾~ ĉ Ă    Ăĉđ ìĉ ¿v MđĀúÞù

  āºÉ ôĊîÊ£ Ĉ«ÿ¾· Ăĉđ ìĉ ÿ Ă¤æĄý Ăĉđ ºþ¯ wĉ ìĉ Ić¹ÿ½ÿ

 ¢Åv    ôîÉ$- #    Ç¿v¹¾~ ÿ ¢åwĉ½¹ v½ ¡wÝĒÕv yĊ£¾£ Ăz Ăí

 ù Ĉ ºþþí    Èĉwúý ÿ ù Ĉ ºþă¹   $Singh et al., 1999  )#  üĉv ½¹

  IÈăÿÂ~ v¾z ć   Ăê{Õ ºþz ć   {ÎÝ Ăî{É Ĉ   ûÿ¾¤ Å¾~ ¿v   ºþ¯ đ ĉ Ă  

  )ºÉ ā¹wæ¤Åv ć¹ÿ½ÿ   IĂî{É   ćwăºýwz   ¾ĉÿwÎ£   ¹½Āù   ā¹wæ¤Åv   ½¹  

 Ăê{Õ   Ĉù ºÉwz )    ¹vºÞ£/   ¹ÿ½ÿ ûÿ¾ý  ć ôùwÉ  /   Õ ºýwz Ċ æ Ĉ  

  ćwăºýwz$,  I-  I.    #Àù¾é ûÿ¹wù ÿ ½¹   ¾Úý   )ºÉ Ă¤å¾ñ    Ĉ«ÿ¾·

 Ăî{É   ÿ¹ ôùwÉ ÀĊý   ¾¤ùv½w~   ć½v¼ñºí   ÿ   ©v¾¸¤Åv   ÃĒí   Ĉù ºÉwz )  

 ÃĒí ć½v¼ñºí ćv¾z ćwă   ¿v Ĉ«ÿ¾·   ìĉ   ā¾ñ   Ĉ«ÿ¾·   ćv¾z  

 ¾ă   ÃĒí   ÈÉĀ~   üĊù¿   ûÿ¾ý )ºÉ ā¹wæ¤Åv ćwă   Ĉ«ÿ¾·   Ăz   ¹vºÞ£  

 ÈÉ   ¹ºÝ   Ăz   ĂõÀþù   ¹vºÞ£   ÃĒí ćwă   Ăê{Õ ćºþz   ½¹   ¾Úý   Ă¤å¾ñ  

 ºÉ )   ÃwÅv¾z   ĉ Ă¤åw wă ć   ö{é Ĉ   Ăî{É wă Ĉĉ    wz ĉ ì   đ ĉ Ă   ûwĄþ~   v¾z ć  

 Ăê{Õ ºþz ć   yÅwþù ¾£    ¹vºÞ£ ÿ ºþ¤Æă ûÿ¾ý wă ć    ÿ ûĀù¿j wz ûwĄþ~

 Þ£ wÖ· ĊĊ ü   ĂÅ Mw{õwá ÿ   ¾zv¾z    ¹vºÞ£ ûÿ¾ý wă ć   ¹ÿ½ÿ ć    xw¸¤ýv

 ù Ĉ ºýĀÉ   $Petropoulos et al., 2011 )#    ¹w¬ĉv ¢Ą« üĊþ°úă

  ćv¾z ĂþĊĄz Ăî{É Ăê{Õ ºþz ć    ¢Ý¾Å ĂÞõwÖù üĉv ½¹ ¾ĉÿwÎ£

  ć¾Ċñ¹wĉ- *+    ½ÿw¤Êñ ÿ0 *+    )ºÉ Ă¤å¾ñ ¾Úý ½¹ Ăî{É ćv¾z Ä~  

 ¿v    ĂĊĄ£ ĂÊêý wă ć    ć¾z½wí Ñv½v Ĉ  ¢é¹ I Ăê{Õ ºþz ć    wz āºÉ ÷w¬ýv

 ¹½Āù w~wí ā½wùj ÿ Ĉöí ¢´Í IwÖ· Äĉ¾£wù ¿v ā¹wæ¤Åv    Ĉzwĉ¿½v

 )¢å¾ñ ½v¾é 

 

 ëw· ÈĉwÅ¾å Ĉzwĉ¿½v 
  ÈĉwÅ¾å ĂýđwÅ üĊòýwĊù ¹½ÿj¾z ¢Ą« IÈăÿÂ~ üĉv ½¹

  óºù ¿v ëw·RUSLE    óºù )ºÉ ā¹wæ¤ÅvRUSLE    ½ĀÕ Ăz

 ÈĊ~ ćv¾z ûwĄ« ¾Åv¾Å ½¹ ā¹¾¤Æñ  ÈĉwÅ¾å ¡ºùºþöz ĈþĊz

  äö¤¸ù ÛvĀýv wz ĂÑĀ³ w£ ĂÝ½Àù ÃwĊêù ½¹ ć½wĊÉ üĊz ÿ ć½wĊÉ

 āĀĊÉ  ºþýwù wă¾¤ùv½w~ ¿v ć½wĊÆz )¢Åv āºÉ ā¹wæ¤Åv Ĉ¤ĉ¾ĉºù ćwă

 ĂÊêý I¢Ą« IyĊÉ  āºùj ¢Å¹ Ăz ĈÑv½v ć¾z½wí ÿ ÈÉĀ~ ćwă

 $ Ûwæ£½v ĈùĀé½ óºù ¿vDEM  ÿ # ā½vĀăwù ¾ĉÿwÎ£ Ĉù ćv  Ăz ºývĀ£

  wz Ĉ¤³v½RUSLE    ¿v IÈăÿÂ~ üĉv ½¹ ā¹v¹ wă  wz Ăýv¿ÿ½ Ç½wz ć

  Ĉýwù¿ ÃwĊêù,+   é¹ Ċ Ăê v āwò¤Æĉv ć ćwă   ĈÅwþÉvĀă    ćv¾z ĂêÖþù

  )ºĉ¹¾ñ ā¹wæ¤Åv Ăýwăwù ¡½ĀÍ Ăz ûv½wz ĈñºþĉwÅ¾å ôùwÝ Ă{Åw´ù

 ¾ă ½¹ ûv½wz ćwă¹vº·½ ĈñºþĉwÅ¾å ÛĀú¬ù ÔÅĀ¤ù ¿v ôùwÝ üĉv  
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 ÈĉwÅ¾å ºýÿ½ ¾z ûj ¾§v ÿ ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ ĈÅ½¾z  ))) 

 ûv½wîúă ÿ ¡wĊ{Ý ºú´ù 

  ć½wùj ā½ÿ¹ ćv¾z āwù,.40(,.2/   ĂÖzv½ ¿v ā¹wæ¤Åv wz,   Ă{Åw´ù $ ºÉWischmeier et al, 1978 )# 

 

 
  ôîÉ- )    ĈæĊÕºþ¯ ¾ĉÿwÎ£ Ç¿v¹¾~ ½¹ Ăĉđ ºþ¯ Ăî{É ½w¤·wÅ 

 

 ĂÖzv½   $,     #     R = (1/n)=В В (El30)K
mj

K=1
n
j=1 

 IĂÖzv½ üĉv ½¹R    yÆ³¾z ĈñºþĉwÅ¾å ĂýwĊăwù Ç¿½v ÔÅĀ¤ù

MJ.mm.ha-1.h-1.month-1    Ić½wùj  ā½ÿ¹  ćv¾zn    ¹vºÞ£

ówÅwăć    Ić½wùjmj    āwù ćv¾z āºþĉwÅ¾å ¥¹vĀ³ ¹vºÞ£j    ÿEI30  

 ¹vº·½ ćv¾z ûv½wz ĈñºþĉwÅ¾å ûvÀĊùK ùĈºÉwz ûv½wz ĈñºþĉwÅ¾å )

 ĂÖzv½ ÃwÅv¾z IÇ½wz ¹vº·½ ¾ă ćv¾z-   ¢Å¹ Ăzù Ĉj ĉº ) 

 ĂÖzv½   $- #               El = El30 =В er vr0
r=1 l30   

 IĂÖzv½ üĉv ½¹  l30    ¡ºÉ ¾¨ívº³.+   é¹ Ċ Ăê v ć   ìĉ óĀÕ ½¹

  IÇ½wz ¹vº·½er    yÆ³¾z ĈÊ{þ« ćÁ¾ývMJ ha-1 mm-1    ÿ

vr    yÆ³¾z Ĉñºý½wz Ûwæ£½vùĊöĈ¾¤ù    ĈÕ ½¹ ā½ÿ¹wăć    øĊÆê£

  Ç½wz ¹vº·½ ćv¾z āºÉù ĈºÉwz)  ½vºêù  er    ĂÖzv½ ¿v ā¹wæ¤Åv wz.  

$ ºÉ Ă{Åw´ù óºù ćv¾zBrown and Foster, 1987 )# 

 ĂÖzv½   $.   #      er = 0.29[1-0.72exp(-0.05ir)    

  IóĀù¾å üĉv ½¹ir    ĈÕ ½¹ Ĉñºý½wz ¡ºÉ ā½ÿ¹ wă ć    Ĉýwù¿

 yÆ³¾z āºÉ øĊÆê£  mm.h-1   ¢Åv ) 
 

 

  ½Ā¤íwå wÅ¾å ĉ È ¼~ ĉ ¾ ć    ëw· )K ( 
 ÈĉwÅ¾å ôùwÝ  Ăz ëw· Ĉ£v» ¢ĊÅwÆ³ ¾òýwĊz ëw· ć¾ĉ¼~

  ćÁ¾ýv ¾§v ¾z ëw· ¡v½» ûºÉ vº« ¢õĀĄÅ ÿ ¢Åv ÈĉwÅ¾å

 ûj ówê¤ýv ÿ ûv½wz ¡v¾Öé ĈÊ{þ«  v½ xwývÿ½ ćÿ¾Ċý ĂöĊÅÿ Ăz wă

 Ĉù ûwÊý ºă¹ )    ĂÖzv½ ¿v ÈăÿÂ~ üĉv ½¹/    ÿ Àþîùv½ ÔÅĀ£ Ăí

 Èýv½wîúă   ÈĉwÅ¾å  Ă{Åw´ù  ćv¾z  Ăõ¹wÞù  ½¹  ëw·  ć¾ĉ¼~

RUSLE   āºÉ Ătv½v I    ā¹wæ¤Åv ºĉ¹¾ñ   ĈýwĊí$  Iûv½wîúă ÿ Ĉýwò¯¾ă

,.43 #  ôÍw³ Ăõ¹wÞù )--0    ¾ĉ¹wêù wz ëw· ĈýwĄ« ā¹v¹++./ *+  I

+/+0 *+  I104 *,    ÿ2,+, *+    ćwă¾¤ùv½w~ ćv¾z yĊ£¾£ ĂzŬ  Iɓ  Iɢ    ÿ

ɔ    Ăí ¢Åv ºÞz   Ăê{Õ ¿v ëw· ćºþz    yĉ¾Ñ wz Ĉ¤åwz ¡wê{Õ Ăz

  üĊĊ{£43. *+    ½¹ )ºÉ Ătv½v  üĉv  ĂÖzv½K2   ÈĉwÅ¾å ôùwÝ  ć¾ĉ¼~

 $ ëw·t ha h ha-1  MJ-1 mm-1  ÿ #Dg    ¾Öé ĈÅºþă üĊòýwĊù

 ĈöĊù yÆ³¾z ¡v½»  ĂÖzv½ ¿v ©¾¸¤Æù ¾¤ù0  Ifi    Ăz ¡v½» ā¿vºýv

  ÿ ºÍ½¹mi   ĈöĊù yÆ³ ¾z ¡v½» ĈzwÆ³ üĊòýwĊù Åv ¾¤ù )¢ 
 

 $ ĂÖzv½/    #      + ɻ ɼÅØÐ 
 

 $ ĂÖzv½0     #       Dg=exp0/01ВfiIn mi 

 

  Ĉåv¾ñĀ~Ā£ ½Ā¤íwå )LS ( 

 IyĊÉ ºÍ½¹ ½Ā¤íwå    ÿ yĊÉ Ă«½¹ ¿v ĈÞzw£ ÄîÞþù āºþþí  

  ÀĊý yĊÉ óĀÕ ½Ā¤íwå )¢Åv ÈĉwÅ¾å ½vºêù ¾z yĊÉ Ă«½¹ ¾§v

 yĊÉ óĀÕ ¿v ĈÞzw£ ā¿vºýv ñ Ċ ¾ ć   )¢Åv ¾¤ù yÆ³¾z āºÉ Íw³  ô

 ¾Ñ x   $ Ĉåv¾ñĀ~Ā£ ½Ā¤íwå ûvĀþÝ Ăz IāºÉ ¹wĉ ½Ā¤íwå ÿ¹LS  #

  Ă¤·wþÉ ù Ĉ ¹ĀÉ   $  ĈzĀĉv  Iûv½wîúă ÿ,.30  ĂÊêý ĂĊĄ£ ćv¾z )#

 Ûwæ£½v ĈùĀé½ óºù ¿v IĈåv¾ñĀ~Ā£ ½Ā¤íwå.+   ā¹wæ¤Åv ĂêÖþù ć¾¤ù

  ôîÉ$ ºÉ- Ā¤íwå )#  ºþù¿wĊý Ĉåv¾ñĀ~Ā£ ½ ĂÊêý wă ć    ÜĊú¬£

 $ ¢Åv yĊÉ ÿ ûwĉ¾«Foster and Wischmeier, 1974  üĉv Ăí #

 ĂÊêý wă  wz ¢ĉwĄý ½¹ ÿ ©v¾¸¤Åv ĂêÖþù Ûwæ£½v ĈùĀé½ óºù ¿v I

  ĂÖzv½ ¿v ā¹wæ¤Åv1 $ ºùj ¢Å¹ Ăz Ĉåv¾ñĀ~Ā£ ½Ā¤íwå IMoore and 

Burch, 1986 )# 
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 ą½ÿ¹/2 É  ą½wúÉ, É  ½wĄz,/++ 

 $ ĂÖzv½1 # 
[(Flow Accumulation grid) × (Cell Size/ 22.13)] 0.4 × 

[Sin (Slope grid×0.01745)/ 0.0896] 1.3  LS = 

 Ăí    ûj ½¹Flow Accumulation    ¢úÅ Ăz ûwĉ¾« Üú¬£

  IóĀöÅ ¾ă ćv¾z yĊÉ ćđwzCell Size    ā¿vºýv óĀöÅ wă ć    Ăî{É

  ¾Ñw³ ÈăÿÂ~ ½¹$.+    ÿ #¾¤ùSlope    ¿v āºùj ¢Å¹ Ăz IyĊÉ

  yĊÉ ĂÊêý ù Ĉ ºÉwz  ¹ºÝ ¿v )+,2/0 *+    Ăz º³vÿ ôĉº{£ ćv¾z

 ÔĊ´ù ½¹ ûwĉ¹v½   ÷¾ý ½vÀåv  GIS    ā¹wæ¤Åv ù Ĉ ¹¹¾ñ ) 

 

 
  ôîÉ- )    Ûwæ£½v ĈùĀé½ óºù ĂêÖþù 

 

  ½Ā¤íwå ÈÉĀ~ ĈăwĊñ   )C ( 

 ÈÉĀ~ ½Ā¤íwå  Ă¤å½ üĊz ¿v ëw· ½vºêù ¢{Æý ¾òýwĊz ĈăwĊñ

  üĊù¿ ĂÞÖé ûwúă ¿v āºÉ ā¹ĀÅ¾å ëw· Ăz I¢Êí¾ĉ¿ üĊù¿ ¿v

  ĈăwĊñ ćwĉwêz wĉ ÈÉĀ~ ¿v ć½wÝ ÿ ÷ÿvºù Èĉj ĈÕ ½¹ ¢Åv  

 $Wischmeier and Smith, 1978  ½vºêù )# ôùwÝ üĉv    ĂÖzv½ ¿v

 Ĉù Ă{Åw´ù ¾ĉ¿  5¹ĀÉ 

  ĂÖzv½$2          #           # ÅØÐ Á  

  ûj ½¹ ĂíNDVI   ÈÉĀ~ ¡ÿwæ£ Ì·wÉ  ówù¾ý ĈăwĊñ

  ÿ āºÉŬ-2    ÿɓ-1    Ĉþ´þù ĂÖzv½ ôîÉ Ăí ºþ¤Æă Ĉĉwă¾¤ùv½w~

  üĊzNDVI    ÿC   Ĉù Ì¸Êù v½  Ì·wÉ )ºþþíNDVI  

  ¿v ÿ ¢Åv ćÀ¤þÅĀ¤å ¢ĊõwÞå ÿ ĈăwĊñ ĈòþĉÀ{Å ¿v ĈÎ·wÉ

 Ì·wÉ üĉ¾£¹¾z½wí¾~ ÈÉĀ~ ćwă ĀÍ Ăz Ăí ¢Åv ĈăwĊñ  ¡½

 Ĉù äĉ¾Þ£ ¾ĉ¿ 5¹ĀÉ 

  ĂÖzv½$3   #     NDVI = (NIR-RED) / (NIR+RED)  

  ûj ½¹ ĂíNIR   ýwz ½vºêù L é ûÿ¹wù º L ù¾ L ý À L  ÿ ìĉ¹ÀRED   

 ā½vĀăwù ¾ĉÿwÎ£ ½¹ Àù¾é ºýwz ½vºêù  ĈîĉÀĊåĀĊz ¾Úý ¿v )¢Åv ćv

NDVI   Ĉù Ăí ¢Åv ĈÊzw£ ćÁ¾ýv ¿v ĈÊ¸z  ã¾Í ºývĀ£

 ¢ĊõwÞå  ½vºêù )¹¹¾ñ ćÀ¤þÅĀ¤å ćwăNDVI   Ĉù  üĊz ºývĀ£,(    w£

,  ĈÍw· ĈîĉÁĀõĀív ÷ĀĄæù MwùĀúÝ ûj Ĉæþù ¾ĉ¹wêù )ºþí ¾ĊĊâ£ &

 ÈÉĀ~ wz ûj ¾¤ñ½Àz ¾ĉ¹wêù )¹½vºý  ćÀ¤þÅĀ¤å ¾Úý ¿v ówÞå ĈăwĊñ

 $ ¹½v¹ Ĉò¤Æ{úăAnderson et al., 1993  Ă{Åw´ù ćv¾z )#

  Ì·wÉNDVI    ćwăºýwz ¿v/    ÿ0    ¢Åºþõ ¾ĉĀÎ£3    ówÅ

-+,4    ĂÖzv½$ āºÉ ā¹wæ¤Åv4  ćv¾z ½Āí¼ù Ì·wÉ ĂÊêý ÿ #

 ÷¾ý ¿v ā¹wæ¤Åv wz IĂêÖþù  ½vÀåvENVI    ºùj ¢Å¹ Ăz  ÿ ćºú´ù$

  Iûv½wîúă,.41 )# 

 

 ëw· Ĉ¤Ùwæ³ ¡wĊöúÝ ½Ā¤íwå   )P ( 

  ûvĀþÝ Ăz v½ Ĉ¤Ùwæ³ ćwă½wí ôùwÝ  Ă¤å½ üĊz ¿v ëw· ½vºêù

  ¢¸õ Ăí ĈþĊù¿ Ăz IāºÉ ¢Ùwæ³ üĊù¿ ìĉ ²ÖÅ º³vÿ ½¹

  äĉ¾Þ£ IºÉwz ā¹½Ā· ø¸É ÿ yĊÉ üĉ¾£ºþ£ ¢Ą« ½¹ ÿ ºÉwz
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 ÈĉwÅ¾å ºýÿ½ ¾z ûj ¾§v ÿ ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ ĈÅ½¾z  ))) 

 ûv½wîúă ÿ ¡wĊ{Ý ºú´ù 

 ā¹¾í ºýv  Ĉ¤Ùwæ³ ćwă½wí IºÉwz ¾¤úí ôùwÝ üĉv ½vºêù Ă¯¾ă )

  ÿ ¾£¾§où ¢å½ ½ºă   ¢Åv ¾¤úí ëw·    Iûv½wîúă ÿ ćºú´ù$

,.41 # )   ½¹   ÈăÿÂ~   I¾Ñw³   ½vºêù   ½Ā¤íwå  P   ÃwÅv¾z   ÈÉĀ~  

 ĈÑv½v   ÿ   ¿v   èĉ¾Õ   Ăê{Õ ćºþz   ¹º¬ù   ¾ă   }Ċ£   ÈÉĀ~   üĊù¿  

 üĊĊÞ£   ºÉ  ) ½¹   ĂêÖþù   ¹½Āù   ĂÞõwÖù   ®Ċă ĂýĀñ   ¡wĊöúÝ   Ĉ³ĒÍv   ÿ  

 Ĉ¤ĉ¾ĉºù   ¡½ĀÍ   Ă¤å¾òý   ¢Åv  ) üĉv¾zwþz   Ç¿½v  P   ćv¾z   Ü£v¾ù  

,2 *+   ÿ   ćv¾z   ¾ĉwÅ   ¡wê{Õ   ÈÉĀ~   ĈÑv½v  ,   ½¹   ¾Úý   Ă¤å¾ñ   ºÉ ) 
 

 ĂÊêý ĂĊĄ£   ĈĉwĄý   ëw· ÈĉwÅ¾å 

  ÷wú£ ¢Æ¸ý Iëw· ÈĉwÅ¾å ĈĉwĄý ĂÊêý ©v¾¸¤Åv ćv¾z

  óºù ćwă½Ā¤íwåRUSLE    ôùwÉR  IK  IL  IS  IC    ÿP    Ăz

 ĂÊêý ¡½ĀÍ ¢ù¾å wz Ĉĉwă GRID   ÃwĊêù ÿ.+    ôĉº{£ ć¾¤ù

 ôÍw³ wz Ä Å ÿ ºÉ   Ăĉđ üĉv ÷wú£ x¾Ñ  ÈĉwÅ¾å ûvÀĊù Iwă

  ĈĉwĄý ĂÊêý ÿ Ă{Åw´ù ôÆîĊ~ ²ÖÅ ½¹ ëw·  ëw· ÈĉwÅ¾å

 ÑĀ³ ½¹ Ć    Iºþĉj¾å üĉv ĈÕ Üévÿ ½¹ )ºùj ¢Å¹ Ăz ĂÞõwÖù ¹½Āù

 ôÆîĊ~ ½¹ ¹Ā«Āù ¡wÝĒÕv Ăĉđ Ăz Ì¤¸ù ćwă  Ăĉw~ ¾z Ăí wă

  óºù Ôzvÿ½RUSLE   ÷¾ý ÔĊ´ù ½¹ I¹Āz āºÉ Ì¸Êù  ½vÀåv

GIS    ½vÀzv ÔÅĀ£Raster Calculator    ĂÖzv½ )ºýºÉ èĊæö£ øă wz

4 óºù ćwă¾¤ùv½w~ IRUSLE  Ĉù ûwÊý v½ $ ºă¹Renard et al., 

1997  )#    

 ĂÖzv½   $4  #                       A = R.K.L.S.C.P 

  IĂÖzv½ üĉv ½¹A    ÔÅĀ¤ù ¢å½ ½ºă    Iëw· ĈýwîùR    ôùwÝ

  Iûv½wz ĈñºþĉwÅ¾åK   ÈĉwÅ¾å  Iëw· ć¾ĉ¼~L    IyĊÉ óĀÕS  

  IyĊÉ ¡ºÉC   ÈÉĀ~ ¢ĉ¾ĉºù  ÿ ĈăwĊñP    Ĉ¤Ùwæ³ ôùwÝ

  )¢Åv 

 
  ¹½ÿj¾z  ½wz xĀÅ½ 

 ÈăÿÂ~ ªĉw¤ý  ìĉ ½¹ ëw· ÈĉwÅ¾å ôí IĂí ā¹v¹ ûwÊý wă

 Ĉúý ûwÆîĉ ĂêÖþù ûwúă ½¹ xĀÅ½ ½wz ½vºêù wz ĂêÖþù  ºÉwz

  Ić¿wĊý ÿ Ĉ·½j$,.34 ²ĉ¾Ê£ ½ĀÚþù Ăz )#   ûwîùv   xĀÅ½   ¹vĀù  

 Ă¤åwĉ ÈĉwÅ¾å   ÿ   ¢í¾³   ûj   ½¹   É Ăî{   ówýwí   ÿ   ½¹   ¢ĉwĄý   ½¹  

 Ĉ«ÿ¾· ćwă   IĂÑĀ³   ¾ĉ¹wêù   ¢{Æý   ĉĀ´£ ô   Å½ xĀ  SDR  

 Ĉù Ă{Åw´ù ĂÞõwÖù ¹½Āù ĂêÖþù  )¹¹¾ñ v ½¹ ĉ ü   ĂÞõwÖù I    ĂÅ ¿v

  ¢³wÆù ÃwÅv¾z Çÿ½USDA 1975    ĂÖzv½$,+ Āz # ĉ Ä  

,420    ĂÖzv½$,, ýĀývÿ ÿ # Ĉ  ,420    ĂÖzv½$,- ºÉ ā¹wæ¤Åv # ā  

 )¢Åv 

 ĂÖzv½   $,+             #       SDR = 0.5656A-0.11 

 ĂÖzv½   $,,        #             SDR = 0.4724A-0.125 

 ĂÖzv½   $,-        #           SDR = 0.3750A-0.2382 

 ½¹    çĀå Ăõ¹wÞù ĂÅA    Ăz ĂÑĀ³ ¢³wÆù Üz¾ù¾¤ùĀöĊí  

 )¢Åv    IüĊþ°úă ā¿vºýv ćv¾z āºăwÊù xĀÅ½ ½vºêù ć¾Ċñ  ¿v ćv

 ĂýĀúý ¾ĉ¹wêù èöÞù ½wz ć½v¹¾z   ìĉ¹Àý  āwò¤Æĉv üĉ¾£  ć¾¤ùÿ½ºĊă

  ÿ xĀÅ½ ¾Úý  ¿v  Ăí  Ĉ¬þÅ   üĊù¿  ¡wĊÍĀÎ· ĈÅwþÉ    ÿ

  Iā¹Āz ĂÞõwÖù ¹½Āù ĂêÖþù Ăz ĂĊ{É Ĉåv¾ñĀĉÀĊå ÿ Ĉåv¾ñĀ~Ā£  ĈÕ

  ć½wùj ā½ÿ¹,.3,(,.44    ā¹wæ¤Åv wz ĂÑĀ³ Ĉ«ÿ¾· ½¹ Üévÿ

 Ĉþ¬þù ¿v Ă¤Å¹ ÔÅÿ º³$ Ă¬þÅ ćwă  #wă  )ºĉ¹¾ñ ā¹wæ¤Åv 

 

  ć¾z½wí ¾ĊĊâ£ ¾§v üĊù¿   ëw· ÈĉwÅ¾å ¾z 
 Ą«  ÈĉwÅ¾å ¾z ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ ¾§v Ĉzwĉ¿½v ¢

  ëw· ÈĉwÅ¾å ĂÊêý wz ówÅ ¾ă ĈÑv½v ć¾z½wí ĂÊêý Iëw·

  ûvÀĊù IÈÉĀ~ Ăê{Õ ¾ă ćv¾z ÿ āºÉ ĂÆĉwêù ówÅ ûwúă

  È¸z ½¹ Ăí ºÉ Ì¸Êù ÈĉwÅ¾å Ăê{Õ ¢³wÆù ÿ ÈĉwÅ¾å

 )¢Åv āºÉ ā¹½ÿj ªĉw¤ý 

 

 ªĉw¤ý 

 ªĉw¤ý   Ăê{Õ ºþz ć    ¾ĉÿwÎ£ ā½vĀăwù v ć 

  ¿v Ä~ Ăê{Õ ºþz ć    ¾ĉÿwÎ£ ā½vĀăwù v ć  I ĂÊêý wă ć    ć¾z½wí

 ĈÑv½v   āºùj ¢Å¹ Ăz    Ăz ÈÉ   ÃĒí   ĂþĄ~ wă ć   IĈýĀîÆù Ixj  

 ¡wáwz ÿ Ĉzj ¢Ýv½¿ ÿ øĉ¹ ¢Ýv½¿ IÜ£v¾ù I¾ĉwz ĈÑv½v  ìĊîæ£

  āºÉ ôîÉ$ ćwă  .    ÿ/  # ¢³wÆù ÿ   ¾ă ìĉ    ¿v ÃĒí wă   v¾z ć  

 ówÅ ¾ă   ºĉ¹¾ñ Ì¸Êù    óÿº«$- # )   ¢´Í   ĂÊêý wă ć   Ăz  

 ¢Å¹   āºùj   v¾z ć   ówÅ wă ć  -++-   ÿ  -+,4   wz   ā¹wæ¤Åv   ¿v  ,++  

 ĂÖêý   ó¾¤þí   ù¿ Ċ þ Ĉ   ÿ   ĀÎ£ ĉ ¾   òý½ Ĉ   x»wí   ûwúă   ówÅ wă   ¹½Āù  

 Å½¾z Ĉ   ½v¾é   ¢å¾ñ  )  ¢´Í ÿ w~wí yĉv¾Ñ IÈăÿÂ~ üĉv ½¹

  Ĉöí ĂÊêý wă ć    ćv¾z ĈÑv½v ć¾z½wí ówÅ  -++-    ¾zv¾z yĊ£¾£ Ăz

3. *+  ÿ34 *+    ówÅ ćv¾z ÿ-+,4   ¾zv¾z yĊ£¾£ Ăz4- *+   ÿ40 *+  

 Ăz )ºùj ¢Å¹    Iüĉv¾zwþz ĂÊêý ¾ă ĈÑv½v ć¾z½wí ćwă   ÿ¹   Iāºþ¬þÅ  

 ¿v   v¾Ñ ĉ y   w~wí   ÿ   ¢´Í   öí Ĉ   đwz ć  2+ *+   ½v¹½Ā·¾z   )ºý¹Āz 



,++  
 ą½ÿ¹/2 É  ą½wúÉ, É  ½wĄz,/++ 

 

 
  ôîÉ.  ) ĂÊêý   ĈÑv½v ć¾z½wí   ćv¾z   ówÅ -++- 

 

 
  ôîÉ/ )   Êêý Ă    ĈÑv½v ć¾z½wí  ćv¾z ówÅ  -+,4 

   
  óÿº«- )   ¢³wÆù   ć¾z½wí ¡wê{Õ    ¡v¾ĊĊâ£ ºýÿ½ ÿ ówÅ ¾ă ½¹ ĈÑv½v ûj wă 

  ć¾z½wí ¡wê{Õ

 ĈÑv½v 

 ówÅ-++-  ówÅ-+,4  ãĒ¤·v 

 #ºÍ½¹$ ¢³wÆù  ½w¤îă  ºÍ½¹  ½w¤îă  ºÍ½¹ 

ĂþĄ~wăć  xj 2-*/.+1 0 .3*.//0 / ,( 

ĈýĀîÆù +2*0,13 1 21*134+ 3 - 
¾ĉwz ĈÑv½v ,3*,-4-+ ,0 02*,1.10 ,4 / 

 Ü£v¾ù -4*-+12- -/ 32*,/1/- ,2 2( 

 øĉ¹ ¢Ýv½¿ -4*-+12- -/ ..*-.-01 -2 . 

 ¡wáwz ÿ Ĉzj ¢Ýv½¿ 44*--.4/ -1 1/*-,0.. -0 ,( 

 Üú« 03*31,./ ,++ 03*31,./ ,++ ( 



  ,+, 

 

 ÈĉwÅ¾å ºýÿ½ ¾z ûj ¾§v ÿ ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ ĈÅ½¾z  ))) 

 ûv½wîúă ÿ ¡wĊ{Ý ºú´ù 

 

  ā¿wz ½¹ ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ ºýÿ½ ĈÅ½¾z ¿v ôÍw³ ªĉw¤ý

  Ĉýwù¿ ówÅ wă ć  -+,4(-++-    ûwÊý ù Ĉ ºă¹    IĈýĀîÆù èÕwþù Ăí

  ¢Ýv½¿ ÿ ¾ĉwz ĈÑv½v øĉ¹    ûvÀĊù Ăz yĊ£¾£ Ăz14 *,2--  I

.4 *.//0   ÿ+/ *-03/  ÿ Ă¤Év¹ ¢³wÆù ÈĉvÀåv ½w¤îă ĂþĄ~ wă ć  

  ¢Ýv½¿ ÿ Ü£v¾ù IĈzj Ĉzj    yĊ£¾£ Ăz./ *31,  I/- *1+-4    ÿ

.0 *31,    ¢Å¹ ¿v v½ ¹Ā· ¢³wÆù ¿v ½w¤îă ā¹v¹ ºýv )    ûvÀĊù

 ¡v¾ĊĊâ£    ĈÊĉvÀåv ÿ ĈÊăwí ¾ă ½¹ ¿v ìĉ   ć¾z½wí  Iwă ¾Ċ§m£    ôzwé

 ĂÚ³Ēù ćv    ¾z  ëw· ÈĉwÅ¾å ¡ºÉ ¢Év¹ ºăvĀ·  ¿v Ĉîĉ )

 ĂþĄ~ IÈĉwÅ¾å ¾z ½v¼ñ¾§v ¾ÍwþÝ  xj ¡wýwĉ¾« ÿ Ĉzj ćwă

 Ăýw·¹ÿ½  )¢Åv ćv  ¹½Āù ĂêÖþù ½¹ ĂþĄ~ ¡v¾ĊĊâ£ ºýÿ½ IĂÞõwÖù  ćwă

  J¢Åv ā¹Āz ĈÊăwí Ixj ºz v þÞù û w   Ăí   ówÅ ĂöÍwå ½¹  ćwă-++-  

  w£-+,4    ¹ÿº³ ć¹ĒĊù./ *31,    v½ ¹Ā· ¢³wÆù ¿v ½w¤îă

  ¢´£ ¾Ċ§m£    ºþýwù ĈöùvĀÝ õwÆîÊ· Ĉ I   Þú« øív¾£ Ċ ¢   vÀåv ÿ ĉ È  

 ¢Év¹¾z ā¹v¹ ¢Å¹ ¿v I  Üévÿ ½¹ )ºýv Ăýw·¹ÿ½ wă    ¡wýwĉ¾« ÿ

 xj Ĉ´ÖÅ  I ¢í¾³ üúÑ   wÅ¾å ¦Ýwz ĉ È   ù ¹Ā· ¾¤Æz Ĉ ĀÉ ý º  

 útv¹ ÿMw   ûj   úÝ v½ Ċ è ¾£   Åÿ ÿ Ċ Ü ¾£   ù Ĉ þí þ º )   wÅ¾å ĉ éºþ· È Ĉ I   ¿v  

 wÅ¾å ÛvĀýv Ăöú« ĉ zj È Ĉ   ºÊ£ ÿ ĉ  ÿ ¹vº·½ Ăí ¢Åv āºýĀÉ º

 â£ y«Āù ûj Ç¾¤Æñ ĊĊ ù¿ ¾Úþù ½¹ ¿½wz ¡v¾ Ċ  ¢å¾Æ~ ÿ ü

 Ñv½v Ĉ   ¾¸£ ÿ ĉ ́ ù y Ċ Ô ¿ ĉ ù ¢Æ Ĉ )¹ĀÉ   ¤ý Ċ Ă¬   wĄý Ĉĉ   wÅ¾å ĉ È    ÿ

 Ăýw·¹ÿ½ ÔÅĀ£ ¹vĀù ôú³ xwývÿ½ ÿ wă Ĉ´ÖÅ ćwă ¾z I   w« ć  

 đ ûºÉ Ă¤Év¼ñ ĉ Ă wă Ĉĉ   )¢Åv ¡wzĀÅ½ ¿v    ½¹ ĂÞõwÖù ¹½Āù ĂêÖþù  

 Ý āºăwÊù Ċ þ Ĉ   ÛĀ«½ ÿ   Ăz   ù ûwÊý Ă¤É¼ñ Ĉ zj ¢Ýv½¿ Ăí ºă¹ Ĉ    ÿ

 ¹ ĉ ø   v wùv )¢Åv ā¹Āz ÷ĀÅ¾ù ĉ ü   ā¹wæ¤Åv ¾¨ív ½¹ wă   Ówêý   ÃwÅv¾z  

 ÍĀÎ· Ċ ¡w   ÅĀív Ċ ø¤Æ   Ăz Ă«Ā£ ÿ   {Õ ûvĀ£ Ċ Þ Ĉ   ÁĀõĀív ÿ ĉ î Ĉ    ûj

 ¤ý ½¹ Ăí ā¹Ā{ý Ċ Ă¬   ¦Ýwz   wÅ¾å ĉ IÈ   ¾¸£ ĉ y   õĀ£ Èăwí ÿ Ċ º   v ĉ ü  

 Ñv½v Ĉ   āºÉ   ¢Åv ów¨ù  ½ĀÕ  Ăz  ) I    ĂêÖþù  ûv¿½ÿwÊí  ¾¨ív

 ¡đĀÎ´ù   ¹Ā·    Ăz$ v½ āÂĉÿ   ¹ ÷ºþñ ĉ ø É ½¹ # Ċ y wă ć   yÅwþùwý  

 ĉ þÞ Ĉ    ¿v ¾£đwz,-   ù ¢Êí ºÍ½¹ Ĉ Ă«Ā£ ÷ºÝ ÿ ºþþí   Ăz  

 Æýw¤~ Ċ ô wă ć   ¹Ā«Āù I   ¹Āzwý y«Āù ć   v ĉ ü   Ñv½v Ĉ   āºÉ   ¢Åv )  

 wÅ¾å ĉ È   â£ ½¹ ëw· ĊĊ ¾   ¾z½wí ć   ýĀîÆù èÕwþù Ăz Ĉ   đwz µ¾ý Ĉĉ  

 ¹½v¹ )   Êý¾ĄÉ Ç¾¤Æñ Ċ þ Ĉ   õwÞå ÿ Ċ ¢ wă ć   ýv¾úÝ Ĉ    øĄù ôùvĀÝ ¿v

 ëw· ¢å¾Æ~ wă    Iëw· ĈÞĊ{Õ ÈÉĀ~ û¹¾z üĊz ¿v wz ÿ ā¹Āz

  ÈĉvÀåv v½ »Āæý ôzwé¾Ċá ±ĀÖÅ Ĉù  )ºþă¹  Èăwí wz IüĊþ°úă

 ÈÉĀ~ ¢úÆé ĈÒÞz ½¹ ÿ ĈÞ£¾ù ĈăwĊñ  IüĊù¿ ûºýwù ¾ĉwz wă

 Ĉù ½v¾é ć¹wz ÈĉwÅ¾å Ï¾Þù ½¹ Ĉ³vĀý ûj ëw·  )¹¾Ċñ   

 

  óºù ćwă½Ā¤íwå ĂÊêý ĂĊĄ£RUSLE 
  ĈñºþĉwÅ¾å ½Ā¤íwå )R ( 

  ûv½wz ĈñºþĉwÅ¾å Ì·wÉ ûvÀĊù Ă{Åw´ù ¿v ôÍw³ ªĉw¤ý

  ćv¾z,/  v ĉ āwò¤Æ   óÿº«$ ĂÞõwÖù ¹½Āù ĈÅwþÉvĀă.  óÿº« ½¹ I#

/    û¹Ā{ý ówù¾ý ôĊõ¹ Ăz üĊþ°úă )¢Åv āºÉ Ătv½v ā¹v¹ wă ć  

  Çÿ½ wz ĈñºþĉwÅ¾å ½Ā¤íwå ĂÊêý IĈñºý½wz ûÿ½¹ ĉ zw Ĉ  IDW   ½¹

  ÔĊ´ù ÷¾ý ½vÀåv  GIS  ć½wùj ā½ÿ¹ ćv¾z I,.40(,.2/    ºÉ ĂĊĄ£

  ôîÉ ½¹ Ăí0    ½vºêù IôîÉ üĉv èzwÖù )¢Åv āºÉ ā¹½ÿj #äõv$

  ½Ā¤íwåR   ¿v  - *,-3    w£4 *034  MJ mm ha-1 h-1 y-1    ¾Ċâ¤ù

  ĂÞõwÖù ¹½Āù ĂêÖþù ½¹ ½Ā¤íwå üĉv ¹wĉ¿ ¡v¾ĊĊâ£ ¾òýwĉwúý Ăí ¢Åv

 ù Ĉ ºÉwz ) 

 
  óÿº«. )    ćv¾z ûv½wz ĈñºþĉwÅ¾å ¹½ÿj¾z v ĉ āwò¤Æ wă ć   ĈÅwþÉvĀă 

 ½Ā¤íwåR 

 $1-y 1-h 1-MJ mm ha # 
 āwò¤Æĉv ÷wý äĉ¹½ 

 ½Ā¤íwåR 

 $1-y 1-h 1-MJ mm ha # 
 ÷wý āwò¤Æĉv äĉ¹½ 

0*-,0 É ĂúÊ¯Ċ¾ĉ ü 3 .*/0, ¤æăîô , 

1*-+. Ā«íþ ì 4 2*.41  Àù¾Ąùv½ Ĉåv¾´ýv ºÅ - 

/*,43  ¡v¹wÅ ā¹ ,+ ,*0,,  ĒÝv . 

-*,-3 °ñw~Ĉ  Àù¾Ąùv½ ,, 3*/34  wéj ówù / 

2*.3.  üòõv ,- 0*00. öúáwz ì 0 

,*01-  ÷wÚý ø¯ ,. 4*034  ô£ ĂÞöé 1 

2*.40  ĂÞöé w~ ,/ 4*-.3 ÉwùĊ ü 2 
 



,+-  
 ą½ÿ¹/2 É  ą½wúÉ, É  ½wĄz,/++ 

 

  ½Ā¤íwå wÅ¾å ĉ È ¼~ ĉ ¾ ć   $ ëw·K # 

 ćwþ{ù ¾z  z ªĉw¤ý āºùj ¢Å¹ Ă  Ì·wÉ ½vºêù wÅ¾å ĉ È ¼~ ĉ ¾ ć  

  ówÅ ćv¾z ĂÞõwÖù ¹½Āù ĂêÖþù ½¹ ëw·-++-    üĊz+    w£-. *+    ÿ

  ówÅ ćv¾z-+,4   ÀĊý   üĊz  +    w£.0 *+  MG ha h ha-1 MJ-1 mm-

1    ¾Ċâ¤ù ù Ĉ ºÉwz  )  ôîÉ ½¹0    Ĉýwîù Üĉ¿Ā£ ĂÊêý I#| ÿ x$

  ½Ā¤íwåK    ćv¾z ówÅ wă ć  -++-    ÿ-+,4   )¢Åv āºÉ ā¹½ÿj 
 

 $ Ĉåv¾ñĀ~Ā£ ½Ā¤íwåLS # 

 Ĉåv¾ñĀ~Ā£ ½Ā¤íwå ĂÊêý    Ûwæ£½v ĈùĀé½ óºù ¿v ā¹wæ¤Åv wz

  ĂÖzv½ ÃwÅv¾z ÿ ĂêÖþù1   ½¹ wz   ¾Úý    üĊz ôzwê¤ù Èþí ü¤å¾ñ

  Ă{Åw´ù ĂÞõwÖù ¹½Āù ĂêÖþù ćv¾z xj ûwĉ¾« Üú¬£ ÿ Ĉåv¾ñĀ~Ā£

  ôîÉ ½¹ Ăí ºÉ0    ôîÉ üĉv ÃwÅv¾z )¢Åv āºÉ ā¹½ÿj #¡$

  ½Ā¤íwå ½vºêùLS   üĊz ĂÞõwÖù ¹½Āù ĂêÖþù ½¹  +    w£- */1    ¾Ċâ¤ù

 ù Ĉ ºÉwz ) 
 

  ½Ā¤íwå ĈăwĊñ ÈÉĀ~   $C # 

  ½Ā¤íwå ĂÊêý ĈăwĊñ ÈÉĀ~    Ì·wÉ ¿v ā¹wæ¤Åv wzNDVI    ÿ 

  ĂÖzv½ ÃwÅv¾z3    Üévÿ ½¹ )ºÉ Ă{Åw´ù ĂÞõwÖù ¹½Āù ĂêÖþù ćv¾z

  Ì·wÉ wz ĈÅĀîÞù ĂÖzv½ ôùwí ½ĀÕ Ăz ½Ā¤íwå üĉvNDVI    )¹½v¹

  ½Ā¤íwå ĂÊêý ĈăwĊñ ÈÉĀ~    ćv¾z ówÅ wă ć  -++-    ÿ-+,4    ½¹

 ôîÉ  0    ½vºêù IôîÉ üĉv ÃwÅv¾z )¢Åv āºÉ ā¹½ÿj #­ ÿ ¥$

  ½Ā¤íwåC    ćv¾z  ówÅ-++-    üĊz,/ *+    w£2- *+    ówÅ ćv¾z ÿ-+,4  

  üĊz-/ *+    w£0, *+    ¾Ċâ¤ù ù Ĉ ºÉwz  ûwÊý ½Ā¤íwå üĉv ĂÊêý ) ù Ĉ ºă¹  

  ºéwå èÕwþù ½¹ ½Ā¤íwå üĉv ½vºêù üĉ¾¤ÊĊz Ăí ĈăwĊñ ÈÉĀ~    ÿ

 )¢Åv øív¾¤ù ÈÉĀ~ wz èÕwþù ½¹ ûj ½vºêù üĉ¾¤úí ÿ ¢Åv ¾ĉwz 
 

 $ Ĉ¤Ùwæ³ ¡wĊöúÝ ½Ā¤íwåP # 

  èĉ¾Õ ¿v Ĉ¤Ùwæ³ ¡wĊöúÝ ½Ā¤íwå ĂÊêý Ăê{Õ ºþz ć    ¹º¬ù

  ¡wê{Õ ÈÉĀ~ ĈăwĊñ   ĂÕĀz¾ù ¹ºÝ ËwÎ¤·v ÿ I    ½¹ Ăí ºÉ ĂĊĄ£

  ôîÉ0    ćv¾z ½Ā¤íwå üĉv ½vºêù )¢Åv āºÉ ā¹½ÿj #± ÿ ©$

 ówÅ wă ć -++-   ÿ-+,4   üĊz,2 *+    w£,   ĂÞõwÖù ¹½Āù ĂêÖþù ćv¾z

 )ºùj ¢Å¹ Ăz 

 

 
  ôîÉ0  ) ĂÊêý    óºù ćwă½Ā¤íwåRUSLE   ówÅ ćv¾z  ćwă-++-    ÿ-+,4 

 ĂÊêý #äõv   ĈñºþĉwÅ¾å ½Ā¤íwå   Iûv½wz   x  # ĂÊêý   ½Ā¤íwå   wÅ¾å ĉ È ¼~ ĉ ¾ ć   ëw·   ćv¾z   ówÅ  -++- I   |  # ĂÊêý   ½Ā¤íwå   wÅ¾å ĉ È ¼~ ĉ ¾ ć   ëw·   ćv¾z   ówÅ  -+,4 I   ¡  # ĂÊêý   ½Ā¤íwå  
 IĈåv¾ñĀ~Ā£   ¥  # ĂÊêý   ½Ā¤íwå   ĈăwĊñ ÈÉĀ~   ćv¾z   ówÅ  -++- I   ­  # ĂÊêý   ½Ā¤íwå   ĈăwĊñ ÈÉĀ~   ćv¾z   ówÅ  -+,4 I   ©  # ĂÊêý   ½Ā¤íwå   ¡wĊöúÝ   Ĉ¤Ùwæ³   ćv¾z   ówÅ  -++- I   

 ±  # ĂÊêý   ½Ā¤íwå   ¡wĊöúÝ   Ĉ¤Ùwæ³   ćv¾z   ówÅ  -+,4 



  ,+. 

 

 ÈĉwÅ¾å ºýÿ½ ¾z ûj ¾§v ÿ ĈÑv½v ć¾z½wí ¡v¾ĊĊâ£ ĈÅ½¾z  ))) 

 ûv½wîúă ÿ ¡wĊ{Ý ºú´ù 

 

 ëw· ĂýđwÅ ÈĉwÅ¾å   xĀÅ½ ºĊõĀ£ ÿ 

  ćwă½Ā¤íwå ĂÊêý Iëw· ĂýđwÅ ÈĉwÅ¾å ĂÊêý ĂĊĄ£ ¢Ą«

 ĈñºþĉwÅ¾å  $R # I  wÅ¾å ĉ È ¼~ ĉ ¾ ć  ëw·   $K # I  Ĉåv¾ñĀ~Ā£  $LS #  I

 ĈăwĊñ ÈÉĀ~   $C #   ÿ   ¡wĊöúÝ   Ĉ¤Ùwæ³   $P #    ÔĊ´ù ½¹ ÷¾ý ½vÀåv  

GIS    ĂÖzv½ ÃwÅv¾z,    ¾ĉ¹wêù ÿ āºÉ èĊæö£ ¢å½ ½ºă    ĂýđwÅ

 $ ëw·A  ĂÊêý Ä Å )ºùj ¢Å¹ Ăz # ówÅ wă ć  -++-    ÿ-+,4    Ăz

  ÈĉwÅ¾å ¾Ö· ÃĒí ªþ~ Ăê{Õ ºþz ć   ôîÉ ½¹ Ăí ºÉ ćwă  1    ÿ2  

  ¢³wÆù ºÍ½¹ ÿ ¢³wÆù üĊþ°úă )¢Åv āºÉ ā¹v¹ ûwÊý

  ¿v ìĉ¾ă ÃĒí wă ć    ½¹ ĂÞõwÖù ¹½Āù ĂêÖþù ½¹ ÈĉwÅ¾å ¾Ö·

  óÿº«/    óÿº« üĉv )¢Åv āºÉ ā¹½ÿj ûwÊý āºþă¹    ÈĉvÀåv

  üĊz ā¿wz ½¹ ëw· ÈĉwÅ¾å ówÅ wă ć  -++-    w£-+,4   ù Ĉ ºÉwz ) 

 

 
  ôîÉ1  ) ĂÊêý    ëw· ÈĉwÅ¾å  ćv¾z ówÅ  -++- 

 

 
  ôîÉ2 )   ĂÊêý    ëw· ÈĉwÅ¾å  ćv¾z ówÅ  -+,4 


