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Introduction  

ÑőŔƚШƖĲƓŸƖƣШŸƨƣũŔŰĲƚШƣőĲШũċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃШċƚƚĲƚƚůĲŰƣШŔŰШÉŸŉċũċШċŰĬШ~ċŰŔĦċШƓƖŸƻŔŰĦĲƚЯШ

ĦŸŰĬƨĦƣĲĬШċƚШƓċƖƣШŸŉШƣőĲШEŰƻŔƖŸŰůĲŰƣċũШċŰĬШÉŸĦŔċũШfůƓċĦƣШ ƚƚĲƚƚůĲŰƣШŉŸƖШƣőĲШÉċŉĲƖШÅŸċĬƚШŉŸƖШ

ÉŸĦŔŸĲĦŸŰŸůŔĦШfŰƣĲŊƖċƣŔŸŰШŔŰШ~ŸǍċůĤŔƕƨĲШтШ~ƨũƣŔƓőċƚĲШÂƖŸŊƖċůůċƣŔĦШ ƓƓƖŸċĦőЮ 

 

ƚШ~ŸǍċůĤŔƕƨĲШƓƖŸŊƖĲƚƚĲƚШƣŸƽċƖĬШŔůƓƖŸƻŔŰŊШŔƣƚШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƣŸШŉŸƚƣĲƖШĲĦŸŰŸůŔĦШŊƖŸƽƣőШċŰĬШ

ƚŸĦŔċũШĬĲƻĲũŸƓůĲŰƣЯШƣőĲШŔŰƣĲŊƖċƣŔŸŰШŸŉШĲŰƻŔƖŸŰůĲŰƣċũШƚƨƚƣċŔŰċĤŔũŔƣǃШŔŰƣŸШƣőŔƚШƓƖŸĦĲƚƚШőċƚШ

ĤĲĦŸůĲШ ƓċƖċůŸƨŰƣЮШÑőĲШ xċŰĬƚĦċƓĲШ ÂĲƖůĲċĤŔũŔƣǃШ ƚƚĲƚƚůĲŰƣШ ŉŸƖШ ÉŸŉċũċШ ċŰĬШ ~ċŰŔĦċШ

ƓƖŸƻŔŰĦĲƚЯШĦŸŰĬƨĦƣĲĬШċƚШƓċƖƣШŸŉШƣőĲШĤƖŸċĬĲƖШEŰƻŔƖŸŰůĲŰƣċũШċŰĬШÉŸĦŔċũШfůƓċĦƣШ ƚƚĲƚƚůĲŰƣШŉŸƖШ

ƣőĲШÉċŉĲƖШÅŸċĬƚШŉŸƖШÉŸĦŔŸĲĦŸŰŸůŔĦШfŰƣĲŊƖċƣŔŸŰШŔŰШ~ŸǍċůĤŔƕƨĲШтШ~ƨũƣŔƓőċƚĲШÂƖŸŊƖċůůċƣŔĦШ

ƓƓƖŸċĦőШы~Â ьЯШċĬĬƖĲƚƚĲƚШƣőĲШƨƖŊĲŰƣШŰĲĲĬШƣŸШĤċũċŰĦĲШĬĲƻĲũŸƓůĲŰƣШƽŔƣőШƣőĲШĦŸŰƚĲƖƻċƣŔŸŰШŸŉШ

~ŸǍċůĤŔƕƨĲќƚШŰċƣƨƖċũШũċŰĬƚĦċƓĲƚЮШÑőĲƚĲШƓƖŸƻŔŰĦĲƚЯШťŰŸƽŰШŉŸƖШƣőĲŔƖШƖŔĦőШĤŔŸĬŔƻĲƖƚŔƣǃЯШƻŔĤƖċŰƣШ

ĲĦŸƚǃƚƣĲůƚЯШ ċŰĬШ ƚŔŊŰŔǯĦċŰƣШ ƽŔũĬũŔŉĲШ ƓŸƓƨũċƣŔŸŰƚЯШ ċƖĲШ ċũƚŸШ ƻŔƣċũШ ĦŸƖƖŔĬŸƖƚШ ŉŸƖШ ƖĲŊŔŸŰċũШ

ĦŸŰŰĲĦƣŔƻŔƣǃЮШ cŸƽĲƻĲƖЯШ ŔŰŉƖċƚƣƖƨĦƣƨƖĲШ ĬĲƻĲũŸƓůĲŰƣШтШƓċƖƣŔĦƨũċƖũǃШ ƖŸċĬШ ŰĲƣƽŸƖťƚШтƓŸƚĲƚШ

ƓŸƣĲŰƣŔċũШƣőƖĲċƣƚШƣŸШƣőĲШĲĦŸũŸŊŔĦċũШŔŰƣĲŊƖŔƣǃШŸŉШƣőĲƚĲШƖĲŊŔŸŰƚЮШÅŸċĬƚШĦċŰШŉƖċŊůĲŰƣШőċĤŔƣċƣƚЯШ

ŔƚŸũċƣĲШƽŔũĬũŔŉĲШƓŸƓƨũċƣŔŸŰƚЯШċŰĬШĦƖĲċƣĲШĤċƖƖŔĲƖƚШƣőċƣШőŔŰĬĲƖШŰċƣƨƖċũШůŸƻĲůĲŰƣƚЯШƣőĲƖĲĤǃШ

ċǭĲĦƣŔŰŊШĤŔŸĬŔƻĲƖƚŔƣǃШĦŸŰƚĲƖƻċƣŔŸŰШĲǭŸƖƣƚЮШÑőŔƚШŉƖċŊůĲŰƣċƣŔŸŰШůċǃШċũƚŸШŔůƓċĦƣШĲĦŸƚǃƚƣĲůШ

ƚĲƖƻŔĦĲƚШƨƓŸŰШƽőŔĦőШũŸĦċũШĦŸůůƨŰŔƣŔĲƚШƖĲũǃЯШĲǂċĦĲƖĤċƣŔŰŊШĲǂŔƚƣŔŰŊШĲŰƻŔƖŸŰůĲŰƣċũШċŰĬШƚŸĦŔŸр

ĲĦŸŰŸůŔĦШƻƨũŰĲƖċĤŔũŔƣŔĲƚЮШ 

 

ÑőĲШƓƖŔůċƖǃШŊŸċũШŸŉШƣőŔƚШũċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃШċƚƚĲƚƚůĲŰƣШŔƚШƣŸШĲƻċũƨċƣĲШőŸƽШŔŰŉƖċƚƣƖƨĦƣƨƖĲШ

ĬĲƻĲũŸƓůĲŰƣƚЯШƚƨĦőШċƚШƖŸċĬШĦŸŰƚƣƖƨĦƣŔŸŰШċŰĬШƖĲőċĤŔũŔƣċƣŔŸŰЯШŔŰǰƨĲŰĦĲШƽŔũĬũŔŉĲШůŸƻĲůĲŰƣЯШ

őċĤŔƣċƣШĦŸŰŰĲĦƣŔƻŔƣǃЯШċŰĬШƣőĲШŰċƣƨƖċũШǰŸƽШŸŉШĲĦŸƚǃƚƣĲůƚЮШ7ǃШĲǂċůŔŰŔŰŊШťĲǃШŉċĦƣŸƖƚШƚƨĦőШċƚШũċŰĬШ

ƨƚĲШĦőċŰŊĲƚЯШőċĤŔƣċƣШŉƖċŊůĲŰƣċƣŔŸŰЯШċŰĬШƣőĲШƓƖĲƚĲŰĦĲШŸŉШŰċƣƨƖċũШĦŸƖƖŔĬŸƖƚЯШƣőŔƚШċƚƚĲƚƚůĲŰƣШ

ċŔůƚШƣŸШƓƖŸƻŔĬĲШċШĦŸůƓƖĲőĲŰƚŔƻĲШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШũċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃШŔŰШÉŸŉċũċШċŰĬШ

~ċŰŔĦċШƓƖŸƻŔŰĦĲƚЯШŉŸƖШƣőĲШƚĲĦƣŔŸŰƚШŸŉШƣőĲШ ΝШƖŸċĬШƣŸШĤĲШƖĲőċĤŔũŔƣċƣĲĬЮШÑőĲШƚƣƨĬǃШŉŸĦƨƚĲƚШŸŰШ

ŔĬĲŰƣŔŉǃŔŰŊШĦƖŔƣŔĦċũШĤċƖƖŔĲƖƚЯШĬĲƣĲƖůŔŰŔŰŊШċƖĲċƚШƽőĲƖĲШƽŔũĬũŔŉĲШċŰĬШĲĦŸƚǃƚƣĲůƚШċƖĲШůŸƚƣШċƣШƖŔƚťЯШ

ċŰĬШƓƖŸƓŸƚŔŰŊШƚŸũƨƣŔŸŰƚШƣŸШĲŰőċŰĦĲШĦŸŰŰĲĦƣŔƻŔƣǃШċŰĬШůŔƣŔŊċƣĲШŰĲŊċƣŔƻĲШŔůƓċĦƣƚЮ 

 

ÑőŔƚШ ƖĲƓŸƖƣШ ŸƨƣũŔŰĲƚШ ƣőĲШ ůĲƣőŸĬŸũŸŊǃШ ĲůƓũŸǃĲĬШ ƣŸШ ĦŸŰĬƨĦƣШ ƣőĲШ ċƚƚĲƚƚůĲŰƣЯШ ƽőŔĦőШ

ŔŰĦŸƖƓŸƖċƣĲƚШƚƓĲĦŔĲƚШőċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃЯШƖĲůŸƣĲШƚĲŰƚŔŰŊШĬċƣċШċŰĬШ]ĲŸŊƖċƓőŔĦШfŰŉŸƖůċƣŔŸŰШ
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ÉǃƚƣĲůƚШы]fÉьЮШ7ǃШŔŰƣĲŊƖċƣŔŰŊШƣőĲƚĲШůĲƣőŸĬƚЯШƣőŔƚШċƚƚĲƚƚůĲŰƣШĲŰƚƨƖĲƚШƣőċƣШĤŸƣőШĲĦŸũŸŊŔĦċũШ

ċŰĬШƚŸĦŔŸрĲĦŸŰŸůŔĦШĬŔůĲŰƚŔŸŰƚШċƖĲШĦŸŰƚŔĬĲƖĲĬЮШÑőĲШǯŰĬŔŰŊƚШŸǭĲƖШƻċũƨċĤũĲШŔŰƚŔŊőƣƚШŔŰƣŸШƣőĲШ

ĦƨƖƖĲŰƣШ ƚƣċƣĲШ ŸŉШ ũċŰĬƚĦċƓĲШ ƓĲƖůĲċĤŔũŔƣǃШ ŔŰШ ƣőĲШ ƖĲŊŔŸŰЯШ őŔŊőũŔŊőƣŔŰŊШ ƣőĲШ ŔŰƣĲƖƚĲĦƣŔŸŰШ ŸŉШ

ĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰƚĲƖƻċƣŔŸŰШƽŔƣőШőƨůċŰШĬĲƻĲũŸƓůĲŰƣЮШ[ƨƖƣőĲƖůŸƖĲЯШƣőĲШƖĲƓŸƖƣШƓƖĲƚĲŰƣƚШ

ƖĲĦŸůůĲŰĬċƣŔŸŰƚШƣŸШĲŰƚƨƖĲШƣőċƣШŉƨƣƨƖĲШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƓƖŸŢĲĦƣƚЯШƓċƖƣŔĦƨũċƖũǃШƣőŸƚĲШũŔŰťĲĬШƣŸШƣőĲШ

ÉÅÉEfÂЯШ ĬŸШ ŰŸƣШ ĦŸůƓƖŸůŔƚĲШ ƣőĲШ ĲĦŸũŸŊŔĦċũШ ĦŸŰŰĲĦƣŔƻŔƣǃШ ƣőċƣШ ŔƚШĦƖƨĦŔċũШ ŉŸƖШ ůċŔŰƣċŔŰŔŰŊШ

ĤŔŸĬŔƻĲƖƚŔƣǃШċŰĬШƚƨƓƓŸƖƣŔŰŊШƖĲƚŔũŔĲŰƣШũŸĦċũШĦŸůůƨŰŔƣŔĲƚЮШÑőĲШƖĲĦŸůůĲŰĬċƣŔŸŰƚШĲůƓőċƚŔǍĲШƣőĲШ

ŰĲĲĬШŉŸƖШƚƣƖċƣĲŊŔĦШƓũċŰŰŔŰŊЯШĲĦŸũŸŊŔĦċũШĦŸƖƖŔĬŸƖƚЯШċŰĬШůŔƣŔŊċƣŔŸŰШůĲċƚƨƖĲƚШƣőċƣШŉċĦŔũŔƣċƣĲШ

ĦŸĲǂŔƚƣĲŰĦĲШ ĤĲƣƽĲĲŰШ ĬĲƻĲũŸƓůĲŰƣШ ŔŰŔƣŔċƣŔƻĲƚШ ċŰĬШ ĲŰƻŔƖŸŰůĲŰƣċũШ ƚƨƚƣċŔŰċĤŔũŔƣǃЮШ ƚШ

~ŸǍċůĤŔƕƨĲШĦŸŰƣŔŰƨĲƚШƣŸШŔŰƻĲƚƣШŔŰШŔƣƚШƖŸċĬШŰĲƣƽŸƖťШƣŸШĬƖŔƻĲШƚŸĦŔŸĲĦŸŰŸůŔĦШŔŰƣĲŊƖċƣŔŸŰЯШ

ĲŰƚƨƖŔŰŊШƣőċƣШƣőĲƚĲШƓƖŸŢĲĦƣƚШƓƖŸůŸƣĲШĲĦŸũŸŊŔĦċũШƖĲƚŔũŔĲŰĦĲШƽŔũũШĤĲШƻŔƣċũШŔŰШċĦőŔĲƻŔŰŊШũŸŰŊрƣĲƖůШ

ƚƨƚƣċŔŰċĤŔũŔƣǃЮ 

 

~ċƣĲƖŔċũШċŰĬШůĲƣőŸĬƚ 

§ƻĲƖƻŔĲƽШŸŉШƣőĲШƚƣƨĬǃШċƖĲċ 

ÑŸШċĦĦŸƨŰƣШŉŸƖШċƓƓƖŸƓƖŔċƣĲШƖĲƚƨũƣƚЯШċШĤŸƨŰĬŔŰŊШĤŸǂШы[ŔŊƨƖĲШΝьШƚƣƖĲƣĦőŔŰŊШƣŸШƣőĲШũŔůŔƣƚШŸŉШƣőĲШƖŸċĬШ

ыċũũШƣőƖĲĲШƚĲŊůĲŰƣƚШŉƖŸůШfŰĦőŸƓĲШƣŸШ9ċŔċьЯШƽċƚШĦƖĲċƣĲĬШƨƚŔŰŊШƣőĲШĤŸƨŰĬŔŰŊШĤŸǂШƓũƨŊŔŰШŔŰШÄ]fÉШ

ƻЮШΟЮΟΜЮΞЮШÑőŔƚШĲŰċĤũĲĬШċШĤƖŸċĬĲƖШƻŔĲƽШŸŉШƣőĲШũċŰĬƚĦċƓĲШċŰĬШĦċŰШůŸƖĲШċĦĦƨƖċƣĲũǃШŔŰĦŸƖƓŸƖċƣĲШ

ƣőĲШůŸƻĲůĲŰƣШŸŉШƣőĲШƚƓĲĦŔĲƚШċŰĬШƣőĲШċƚƚŸĦŔċƣĲĬШĦŸŰƚƣƖċŔŰƚШƽŔƣőŔŰШƣőĲШũċŰĬƚĦċƓĲЮШÑőĲШƚƣƨĬǃШ

ċƖĲċШŔƚШũŸĦċƣĲĬШƽŔƣőŔŰШƣőĲШ]ƖĲċƣĲƖШ]ŸƖŸŰŊŸƚċШĲĦŸƚǃƚƣĲůЯШŸŰĲШŸŉШ ŉƖŔĦċѣƚШůŸƚƣШĬŔƻĲƖƚĲШċŰĬШ

ĲĦŸũŸŊŔĦċũũǃШƚŔŊŰŔǯĦċŰƣШĲŰƻŔƖŸŰůĲŰƣƚШыEЮ§ЮШìŔũƚŸŰЯШƓĲƖƚŸŰШĦŸůůƨŰŔĦċƣŔŸŰьЮШÑőĲШƓċƖťШƚƓċŰƚШ

ŸƻĲƖШ ΠЯΜΜΜШ uůΞШċŰĬШ ĲŰĦŸůƓċƚƚĲƚШ ċШ ƖŔĦőШ ůŸƚċŔĦШ ŸŉШ ũċŰĬƚĦċƓĲƚЯШ ŔŰĦũƨĬŔŰŊШ ƚċƻċŰŰċőƚЯШ

ƽŸŸĬũċŰĬƚЯШŊƖċƚƚũċŰĬƚЯШƽĲƣũċŰĬƚЯШċŰĬШƖċŔŰŉŸƖĲƚƣƚЮШ 

 

ìŔƣőŔŰШƣőĲШĲĦŸƚǃƚƣĲůЯШ~ŸƨŰƣШ]ŸƖŸŰŊŸƚċШƚƣċŰĬƚШƣċũũЯШƖŔƚŔŰŊШƣŸШŰĲċƖũǃШΝЮΦΜΜШůĲƣĲƖƚШċŰĬШ

ĲŰĦŸůƓċƚƚŔŰŊШƚĲƻĲƖċũШƖċƖĲШċŰĬШĲŰĬĲůŔĦШƚƓĲĦŔĲƚЮШÑőŔƚШĲĦŸƚǃƚƣĲůШŔƚШőŸůĲШƣŸШċШƽŔĬĲШċƖƖċǃШŸŉШ

ƽŔũĬũŔŉĲЯШŔŰĦũƨĬŔŰŊШĲũĲƓőċŰƣƚЯШũŔŸŰƚЯШĤƨǭċũŸĲƚЯШőŔƓƓŸƚЯШċŰƣĲũŸƓĲƚЯШċŰĬШċШƻċƖŔĲƣǃШŸŉШĤŔƖĬШƚƓĲĦŔĲƚЯШ

ůċťŔŰŊШŔƣШċШĦƖŔƣŔĦċũШĦŸŰƚĲƖƻċƣŔŸŰШċƖĲċЮШÑőĲШƓċƖťќƚШƖŔƻĲƖƚЯШƓċƖƣŔĦƨũċƖũǃШƣőĲШÂƨŰŊƨĳШċŰĬШéƨŰĬƨǍŔШ

ċŰĬШŔƣƚШƣƖŔĤƨƣċƖŔĲƚЯШĦƖĲċƣĲШŉĲƖƣŔũĲШǰŸŸĬƓũċŔŰƚШƣőċƣШƚƨƓƓŸƖƣШċĤƨŰĬċŰƣШũŔŉĲЯШƽőŔũĲШƣőĲШƚĲċƚŸŰċũШƖċŔŰШ

ƓċƣƣĲƖŰƚШƚƨƚƣċŔŰШƽĲƣũċŰĬƚШċŰĬШũċťĲƚШƣőċƣШċƖĲШƻŔƣċũШŉŸƖШůŔŊƖċƣŸƖǃШĤŔƖĬƚШċŰĬШċƕƨċƣŔĦШũŔŉĲШыÉƣċũůċŰƚШ

ĲƣШċũЮЯШΞΜΜΥьЮ 
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ÉƓĲĦŔĲƚШċŰĬШŸĦĦƨƖƖĲŰĦĲШƖĲĦŸƖĬƚ 

ÑƽĲŰƣǃрŸŰĲШƚƓĲĦŔĲƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬШŔŰШƣőŔƚШƚƣƨĬǃЯШċŔůŔŰŊШƣŸШƓƖŸƻŔĬĲШċШĤċũċŰĦĲШĤĲƣƽĲĲŰШũċƖŊĲШ

ċŰĬШůĲĬŔƨůШƚƓĲĦŔĲƚШŸŉШůċůůċũƚШċŰĬШĬŔǭĲƖĲŰƣШĬŔƚƓĲƖƚċũШĦċƓċĦŔƣŔĲƚШыÑċĤũĲШΝьЯШƽŔƣőШŸĦĦƨƖƖĲŰĦĲШ

ƖĲĦŸƖĬƚШƖĲƣƖŔĲƻĲĬШŉƖŸůШƣőĲШ]ũŸĤċũШ7ŔŸĬŔƻĲƖƚŔƣǃШfŰŉŸƖůċƣŔŸŰШ[ċĦŔũŔƣǃШы]7f[ьЯШƽőŔĦőШƓƖŸƻŔĬĲƚШ

ĤƖŸċĬрƚĦċũĲЯШƓƨĤũŔĦũǃШċƻċŔũċĤũĲШĤŔŸĬŔƻĲƖƚŔƣǃШĬċƣċШƖĲƓŸƚŔƣŸƖǃШċŰĬШǯĲũĬШƖĲĦŸƖĬƚШŉƖŸůШ]ŸƖŸŰŊŸƚċШ

 ċƣŔŸŰċũШÂċƖťЯШƽőŔĦőШŸǭĲƖШőŔŊőрƖĲƚŸũƨƣŔŸŰЯШũŸĦċũũǃШƻċũŔĬċƣĲĬШŸĤƚĲƖƻċƣŔŸŰƚЮШ9ŸůĤŔŰŔŰŊШƣőĲƚĲШ

ĬċƣċƚĲƣƚШĲŰőċŰĦĲƚШĤŸƣőШƣőĲШƚƓċƣŔċũШĦŸƻĲƖċŊĲШċŰĬШĲĦŸũŸŊŔĦċũШċĦĦƨƖċĦǃШŸŉШƣőĲШůŸĬĲũũŔŰŊШ

ŉƖċůĲƽŸƖťЮШÑőĲƚĲШƚƓĲĦŔĲƚШƽĲƖĲШƚĲũĲĦƣĲĬШĤċƚĲĬШŸŰШƣőĲШƖĲƓŸƖƣĲĬШƓƖĲƚĲŰĦĲШŸŉШƣőĲШƚƓĲĦŔĲƚШƽŔƣőŔŰШ

ƣőĲШċƖĲċШċŰĬШĦƖŸƚƚŔŰŊШƣőĲШƖŸċĬЯШĤƨƣШċũƚŸШĤĲĦċƨƚĲШƚŸůĲШƚƓĲĦŔĲƚШůŔŊƖċƣĲШƣőƖŸƨŊőШƣőĲШƖĲŊŔŸŰШĤƨƣШ

őċƻĲШũŔůŔƣĲĬШƚƓĲĲĬШыƓċŰŊŸũŔŰƚьЮШ ůŸŰŊШƣőĲШƚƓĲĦŔĲƚЯШƣőĲШ ŉƖŔĦċŰШƚċƻċŰŰċőШĲũĲƓőċŰƣШƽċƚШƣőĲШ

ƚƓĲĦŔĲƚШƽŔƣőШƣőĲШũċƖŊĲƚƣШĬŔƚƓĲƖƚċũШĦċƓċĦŔƣǃШыŰĲċƖũǃШΝΜΜШťůьЯШƽőŔũĲШƣőĲШŊƖŸƨŰĬШƓċŰŊŸũŔŰШƽċƚШƣőĲШ

ƚƓĲĦŔĲƚШƽŔƣőШƣőĲШũŸƽĲƚƣШĬŔƚƓĲƖƚċũШĦċƓċĦŔƣǃШыƽŔƣőШΝΜШťůьЮ 

 
EƻĲŰШƣőŸƨŊőШŸŰũǃШůċůůċũƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬЯШƣőĲШƖĲƚƨũƣƚШċƖĲШƚƣŔũũШƨƚĲŉƨũШƨŰĬĲƖШƣőĲШĦŸŰĦĲƓƣШŸŉШ

ƨůĤƖĲũũċШƚƓĲĦŔĲƚШċŰĬШƣőĲШĦőċƖċĦƣĲƖŔƚƣŔĦƚШŸŉШƣőĲШũċŰĬƚĦċƓĲШƽŔƣőŔŰШƣőĲШƚƣƨĬǃШċƖĲċЮШ ŉƣĲƖШƖƨŰŰŔŰŊШ

ƣőĲШċŰċũǃƚŔƚШƚŔǂШƚƓĲĦŔĲƚШƽĲƖĲШƖĲůŸƻĲĬШŉƖŸůШŉƨƖƣőĲƖШċŰċũǃƚŔƚШĬƨĲШƣŸШƣőĲШũŸƽĲƖШƚƨŔƣċĤŔũŔƣǃШ

ƓƖĲƚĲŰƣĲĬШƽŔƣőŔŰШƣőĲШŉŸĦċũШƚƣƨĬǃШċƖĲċаШдЮůĲũċůƓƨƚЯШ9дЮŰċƣċũĲŰƚŔƚЯШ9ŸŰŸĦőċĲƣƨƚЮƣċƨƖŔŰŸƚЯШ

EƕƨƨƚЮƕƨċŊŊċЯШÑċƨƖŸƣƖċŊƨƚЮŸƖŔǂШċŰĬШÑƖċŊĲũċƓőƨƚЮƚƣƖĲƓƚŔĦĲƖŸƚЮ 

 

ÑċĤũĲШEƖƖŸƖгШ ŸШƣĲǂƣШŸŉШƚƓĲĦŔǯĲĬШƚƣǃũĲШŔŰШĬŸĦƨůĲŰƣЮрΝаШxŔƚƣШŸŉШůċůůċũƚШŔŰĦũƨĬĲĬШŔŰШőċĤŔƣċƣШ

ƚƨŔƣċĤŔũŔƣǃШċƚƚĲƚƚůĲŰƣ 

Ű 9ŸůůŸŰШŰċůĲ ÉĦŔĲŰƣŔǯĦШŰċůĲ 

Ν cċƖƣĲĤĲĲƚƣ ũĦĲƓőċũƨƚЮĤƨƚĲũċƓőƨƚ 

Ξ fůƓċũċ ĲƓǃĦĲƖŸƚЮůĲũċůƓƨƚ 

Ο ÉƓŸƣƣĲĬШőǃĲŰċ 9ƖŸĦƨƣċЮĦƖŸĦƨƣċ 

Π ÅĲĬШŉŸƖĲƚƣШĬƨŔťĲƖ 9ĲƓőċũŸƓőƨƚЮŰċƣċũĲŰƚŔƚ 

Ρ 7ũƨĲШƽŔũĬĲĤĲĲƚƣ 9ŸŰŰŸĦőċĲƣĲƚЮƣċƨƖŔŰƨƚ 

Σ ÂũċŔŰƚШǍĲĤƖċ EƕƨƨƚЮƕƨċŊŊċ 

Τ ÉċĤũĲШċŰƣĲũŸƓĲ cŔƓƓŸƣƖċŊƨƚЮŰŔŊĲƖ 

Υ ìċƣĲƖĤƨĦť uŸĤƨƚЮĲũũŔƓƚŔƓƖǃůŰƨƚ 

Φ ŉƖŔĦċŰШƚċƻċŰŰċőШĲũĲƓőċŰƣ xŸǂŸĬŸŰƣċЮċŉƖŔĦċŰċ 
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ΝΜ ŉƖŔĦċŰШƽŔũĬШĬŸŊ xǃĦċŸŰЮƓŔĦƣƨƚ 

ΝΝ ]ƖŸƨŰĬШƓċŰŊŸũŔŰ ÉůƨƣƚŔċЮƣĲůůŔŰĦťŔŔ 

ΝΞ §ƖŔĤŔ §ƨƖĲĤŔċЮŸƨƖĲĤŔ 

ΝΟ 9ŸůůŸŰШƽċƖƣőŸŊ ÂőċĦŸĦőŸĲƖƨƚЮċŉƖŔĦċŰƨƚ 

ΝΠ ÉŸƨƣőĲƖŰШƖĲĲĬĤƨĦť ÅĲĬƨŰĦċЮċƖƨŰĬŔŰƨů 

ΝΡ òĲũũŸƽШĤċĤŸŸŰ ÂċƓŔŸЮĦǃŰŸĦĲƓőċũƨƚ 

ΝΣ xŔŸŰ ÂċŰƣőĲƖċЮũĲŸ 

ΝΤ ŉƖŔĦċŰШĤƨǭċũŸ ÉǃŰĦĲƖƨƚЮĦċǭĲƖ 

ΝΥ 9ŸůůŸŰШĬƨŔťĲƖ ÉǃũƻŔĦċƓƖċЮŊƖŔůůŔċ 

ΝΦ  ǃċũċ ÑƖċŊĲũċƓőƨƚЮċŰŊċƚŔŔ 

ΞΜ 9ŸůůŸŰШĲũċŰĬ ÑċƨƖŸƣƖċŊƨƚЮŸƖǃǂ 

ΞΝ ]ƖĲċƣĲƖШťƨĬƨ ÑƖċŊĲũċƓőƨƚЮƚƣƖĲƓƚŔĦĲƖŸƚ 

ÉŸƨƖĦĲаШ7ŔŸĬŔƻĲƖƚŔƣǃШƚƓĲĦŔċũŔƚƣШĲũċĤŸƖċƣŔŸŰШƣċƖŊĲƣŔŰŊШƚƓĲĦŔĲƚШŰŸƣĲĬШƣŸШőċƻĲШĦƖŸƚƚĲĬШƣőĲШ ΝШċƚШ

ƓĲƖШŔŰŉŸƖůċƣŔŸŰШŉƖŸůШ] ÂШċƨƣőŸƖŔƣŔĲƚЮ 

 

ÉƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰШůŸĬĲũƚШыÉ?~ƚьШƓƖŸƻŔĬĲШċШƖŸĤƨƚƣШŉƖċůĲƽŸƖťШƣŸШċƚƚĲƚƚШƓŸƣĲŰƣŔċũШƽŔũĬũŔŉĲт

ƖŸċĬШ ŔŰƣĲƖċĦƣŔŸŰƚШ ĤĲĦċƨƚĲШ ƣőĲǃШ ƓƖĲĬŔĦƣШ ƣőĲШ ƓƖŸĤċĤŔũŔƣǃШ ŸŉШ ƚƓĲĦŔĲƚШ ŸĦĦƨƖƖĲŰĦĲШ ċĦƖŸƚƚШ ċШ

ũċŰĬƚĦċƓĲШ ĤǃШ ũŔŰťŔŰŊШ ťŰŸƽŰШ ŸĦĦƨƖƖĲŰĦĲШ ƖĲĦŸƖĬƚШ ƽŔƣőШ ĲŰƻŔƖŸŰůĲŰƣċũШ ƓƖĲĬŔĦƣŸƖƚШ ыEũŔƣőШ ѼШ

xĲċƣőƽŔĦťЯШΞΜΜΦьЮШÑőĲШĦĲŰƣƖċũШƣőĲŸƖĲƣŔĦċũШƓƖĲůŔƚĲШŔƚШƣőċƣШƣőĲШũŔťĲũŔőŸŸĬШŸŉШĲŰĦŸƨŰƣĲƖŔŰŊШċШ

ƚƓĲĦŔĲƚШŔŰШĲċĦőШũŸĦċƣŔŸŰШŔƚШƚƣƖƨĦƣƨƖĲĬШĤǃШĲĦŸũŸŊŔĦċũШŊƖċĬŔĲŰƣƚШċŰĬШőċĤŔƣċƣШċƻċŔũċĤŔũŔƣǃЯШƖċƣőĲƖШ

ƣőċŰШĤĲŔŰŊШƖċŰĬŸůũǃШĬŔƚƣƖŔĤƨƣĲĬЮШÑőŔƚШůċťĲƚШÉ?~ƚШƓċƖƣŔĦƨũċƖũǃШƽĲũũШƚƨŔƣĲĬШŉŸƖШƖŸċĬШĲĦŸũŸŊǃЯШ

ƽőĲƖĲШĦŸũũŔƚŔŸŰШƖŔƚťШŔƚШċШŉƨŰĦƣŔŸŰШŸŉШĤŸƣőШƣƖċǭŔĦШŔŰƣĲŰƚŔƣǃШċŰĬШƣőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШċŰŔůċũƚШĤĲŔŰŊШ

ƓƖĲƚĲŰƣШŔŰШŸƖШŰĲċƖШƣőĲШƖŸċĬШĦŸƖƖŔĬŸƖШы9ũĲƻĲŰŊĲƖШѼШ ŔĲũƚĲŰЯШΞΜΝΞбШƻċŰШĬĲƖШÅĲĲШĲƣШċũЮЯШΞΜΝΡьЮ 

 

fŰШ~ŸǍċůĤŔƕƨĲЯШƽŔũĬũŔŉĲШůŸŰŔƣŸƖŔŰŊШƖĲũŔĲƚШőĲċƻŔũǃШŸŰШċĲƖŔċũШƚƨƖƻĲǃƚЯШƽőŔĦőШŉċĦĲШŔůƓŸƖƣċŰƣШ

ũŔůŔƣċƣŔŸŰƚаШƣőĲǃШċƖĲШĦŸƚƣũǃЯШũŸŊŔƚƣŔĦċũũǃШĬĲůċŰĬŔŰŊЯШċŰĬШƣǃƓŔĦċũũǃШƖĲƚƣƖŔĦƣĲĬШƣŸШƓƖŸƣĲĦƣĲĬШċƖĲċƚШ

ƚƨĦőШċƚШ]ŸƖŸŰŊŸƚċШ ċƣŔŸŰċũШÂċƖťЮШÑőŔƚШůĲċŰƚШƣőċƣШũċƖŊĲШċƖĲċƚШŸŉШċĬŢċĦĲŰƣШũċŰĬƚĦċƓĲƚЯШ

ŔŰĦũƨĬŔŰŊШƣőĲШ]ŸƖŸŰŊŸƚċт9ċŔċШ ΝШĦŸƖƖŔĬŸƖЯШũċĦťШƚǃƚƣĲůċƣŔĦШƚƨƖƻĲǃШĬċƣċЮШ~ŸƖĲŸƻĲƖЯШċĲƖŔċũШ

ƚƨƖƻĲǃƚШċƖĲШƓƖŸŰĲШƣŸШĬĲƣĲĦƣŔŸŰШĤŔċƚĲƚЯШĲƚƓĲĦŔċũũǃШƨŰĬĲƖШĬĲŰƚĲШĦċŰŸƓǃШŸƖШŉŸƖШƚƓĲĦŔĲƚШŸĦĦƨƖƖŔŰŊШ

ċƣШũŸƽШĬĲŰƚŔƣŔĲƚШы ŸƖƣŸŰр]ƖŔǭŔƣőƚШѼШ~Ħ9ŸŰƻŔũũĲЯШΞΜΜΤьЮ 
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ÖŰĬĲƖШƣőĲƚĲШƓƖĲůŔƚĲƚЯШÉ?~ƚШŸǭĲƖШċШĬĲŉĲŰƚŔĤũĲШƽċǃШƣŸШĲǂƣĲŰĬШƣőĲШĲĦŸũŸŊŔĦċũШŔŰŉŸƖůċƣŔŸŰШ

ĲůĤĲĬĬĲĬШŔŰШċĲƖŔċũШƚƨƖƻĲǃШĬċƣċШĤĲǃŸŰĬШƓċƖťШĤŸƨŰĬċƖŔĲƚЯШƽőŔũĲШċũƚŸШƓƖŸƻŔĬŔŰŊШċШŉƖċůĲƽŸƖťШƣŸШ

ĦŸƖƖĲĦƣШŉŸƖШƚċůƓũŔŰŊШĤŔċƚЮШÂƖĲƚĲŰĦĲрŸŰũǃШůŸĬĲũũŔŰŊШċƓƓƖŸċĦőĲƚЯШƚƨĦőШċƚШ~ċǂEŰƣЯШĲǂƓũŔĦŔƣũǃШ

ċũũŸƽШƣőĲШƨƚĲШŸŉШĤŔċƚШǯũĲƚШŸƖШƣċƖŊĲƣрŊƖŸƨƓШĤċĦťŊƖŸƨŰĬШƚċůƓũŔŰŊШƣŸШĲŰƚƨƖĲШƣőċƣШĤċĦťŊƖŸƨŰĬШ

ƓŸŔŰƣƚШċƖĲШĬƖċƽŰШŉƖŸůШċƖĲċƚШƽŔƣőШĲƕƨŔƻċũĲŰƣШƚƨƖƻĲǃШĲǭŸƖƣШыÂőŔũũŔƓƚШĲƣШċũЮЯШΞΜΜΦьЮШfŰШƓƖċĦƣŔĦĲЯШƣőŔƚШ

ůĲċŰƚШƣőċƣШċũƣőŸƨŊőШƣőĲШŸĦĦƨƖƖĲŰĦĲШƖĲĦŸƖĬƚШŸƖŔŊŔŰċƣĲШŔŰƚŔĬĲШ]ŸƖŸŰŊŸƚċШ ÂЯШƣőĲШĲĦŸũŸŊŔĦċũШ

ƖĲũċƣŔŸŰƚőŔƓƚШƣőĲǃШĦċƓƣƨƖĲШыĲЮŊЮЯШĲũĲƓőċŰƣƚШŉċƻŸƨƖŔŰŊШƽŸŸĬĲĬШƚċƻċŰŰċƚШŰĲċƖШƽċƣĲƖЯШőĲƖĤŔƻŸƖĲƚШ

ƓƖĲŉĲƖƖŔŰŊШǰŸŸĬƓũċŔŰƚШċŰĬШŸƓĲŰШŊƖċƚƚũċŰĬƚьШĦċŰШĤĲШƣƖċŰƚŉĲƖƖĲĬШċĦƖŸƚƚШƣőĲШĤƖŸċĬĲƖШũċŰĬƚĦċƓĲШ

ƽőĲŰШ ĤċĦťŊƖŸƨŰĬШ ƚċůƓũŔŰŊШ ċŰĬШ ůŸĬĲũШƻċũŔĬċƣŔŸŰШ ƓƖŸĦĲĬƨƖĲƚШ ĦŸƖƖĲĦƣШ ŉŸƖШ ƣőĲШ ƨŰĲƻĲŰШ

ĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШĲǭŸƖƣШы[ŸƨƖĦċĬĲШĲƣШċũЮЯШΞΜΝΠьЮ 

 

7ǃШċĦĦŸƨŰƣŔŰŊШŉŸƖШƚċůƓũŔŰŊШĤŔċƚШŔŰШƣőŔƚШƽċǃЯШƣőĲШÉ?~ƚШĬŸШŰŸƣШƚŔůƓũǃШƖĲƓũŔĦċƣĲШƣőĲШƚƨƖƻĲǃШ

ŉŸŸƣƓƖŔŰƣШ ŸŉШ ]ŸƖŸŰŊŸƚċШ ĤƨƣШ ŊĲŰĲƖċũŔƚĲШ őċĤŔƣċƣтŸĦĦƨƖƖĲŰĦĲШ ƖĲũċƣŔŸŰƚőŔƓƚШ ċĦƖŸƚƚШ ƚŔůŔũċƖШ

ĲŰƻŔƖŸŰůĲŰƣƚШŔŰШƣőĲШƖĲŊŔŸŰЮШÑőŔƚШŔƚШƓċƖƣŔĦƨũċƖũǃШƻċũƨċĤũĲШƽőĲƖĲШĬŔƖĲĦƣШůŸŰŔƣŸƖŔŰŊШŔƚШũċĦťŔŰŊЯШċƚШ

ŔƚШƣőĲШĦċƚĲШŉŸƖШƣőĲШ ΝШĦŸƖƖŔĬŸƖЮШ9ŸůĤŔŰŔŰŊШƣőĲƚĲШĦŸƖƖĲĦƣĲĬШÉ?~ШŸƨƣƓƨƣƚШƽŔƣőШƣƖċǭŔĦШƻŸũƨůĲШċŰĬШ

ƚƓĲĲĬШĬċƣċШċũũŸƽƚШƣőĲШŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШőŔŊőрƖŔƚťШĦŸũũŔƚŔŸŰШљőŸƣƚƓŸƣƚњШƽŔƣőШŊƖĲċƣĲƖШĦŸŰǯĬĲŰĦĲЯШ

ƣőĲƖĲĤǃШƚƨƓƓŸƖƣŔŰŊШĲƻŔĬĲŰĦĲрĤċƚĲĬШůŔƣŔŊċƣŔŸŰШůĲċƚƨƖĲƚШƚƨĦőШċƚШƽŔũĬũŔŉĲШĦƖŸƚƚŔŰŊƚЯШƣċƖŊĲƣĲĬШ

ƚŔŊŰċŊĲЯШŸƖШƚƓĲĲĬШƖĲĬƨĦƣŔŸŰШǍŸŰĲƚЮ 

 

ìőŔũĲШƖċƽШċĲƖŔċũШƚƨƖƻĲǃШĬċƣċШċƖĲШƚƓċƣŔċũũǃШũŔůŔƣĲĬЯШƣőĲШŔŰƣĲŊƖċƣŔŸŰШŸŉШĤŔċƚрĦŸƖƖĲĦƣŔŸŰШůĲƣőŸĬƚШ

ƽŔƣőŔŰШċŰШÉ?~ШŉƖċůĲƽŸƖťШĲŰċĤũĲƚШƣőĲŔƖШĲĦŸũŸŊŔĦċũШƚŔŊŰċũШƣŸШĤĲШůĲċŰŔŰŊŉƨũũǃШĲǂƣĲŰĬĲĬШƣŸШċƖĲċƚШ

ŸŉШĦŸŰƚĲƖƻċƣŔŸŰШĦŸŰĦĲƖŰШŸƨƣƚŔĬĲШ]ŸƖŸŰŊŸƚċЮШÑőŔƚШƚƣƖĲŰŊƣőĲŰƚШƣőĲШƓƖĲĬŔĦƣŔƻĲШƓŸƽĲƖШŸŉШƣőĲШEf Ш

ċŰĬШċũŔŊŰƚШƽŔƣőШŔŰƣĲƖŰċƣŔŸŰċũШĤĲƚƣШƓƖċĦƣŔĦĲЯШƽőĲƖĲШÉ?~ƚШċƖĲШƖŸƨƣŔŰĲũǃШċƓƓũŔĲĬШŔŰШĬċƣċрƓŸŸƖШ

ĦŸŰƣĲǂƣƚШ ƣŸШ ċŰƣŔĦŔƓċƣĲШ ċŰĬШ ůŔƣŔŊċƣĲШ ĤŔŸĬŔƻĲƖƚŔƣǃШ ŔůƓċĦƣƚШ ы[ƖċŰťũŔŰЯШ ΞΜΝΜбШ ]ƨŔƚċŰШ ѼШ

üŔůůĲƖůċŰŰЯШΞΜΜΜьЮ 

 

EŰƻŔƖŸŰůĲŰƣċũШƻċƖŔċĤũĲƚ 

ÉƓĲĦŔĲƚШ ĬŔƚƣƖŔĤƨƣŔŸŰШ ůŸĬĲũũŔŰŊШ ыÉ?~ьШ ŔŰƣĲŊƖċƣĲƚШ ƚƓĲĦŔĲƚШ ŸĦĦƨƖƖĲŰĦĲШ ƖĲĦŸƖĬƚШ ƽŔƣőШ

ĲŰƻŔƖŸŰůĲŰƣċũШċŰĬШĲĦŸũŸŊŔĦċũШƓƖĲĬŔĦƣŸƖƚШƣŸШĲƚƣŔůċƣĲШƣőĲШƓŸƣĲŰƣŔċũШŊĲŸŊƖċƓőŔĦШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШ

ŸƖŊċŰŔƚůƚШƨŰĬĲƖШĦƨƖƖĲŰƣШŸƖШŉƨƣƨƖĲШĦŸŰĬŔƣŔŸŰƚЮШÑőŔƚШċƓƓƖŸċĦőШŔƚШŊƖŸƨŰĬĲĬШŔŰШĲĦŸũŸŊŔĦċũШŰŔĦőĲШ
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ƣőĲŸƖǃЯШƽőŔĦőШƓŸƚŔƣƚШƣőċƣШƚƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰƚШċƖĲШƚőċƓĲĬШĤǃШĦũŔůċƣŔĦШċŰĬШĲŰƻŔƖŸŰůĲŰƣċũШ

ĦŸŰƚƣƖċŔŰƣƚЮ 

 

[ŸƖШƣőŔƚШƚƣƨĬǃЯШΝΦШĤŔŸĦũŔůċƣŔĦШƻċƖŔċĤũĲƚШы[ŔŊƨƖĲШΞьШƖĲƓƖĲƚĲŰƣŔŰŊШŰĲċƖрƓƖĲƚĲŰƣШĦũŔůċƣĲШĦŸŰĬŔƣŔŸŰƚШ

ƽĲƖĲШƖĲƣƖŔĲƻĲĬШŉƖŸůШƣőĲШìŸƖũĬ9ũŔůШĬċƣċĤċƚĲШыƽƽƽЮƽŸƖũĬĦũŔůЮĦŸůьЯШĲŔƣőĲƖШŉŸƖШŰĲċƖрĦƨƖƖĲŰƣШ

ыőŔƚƣŸƖŔĦċũьШ ċŰĬШ ŰĲċƖрŉƨƣƨƖĲШ ƚĦĲŰċƖŔŸƚШ ыΞΜΟΡьЮШ ÑőĲƚĲШ ƻċƖŔċĤũĲƚШ ċƖĲШ ĬĲƖŔƻĲĬШ ŉƖŸůШ ůŸŰƣőũǃШ

ƣĲůƓĲƖċƣƨƖĲШċŰĬШƓƖĲĦŔƓŔƣċƣŔŸŰШĬċƣċШċŰĬШċƖĲШĬĲƚŔŊŰĲĬШƣŸШĦċƓƣƨƖĲШĤŔŸũŸŊŔĦċũũǃШůĲċŰŔŰŊŉƨũШ

ċƚƓĲĦƣƚШŸŉШĦũŔůċƣĲЯШŔŰĦũƨĬŔŰŊа 

 

¶ ŰŰƨċũШƣƖĲŰĬƚШыĲЮŊЮЯШůĲċŰШċŰŰƨċũШƣĲůƓĲƖċƣƨƖĲЯШċŰŰƨċũШƓƖĲĦŔƓŔƣċƣŔŸŰьЮ 

¶ ÉĲċƚŸŰċũŔƣǃШыĲЮŊЮЯШƣĲůƓĲƖċƣƨƖĲШċŰŰƨċũШƖċŰŊĲЯШƓƖĲĦŔƓŔƣċƣŔŸŰШƚĲċƚŸŰċũŔƣǃьЮ 

¶ EǂƣƖĲůĲШ ŸƖШ ũŔůŔƣŔŰŊШ ŉċĦƣŸƖƚШ ыĲЮŊЮЯШ ůŔŰŔůƨůШ ƣĲůƓĲƖċƣƨƖĲШ ŸŉШ ƣőĲШ ĦŸũĬĲƚƣШ ůŸŰƣőЯШ

ƓƖĲĦŔƓŔƣċƣŔŸŰШŸŉШƣőĲШĬƖŔĲƚƣШƕƨċƖƣĲƖьЮ 

 

ÑŸŊĲƣőĲƖЯШƣőĲƚĲШƻċƖŔċĤũĲƚШƓƖŸƻŔĬĲШċШĦŸůƓƖĲőĲŰƚŔƻĲШĦũŔůċƣŔĦШƓƖŸǯũĲШƣőċƣШŔƚШƽŔĬĲũǃШƨƚĲĬШŔŰШ

ĲĦŸũŸŊŔĦċũШůŸĬĲũũŔŰŊШċŰĬШĦŸŰƚĲƖƻċƣŔŸŰШƓũċŰŰŔŰŊЮШÂƖŔŸƖШƣŸШůŸĬĲũũŔŰŊЯШŔƣШŔƚШĦƖŔƣŔĦċũШƣŸШċĬĬƖĲƚƚШ

ůƨũƣŔĦŸũũŔŰĲċƖŔƣǃШ ċůŸŰŊШ ƓƖĲĬŔĦƣŸƖШ ƻċƖŔċĤũĲƚЯШ ċƚШ ƚƣƖŸŰŊШ ĦŸƖƖĲũċƣŔŸŰƚШ ĦċŰШŔŰǰċƣĲШ ůŸĬĲũШ

ƓĲƖŉŸƖůċŰĦĲШůĲƣƖŔĦƚШċŰĬШũĲċĬШƣŸШĤŔċƚĲĬШĲƚƣŔůċƣĲƚШŸŉШƚƓĲĦŔĲƚтĲŰƻŔƖŸŰůĲŰƣШƖĲũċƣŔŸŰƚőŔƓƚЮШÑŸШ

ůŔƣŔŊċƣĲШ ƣőŔƚЯШ ċШ ÂƖŔŰĦŔƓċũШ 9ŸůƓŸŰĲŰƣƚШ ŰċũǃƚŔƚШ ыÂ9 ьШ ƽċƚШ ĦŸŰĬƨĦƣĲĬЮШ Â9 Ш ƖĲĬƨĦĲƚШ

ĬŔůĲŰƚŔŸŰċũŔƣǃШ ĤǃШ ƣƖċŰƚŉŸƖůŔŰŊШ ĦŸƖƖĲũċƣĲĬШ ƻċƖŔċĤũĲƚШ ŔŰƣŸШ ċШ ƚůċũũĲƖШ ƚĲƣШ ŸŉШ ƨŰĦŸƖƖĲũċƣĲĬШ

ĦŸůƓŸŰĲŰƣƚЯШƣőĲƖĲĤǃШůŔŰŔůŔǍŔŰŊШċƨƣŸĦŸƖƖĲũċƣŔŸŰШċŰĬШċƻŸŔĬŔŰŊШŸƻĲƖрШŸƖШƨŰĬĲƖрĲƚƣŔůċƣŔŸŰШŸŉШ

ƚƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰƚЮШÑőŔƚШƚƣĲƓШĲŰƚƨƖĲƚШƣőċƣШƣőĲШůŸĬĲũũŔŰŊШŉƖċůĲƽŸƖťШĦċƓƣƨƖĲƚШƣőĲШĬŸůŔŰċŰƣШ

ĦũŔůċƣŔĦШŊƖċĬŔĲŰƣƚШƽőŔũĲШƖĲĬƨĦŔŰŊШƖĲĬƨŰĬċŰĦǃШŔŰШƣőĲШƓƖĲĬŔĦƣŸƖШƚĲƣЮ 

 

7ǃШ ĦŸůĤŔŰŔŰŊШ ŸĦĦƨƖƖĲŰĦĲШ ĬċƣċШ ƽŔƣőШ ƣőĲƚĲШ ƓƖŸĦĲƚƚĲĬШ ĤŔŸĦũŔůċƣŔĦШ ƓƖĲĬŔĦƣŸƖƚЯШ É?~ƚШ ĦċŰШ

ŊĲŰĲƖċƣĲШ ƖŸĤƨƚƣШ ĲƚƣŔůċƣĲƚШ ŸŉШ ƚƓĲĦŔĲƚќШ ƓŸƣĲŰƣŔċũШ ĬŔƚƣƖŔĤƨƣŔŸŰƚЯШ ƽőŔĦőШ ċƖĲШ ĲƚƚĲŰƣŔċũШ ŉŸƖШ

ċƓƓũŔĦċƣŔŸŰƚШƚƨĦőШċƚШũċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃШċŰċũǃƚŔƚЯШőċĤŔƣċƣШĦŸŰŰĲĦƣŔƻŔƣǃШůŸĬĲũũŔŰŊЯШċŰĬШ

ĦŸŰƚĲƖƻċƣŔŸŰШƓƖŔŸƖŔƣŔǍċƣŔŸŰЮ 

http://www.worldclim.com/
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[ŔŊƨƖĲШΞаШxŔƚƣШŸŉШƻċƖŔċĤũĲƚШŔŰĦũƨĬĲĬШŉŸƖШƚƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰШůŸĬĲũũŔŰŊЮ 

 

 

cċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃШůŸĬĲũũŔŰŊ 

ÑőĲШƓŸƣĲŰƣŔċũШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШƣőĲШƚƓĲĦŔĲƚШƽċƚШƓƖĲĬŔĦƣĲĬШƨƚŔŰŊШƣőĲШůċǂŔůƨůШĲŰƣƖŸƓǃШċũŊŸƖŔƣőůШ

ŔŰШ~ċǂĲŰƣШƻΠЮΟЮΟЮШыÂőŔũũŔƓƚШĲƣШċũЮЯШΞΜΜΣьЮШ~ċǂĲŰƣШŔƚШċШůċĦőŔŰĲШũĲċƖŰŔŰŊШċũŊŸƖŔƣőůШƽŔĬĲũǃШƨƚĲĬШŉŸƖШ

ƚƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰШůŸĬĲũũŔŰŊЮШfƣШŸƓĲƖċƣĲƚШŸŰШƣőĲШƓƖŔŰĦŔƓũĲШŸŉШůċǂŔůƨůШĲŰƣƖŸƓǃЯШĲƚƣŔůċƣŔŰŊШ

ƣőĲШƓƖŸĤċĤŔũŔƣǃШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШċШƚƓĲĦŔĲƚѣШƓƖĲƚĲŰĦĲШċĦƖŸƚƚШċШũċŰĬƚĦċƓĲШĤċƚĲĬШŸŰШĲŰƻŔƖŸŰůĲŰƣċũШ

ƻċƖŔċĤũĲƚШƚƨĦőШ ċƚШĦũŔůċƣĲЯШĲũĲƻċƣŔŸŰЯШċŰĬШũċŰĬШĦŸƻĲƖЮШ~ċǂĲŰƣШƨƚĲƚШƓƖĲƚĲŰĦĲрŸŰũǃШĬċƣċЯШ

ůĲċŰŔŰŊШŔƣШƖĲƕƨŔƖĲƚШŸŰũǃШƣőĲШũŸĦċƣŔŸŰƚШƽőĲƖĲШƣőĲШƚƓĲĦŔĲƚШőċƻĲШĤĲĲŰШŸĤƚĲƖƻĲĬЯШƖċƣőĲƖШƣőċŰШĤŸƣőШ

ƓƖĲƚĲŰĦĲШċŰĬШċĤƚĲŰĦĲШĬċƣċЮШÑőĲШůŸĬĲũШƽŸƖťƚШĤǃШǯŰĬŔŰŊШƣőĲШĬŔƚƣƖŔĤƨƣŔŸŰШƣőċƣШŔƚШĦũŸƚĲƚƣШƣŸШ

ƨŰŔŉŸƖůШыůċǂŔůƨůШĲŰƣƖŸƓǃьШƽőŔũĲШƚƣŔũũШĤĲŔŰŊШĦŸŰƚƣƖċŔŰĲĬШĤǃШƣőĲШĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚШċƣШ

ťŰŸƽŰШ ƚƓĲĦŔĲƚШ ũŸĦċƣŔŸŰƚЮШ fƣШ ŔƚШ ƓċƖƣŔĦƨũċƖũǃШ ĲǭĲĦƣŔƻĲШ ŔŰШ őċŰĬũŔŰŊШ ĦŸůƓũĲǂЯШ ŰŸŰрũŔŰĲċƖШ

ƖĲũċƣŔŸŰƚőŔƓƚШĤĲƣƽĲĲŰШƚƓĲĦŔĲƚШċŰĬШƣőĲŔƖШĲŰƻŔƖŸŰůĲŰƣЯШůċťŔŰŊШŔƣШċШƓŸƽĲƖŉƨũШƣŸŸũШŉŸƖШƓƖĲĬŔĦƣŔŰŊШ

ƚƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰƚЯШċƚƚĲƚƚŔŰŊШőċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃЯШċŰĬШŔŰŉŸƖůŔŰŊШĦŸŰƚĲƖƻċƣŔŸŰШƚƣƖċƣĲŊŔĲƚЮ 

 

ÉƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰШůŸĬĲũƚШыÉ?~ƚьШƓƖŸƻŔĬĲШċШƖŸĤƨƚƣШŉƖċůĲƽŸƖťШƣŸШċƚƚĲƚƚШƓŸƣĲŰƣŔċũШƽŔũĬũŔŉĲт

ƖŸċĬШ ŔŰƣĲƖċĦƣŔŸŰƚШ ĤĲĦċƨƚĲШ ƣőĲǃШ ƓƖĲĬŔĦƣШ ƣőĲШ ƓƖŸĤċĤŔũŔƣǃШ ŸŉШ ƚƓĲĦŔĲƚШ ŸĦĦƨƖƖĲŰĦĲШ ċĦƖŸƚƚШ ċШ
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ũċŰĬƚĦċƓĲШ ĤǃШ ũŔŰťŔŰŊШ ťŰŸƽŰШ ŸĦĦƨƖƖĲŰĦĲШ ƖĲĦŸƖĬƚШ ƽŔƣőШ ĲŰƻŔƖŸŰůĲŰƣċũШ ƓƖĲĬŔĦƣŸƖƚШ ыEũŔƣőШ ѼШ

xĲċƣőƽŔĦťЯШΞΜΜΦьЮШÑőĲШĦĲŰƣƖċũШƣőĲŸƖĲƣŔĦċũШƓƖĲůŔƚĲШŔƚШƣőċƣШƣőĲШũŔťĲũŔőŸŸĬШŸŉШĲŰĦŸƨŰƣĲƖŔŰŊШċШ

ƚƓĲĦŔĲƚШŔŰШĲċĦőШũŸĦċƣŔŸŰШŔƚШŰŸƣШƖċŰĬŸůШĤƨƣШƚƣƖƨĦƣƨƖĲĬШĤǃШĲĦŸũŸŊŔĦċũШŊƖċĬŔĲŰƣƚШċŰĬШőċĤŔƣċƣШ

ċƻċŔũċĤŔũŔƣǃЮШÑőŔƚШůċťĲƚШÉ?~ƚШƓċƖƣŔĦƨũċƖũǃШƽĲũũШƚƨŔƣĲĬШŉŸƖШƖŸċĬШĲĦŸũŸŊǃЯШƽőĲƖĲШƣőĲШƖŔƚťШŸŉШƻĲőŔĦũĲШ

ĦŸũũŔƚŔŸŰƚШŔƚШċШŉƨŰĦƣŔŸŰШŸŉШĤŸƣőШƣƖċǭŔĦШŔŰƣĲŰƚŔƣǃШċŰĬШƣőĲШƓƖŸĤċĤŔũŔƣǃШŸŉШċŰŔůċũƚШĤĲŔŰŊШƓƖĲƚĲŰƣШŔŰШ

ŸƖШŰĲċƖШƣőĲШƖŸċĬШĦŸƖƖŔĬŸƖШы9ũĲƻĲŰŊĲƖШѼШ ŔĲũƚĲŰЯШΞΜΝΞбШƻċŰШĬĲƖШÅĲĲШĲƣШċũЮЯШΞΜΝΡьЮ 

 

?ŔƖĲĦƣШĲƚƣŔůċƣĲƚШŸŉШĦŸũũŔƚŔŸŰШƖŔƚťШŔŰШ ŉƖŔĦċŰШĦŸŰƣĲǂƣƚШŉċĦĲШŔůƓŸƖƣċŰƣШũŔůŔƣċƣŔŸŰƚЮШ ĲƖŔċũШƽŔũĬũŔŉĲШ

ƚƨƖƻĲǃƚЯШƽőŔĦőШƖĲůċŔŰШƣőĲШůċŔŰШƚǃƚƣĲůċƣŔĦШƚŸƨƖĦĲШŸŉШĬċƣċШŔŰШ~ŸǍċůĤŔƕƨĲЯШċƖĲШũŸŊŔƚƣŔĦċũũǃШ

ĬĲůċŰĬŔŰŊЯШĦŸƚƣũǃЯШċŰĬШƚƓċƣŔċũũǃШĦŸŰƚƣƖċŔŰĲĬЮШÑőĲǃШŸŉƣĲŰШĦŸƻĲƖШŸŰũǃШƓƖŸƣĲĦƣĲĬШċƖĲċƚШƚƨĦőШċƚШ

]ŸƖŸŰŊŸƚċШ ċƣŔŸŰċũШÂċƖťЯШũĲċƻŔŰŊШċĬŢċĦĲŰƣШũċŰĬƚĦċƓĲƚЯШŔŰĦũƨĬŔŰŊШƣőĲШ]ŸƖŸŰŊŸƚċт9ċŔċШ ΝШƖŸċĬШ

ĦŸƖƖŔĬŸƖЯШƓŸŸƖũǃШƚƨƖƻĲǃĲĬШы9ƖċŔŊŔĲШĲƣШċũЮЯШΞΜΝΜьЮШEƻĲŰШƽőĲŰШċƻċŔũċĤũĲЯШċĲƖŔċũШĦŸƨŰƣƚШƣĲŰĬШƣŸШ

ƨŰĬĲƖĬĲƣĲĦƣШƚƓĲĦŔĲƚШŔŰШĬĲŰƚĲШƻĲŊĲƣċƣŔŸŰШŸƖШċƣШƚůċũũШŊƖŸƨƓШƚŔǍĲƚЯШċŰĬШƣőĲǃШƓƖŸƻŔĬĲШŸŰũǃШĦŸċƖƚĲШ

ƚƓċƣŔċũШƖĲƚŸũƨƣŔŸŰЯШŔŰƚƨǭŔĦŔĲŰƣШŉŸƖШƖŸċĬрũĲƻĲũШƖŔƚťШůċƓƓŔŰŊШы ŸƖƣŸŰр]ƖŔǭŔƣőƚШѼШ~Ħ9ŸŰƻŔũũĲЯШ

ΞΜΜΤьЮ 

 

fŰШƣőŔƚШĦŸŰƣĲǂƣЯШÉ?~ƚШŸǭĲƖШċШƚĦŔĲŰƣŔǯĦċũũǃШĬĲŉĲŰƚŔĤũĲШƽċǃШƣŸШĲǂƣĲŰĬШƣőĲШĲĦŸũŸŊŔĦċũШƚŔŊŰċũШ

ĤĲǃŸŰĬШƣőĲШĤŸƨŰĬċƖŔĲƚШŸŉШƣőĲШċĲƖŔċũШƚƨƖƻĲǃШƣƖċŰƚĲĦƣƚШċŰĬШƣőĲШƓċƖťШŔƣƚĲũŉЮШ7ǃШŔŰƣĲŊƖċƣŔŰŊШ

ŸĦĦƨƖƖĲŰĦĲШĬċƣċШŉƖŸůШ]ŸƖŸŰŊŸƚċќƚШċĲƖŔċũШƚƨƖƻĲǃƚШƽŔƣőШĲŰƻŔƖŸŰůĲŰƣċũШƓƖĲĬŔĦƣŸƖƚШƚƨĦőШċƚШũċŰĬШ

ĦŸƻĲƖЯШƣŸƓŸŊƖċƓőǃЯШƽċƣĲƖШċƻċŔũċĤŔũŔƣǃЯШċŰĬШƻĲŊĲƣċƣŔŸŰШƓƖŸĬƨĦƣŔƻŔƣǃЯШÉ?~ƚШĦċŰШŔĬĲŰƣŔŉǃШƚƨŔƣċĤũĲШ

őċĤŔƣċƣƚШċĦƖŸƚƚШƣőĲШĤƖŸċĬĲƖШũċŰĬƚĦċƓĲЯШŔŰĦũƨĬŔŰŊШƣőĲШƖŸċĬШĦŸƖƖŔĬŸƖЮШÑőĲШċƚƚƨůƓƣŔŸŰШŔƚШŰŸƣШƣőċƣШ

]ŸƖŸŰŊŸƚċШċĲƖŔċũШƚƨƖƻĲǃƚШĦċƓƣƨƖĲШċũũШŔŰĬŔƻŔĬƨċũƚШĬŔƚƓĲƖƚŔŰŊШƣŸƽċƖĬШƣőĲШ ΝЯШĤƨƣШƖċƣőĲƖШƣőċƣШƣőĲШ

ĲĦŸũŸŊŔĦċũШƖĲũċƣŔŸŰƚőŔƓƚШĬĲƖŔƻĲĬШŉƖŸůШƣőĲƚĲШĬċƣċШыĲЮŊЮЯШĲũĲƓőċŰƣƚШŉċƻŸƨƖŔŰŊШƽŸŸĬĲĬШƚċƻċŰŰċƚШ

ŰĲċƖШƽċƣĲƖЯШũċƖŊĲШőĲƖĤŔƻŸƖĲƚШƓƖĲŉĲƖƖŔŰŊШǰŸŸĬƓũċŔŰƚШŸƖШŸƓĲŰШŊƖċƚƚũċŰĬƚьШƖĲůċŔŰШƻċũŔĬШŸƨƣƚŔĬĲШƣőĲШ

ƓċƖťШĤŸƨŰĬċƖŔĲƚШыÂőŔũũŔƓƚШĲƣШċũЮЯШΞΜΜΣьЮШÑőŔƚШƣƖċŰƚŉĲƖċĤŔũŔƣǃШŸŉШőċĤŔƣċƣтŸĦĦƨƖƖĲŰĦĲШƖĲũċƣŔŸŰƚőŔƓƚШ

ŔƚШ ƽŔĬĲũǃШ ƖĲĦŸŊŰŔǍĲĬШ ŔŰШ ƚƓĲĦŔĲƚШ ĬŔƚƣƖŔĤƨƣŔŸŰШ ůŸĬĲũũŔŰŊШ ċŰĬШ ƨŰĬĲƖƓŔŰƚШ ċƓƓũŔĦċƣŔŸŰƚШ ŔŰШ

ĦŸŰƚĲƖƻċƣŔŸŰШƓũċŰŰŔŰŊЯШĦũŔůċƣĲШċĬċƓƣċƣŔŸŰЯШċŰĬШŔůƓċĦƣШċƚƚĲƚƚůĲŰƣШы]ƨŔƚċŰШѼШüŔůůĲƖůċŰŰЯШ

ΞΜΜΜбШ[ƖċŰťũŔŰЯШΞΜΝΜьЮ 

 

ÖƚŔŰŊШÉ?~ƚШŔŰШƣőŔƚШƽċǃШĬŔƖĲĦƣũǃШċĬĬƖĲƚƚĲƚШƣƽŸШĦőċũũĲŰŊĲƚаШыŔьШƣőĲШċĤƚĲŰĦĲШŸŉШƚǃƚƣĲůċƣŔĦШƽŔũĬũŔŉĲШ

ůŸŰŔƣŸƖŔŰŊШċũŸŰŊШƣőĲШ ΝШĦŸƖƖŔĬŸƖЯШċŰĬШыŔŔьШƣőĲШŰĲĲĬШƣŸШŊĲŰĲƖċƣĲШƚƓċƣŔċũũǃШĲǂƓũŔĦŔƣЯШǯŰĲрƚĦċũĲШ
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ƓƖĲĬŔĦƣŔŸŰƚШŸŉШċŰŔůċũШƓƖĲƚĲŰĦĲШƽőĲƖĲШůŔƣŔŊċƣŔŸŰШůĲċƚƨƖĲƚШůƨƚƣШĤĲШƓƖŔŸƖŔƣŔǍĲĬЮШÅċƣőĲƖШƣőċŰШ

ƖĲũǃŔŰŊШĲǂĦũƨƚŔƻĲũǃШŸŰШƚƓċƖƚĲШĦċƖĦċƚƚШĦŸƨŰƣƚШŸƖШĲǂƣƖċƓŸũċƣŔŰŊШƖċƽШċĲƖŔċũШƚƨƖƻĲǃШŰƨůĤĲƖƚЯШƣőĲШ

ůŸĬĲũũŔŰŊШŉƖċůĲƽŸƖťШƓƖŸƻŔĬĲƚШċШƓƖŸĤċĤŔũŔƚƣŔĦШƚƨƖŉċĦĲШŸŉШőċĤŔƣċƣШƨƚĲЮШìőĲŰШĦŸůĤŔŰĲĬШƽŔƣőШ

ƣƖċǭŔĦШƻŸũƨůĲШċŰĬШƚƓĲĲĬШĬċƣċЯШƣőŔƚШĲŰċĤũĲƚШƣőĲШŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШőŔŊőрƖŔƚťШљĦŸũũŔƚŔŸŰШőŸƣƚƓŸƣƚњШ

ċũŸŰŊШƣőĲШƖŸċĬЯШŸǭĲƖŔŰŊШĬĲĦŔƚŔŸŰрůċťĲƖƚШĲƻŔĬĲŰĦĲрĤċƚĲĬШũŸĦċƣŔŸŰƚШŉŸƖШůŔƣŔŊċƣŔŸŰШƚƨĦőШċƚШ

ƚŔŊŰċŊĲЯШƚƓĲĲĬШƖĲŊƨũċƣŔŸŰЯШŸƖШƽŔũĬũŔŉĲШĦƖŸƚƚŔŰŊƚЮ 

 

ÑőĲШƨƚĲШŸŉШÉ?~ƚШŔŰШƣőŔƚШƚƣƨĬǃШŔƚШƣőĲŸƖĲƣŔĦċũũǃШŢƨƚƣŔǯĲĬШċŰĬШƓƖċĦƣŔĦċũũǃШŰĲĦĲƚƚċƖǃЮШÑőĲǃШċũũŸƽШƣőĲШ

ĲĦŸũŸŊŔĦċũШŔŰŉŸƖůċƣŔŸŰШĲůĤĲĬĬĲĬШŔŰШ]ŸƖŸŰŊŸƚċШċĲƖŔċũШƚƨƖƻĲǃƚШƣŸШŔŰŉŸƖůШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШ

ĤĲǃŸŰĬШƓċƖťШũŔůŔƣƚЯШŸƻĲƖĦŸůŔŰŊШƣőĲШĦŸŰƚƣƖċŔŰƣƚШŸŉШũŔůŔƣĲĬШƚƨƖƻĲǃШĦŸƻĲƖċŊĲШċŰĬШƖĲƚŸũƨƣŔŸŰЮШÑőŔƚШ

ċƓƓƖŸċĦőШŔƚШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШŔŰƣĲƖŰċƣŔŸŰċũШĤĲƚƣШƓƖċĦƣŔĦĲШŔŰШĲŰƻŔƖŸŰůĲŰƣċũШŔůƓċĦƣШċƚƚĲƚƚůĲŰƣЯШ

ƽőĲƖĲШƓƖĲĬŔĦƣŔƻĲШőċĤŔƣċƣШůŸĬĲũƚШċƖĲШŔŰĦƖĲċƚŔŰŊũǃШƨƚĲĬШƣŸШċŰƣŔĦŔƓċƣĲШċŰĬШůŔƣŔŊċƣĲШĤŔŸĬŔƻĲƖƚŔƣǃШ

ŔůƓċĦƣƚШŔŰШĬċƣċрƓŸŸƖШĦŸŰƣĲǂƣƚШы9ũĲƻĲŰŊĲƖШѼШcƨŔŢƚĲƖЯШΞΜΝΝбШ~ċƣĲŸШÉČŰĦőĲǍШĲƣШċũЮЯШΞΜΝΣьЮ 

 

ƚШŔŰĬŔĦċƣĲĬШŔŰШƚĲĦƣŔŸŰШΞЮΝЯШĬċƣċШƽċƚШŸĤƣċŔŰĲĬШƣőƖŸƨŊőШƓƨĤũŔĦШƖĲƓŸƚŔƣŸƖǃШċŰĬШǯĲũĬШĦŸŰƚƣƖċŔŰĲĬШ

ĬċƣċЮШcŸƽĲƻĲƖЯШƖċƽШŸĦĦƨƖƖĲŰĦĲШĬċƣċШŸŉƣĲŰШĦŸŰƣċŔŰШƚƓċƣŔċũШĤŔċƚĲƚШĬƨĲШƣŸШƨŰĲƻĲŰШƚċůƓũŔŰŊШ

ĲǭŸƖƣЯШċĦĦĲƚƚŔĤŔũŔƣǃШŸŉШƚŔƣĲƚЯШŸƖШĦũƨƚƣĲƖŔŰŊШŸŉШƖĲĦŸƖĬƚШċƖŸƨŰĬШƖĲƚĲċƖĦőШƚƣċƣŔŸŰƚШċŰĬШƖŸċĬƚЮШÉƨĦőШ

ĤŔċƚĲƚШĦċŰШċƖƣŔǯĦŔċũũǃШŔŰǰċƣĲШůŸĬĲũШƓĲƖŉŸƖůċŰĦĲШĤǃШŸƻĲƖрƖĲƓƖĲƚĲŰƣŔŰŊШĦĲƖƣċŔŰШĲŰƻŔƖŸŰůĲŰƣċũШ

ĦŸŰĬŔƣŔŸŰƚШƽőŔũĲШƨŰĬĲƖрƖĲƓƖĲƚĲŰƣŔŰŊШŸƣőĲƖƚЮШÑŸШċĬĬƖĲƚƚШƣőŔƚЯШƓƖŔŸƖШƣŸШůŸĬĲũũŔŰŊШŸĦĦƨƖƖĲŰĦĲШ

ƓŸŔŰƣƚШƽĲƖĲШƚƓċƣŔċũũǃШǯũƣĲƖĲĬШƨƚŔŰŊШƣőĲШƚƓÑőŔŰШƓċĦťċŊĲШŔŰШÅЯШƽőŔĦőШċƓƓũŔĲƚШċШƣőŔŰŰŔŰŊШċũŊŸƖŔƣőůШ

ƣŸШƖĲĬƨĦĲШƚƓċƣŔċũШċƨƣŸĦŸƖƖĲũċƣŔŸŰШċůŸŰŊШƖĲĦŸƖĬƚЮ 

 

[ŔũƣĲƖŔŰŊШƽċƚШĦŸŰĬƨĦƣĲĬШƣŸШĲŰƚƨƖĲШƣőċƣШƣőĲШŸĦĦƨƖƖĲŰĦĲШĬċƣċШůċƣĦőĲĬШƣőĲШƚƓċƣŔċũШƖĲƚŸũƨƣŔŸŰШŸŉШ

ƣőĲШĦũŔůċƣĲШƓƖĲĬŔĦƣŸƖƚШыĤŔŸĦũŔůċƣŔĦШƻċƖŔċĤũĲƚШŉƖŸůШìŸƖũĬ9ũŔůьЮШ9ũŔůċƣĲШĬċƣċШċƖĲШƣǃƓŔĦċũũǃШ

ċƻċŔũċĤũĲШċƣШƖĲƚŸũƨƣŔŸŰƚШƚƨĦőШċƚШΝШťůЕШŸƖШΡШťůЕЯШůĲċŰŔŰŊШƣőċƣШůƨũƣŔƓũĲШŸĦĦƨƖƖĲŰĦĲШƖĲĦŸƖĬƚШ

ƽŔƣőŔŰШċШƚŔŰŊũĲШŊƖŔĬШĦĲũũШƽŸƨũĬШŰŸƣШƓƖŸƻŔĬĲШċĬĬŔƣŔŸŰċũШŔŰĬĲƓĲŰĬĲŰƣШŔŰŉŸƖůċƣŔŸŰЮШ7ǃШƣőŔŰŰŔŰŊШ

ƖĲĦŸƖĬƚШƣŸШŸŰĲШƓĲƖШŊƖŔĬШĦĲũũЯШƣőĲШĬċƣċƚĲƣШċƻŸŔĬƚШƓƚĲƨĬŸрƖĲƓũŔĦċƣŔŸŰШċŰĬШĲŰƚƨƖĲƚШƣőċƣШĲċĦőШ

ŸĦĦƨƖƖĲŰĦĲШĦŸŰƣƖŔĤƨƣĲƚШƨŰŔƕƨĲШŔŰŉŸƖůċƣŔŸŰШƣŸШƣőĲШůŸĬĲũЮШÑőŔƚШƚƣĲƓШŔƚШĲƚƚĲŰƣŔċũШŉŸƖШƓƖŸĬƨĦŔŰŊШ

ƖŸĤƨƚƣШÉ?~ƚШĤĲĦċƨƚĲа 

 

¶ ÅĲĬƨĦĲƚШƚċůƓũŔŰŊШĤŔċƚШċŰĬШƚƓċƣŔċũШċƨƣŸĦŸƖƖĲũċƣŔŸŰЮ 
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¶ ũŔŊŰƚШ ƣőĲШ ƚĦċũĲШ ŸŉШ ĤŔŸũŸŊŔĦċũШ ĬċƣċШ ыƚƓĲĦŔĲƚШ ŸĦĦƨƖƖĲŰĦĲƚьШ ƽŔƣőШ ƣőĲШ ƚĦċũĲШ ŸŉШ

ĲŰƻŔƖŸŰůĲŰƣċũШƓƖĲĬŔĦƣŸƖƚШыĦũŔůċƣĲШƻċƖŔċĤũĲƚьЮ 

¶ ÂƖĲƻĲŰƣƚШŸƻĲƖǯƣƣŔŰŊЯШƽőŔĦőШĦċŰШŸĦĦƨƖШƽőĲŰШĦũƨƚƣĲƖĲĬШƓŸŔŰƣƚШĲǂċŊŊĲƖċƣĲШƚƓĲĦŔĲƚт

ĲŰƻŔƖŸŰůĲŰƣШƖĲũċƣŔŸŰƚőŔƓƚЮ 

¶ fůƓƖŸƻĲƚШƣőĲШƣƖċŰƚŉĲƖċĤŔũŔƣǃШŸŉШůŸĬĲũƚШƣŸШŰĲƽШċƖĲċƚШŸƖШŉƨƣƨƖĲШĦũŔůċƣĲШƚĦĲŰċƖŔŸƚЯШċƚШƣőĲШ

ƖĲũċƣŔŸŰƚőŔƓƚШċƖĲШĤċƚĲĬШŸŰШŔŰĬĲƓĲŰĬĲŰƣЯШƖĲƓƖĲƚĲŰƣċƣŔƻĲШĬċƣċЮ 

 

7ǃШőċƖůŸŰŔǍŔŰŊШŸĦĦƨƖƖĲŰĦĲШƖĲĦŸƖĬƚШƽŔƣőШƣőĲШƖĲƚŸũƨƣŔŸŰШŸŉШĦũŔůċƣĲШƻċƖŔċĤũĲƚЯШƣőĲШƖĲƚƨũƣŔŰŊШ

ůŸĬĲũƚШƓƖŸƻŔĬĲШůŸƖĲШƖĲũŔċĤũĲШĲƚƣŔůċƣĲƚШŸŉШƚƓĲĦŔĲƚќШƓŸƣĲŰƣŔċũШĬŔƚƣƖŔĤƨƣŔŸŰƚШċŰĬШũċŰĬƚĦċƓĲШ

ƓĲƖůĲċĤŔũŔƣǃЯШƚƨƓƓŸƖƣŔŰŊШĦŸŰƚĲƖƻċƣŔŸŰШƓũċŰŰŔŰŊШċŰĬШĲĦŸũŸŊŔĦċũШŔŰŉĲƖĲŰĦĲЮ 

 

ÂƖĲƓċƖċƣŔŸŰШŸŉШƣőĲШƖĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲ 

ÂƖŔŸƖШƣŸШċƚƚĲƚƚŔŰŊШũċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃЯШŔƣШƽċƚШŰĲĦĲƚƚċƖǃШƣŸШƓƖĲƓċƖĲШċШƖĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲ1ЯШ

ƽőŔĦőШƖĲƓƖĲƚĲŰƣƚШƣőĲШƖĲũċƣŔƻĲШĬŔǭŔĦƨũƣǃШŉŸƖШƚƓĲĦŔĲƚШƣŸШůŸƻĲШċĦƖŸƚƚШƣőĲШũċŰĬƚĦċƓĲЮШÑŸШĦŸŰƚƣƖƨĦƣШ

ƣőŔƚШũċǃĲƖЯШƣƽŸШƣǃƓĲƚШŸŉШƚƓċƣŔċũШĬċƣċШƽĲƖĲШŔŰŔƣŔċũũǃШĦŸůƓŔũĲĬаШƻĲĦƣŸƖШċŰĬШƖċƚƣĲƖЮШ ũũШƻĲĦƣŸƖШĬċƣċƚĲƣƚШ

ƽĲƖĲШĦŸŰƻĲƖƣĲĬШŔŰƣŸШƖċƚƣĲƖШŉŸƖůċƣШƣŸШĲŰƚƨƖĲШĦŸůƓċƣŔĤŔũŔƣǃЯШċŉƣĲƖШƽőŔĦőШċũũШƖċƚƣĲƖШũċǃĲƖƚШƽĲƖĲШ

ƖĲĦũċƚƚŔǯĲĬШŔŰƣŸШĬŔůĲŰƚŔŸŰũĲƚƚШƻċũƨĲƚШƣŸШċũũŸƽШĬŔƖĲĦƣШĦŸůƓċƖŔƚŸŰШċŰĬШŔŰƣĲŊƖċƣŔŸŰЮШÅĲƚŔƚƣċŰĦĲШ

ƻċũƨĲƚШƽĲƖĲШĦċƣĲŊŸƖŔǍĲĬШƨƚŔŰŊШċШƚƣċŰĬċƖĬŔǍĲĬШƚĦċũĲаШΜШӀШŰŸƣШƚƨŔƣċĤũĲбШΞШӀШƻĲƖǃШũŸƽШƖĲƚŔƚƣċŰĦĲбШΠШ

ӀШũŸƽШƖĲƚŔƚƣċŰĦĲбШΣШӀШůĲĬŔƨůШƖĲƚŔƚƣċŰĦĲбШΥШӀШőŔŊőШƖĲƚŔƚƣċŰĦĲбШΝΜШӀШƻĲƖǃШőŔŊőШƖĲƚŔƚƣċŰĦĲЮ 

 

ÑőŔƚШĦũċƚƚŔǯĦċƣŔŸŰШƚĦőĲůĲШƓƖŸƻŔĬĲƚШċШĦŸŰƚŔƚƣĲŰƣШŉƖċůĲƽŸƖťШŉŸƖШƕƨċŰƣŔŉǃŔŰŊШũċŰĬƚĦċƓĲШŉĲċƣƨƖĲƚШ

ŔŰШƣĲƖůƚШŸŉШƣőĲŔƖШƓĲƖůĲċĤŔũŔƣǃШƣŸШƚƓĲĦŔĲƚШůŸƻĲůĲŰƣЮШEǂĦĲƓƣШŉŸƖШũċŰĬШĦŸƻĲƖЯШċũũШƻċƖŔċĤũĲƚШƽĲƖĲШ

ĦũċƚƚŔǯĲĬШŔŰƣŸШǯƻĲШĦċƣĲŊŸƖŔĲƚШƨƚŔŰŊШƣőĲШsĲŰťƚШŰċƣƨƖċũШĤƖĲċťƚШůĲƣőŸĬЯШƽőŔĦőШŸƓƣŔůŔǍĲƚШĦũċƚƚШ

ŔŰƣĲƖƻċũƚШĤǃШůŔŰŔůŔǍŔŰŊШƻċƖŔċŰĦĲШƽŔƣőŔŰШĦũċƚƚĲƚШċŰĬШůċǂŔůŔǍŔŰŊШƻċƖŔċŰĦĲШĤĲƣƽĲĲŰШĦũċƚƚĲƚЮШÑőŔƚШ

ċƓƓƖŸċĦőШŔƚШƽŔĬĲũǃШƨƚĲĬШŔŰШĲĦŸũŸŊŔĦċũШůŸĬĲũũŔŰŊШƣŸШĦċƓƣƨƖĲШŰċƣƨƖċũШŊƖŸƨƓŔŰŊƚШŔŰШĲŰƻŔƖŸŰůĲŰƣċũШ

ĬċƣċЮШÑőĲШƖĲĦũċƚƚŔǯĲĬШƖċƚƣĲƖШũċǃĲƖƚШƽĲƖĲШƣőĲŰШĦŸůĤŔŰĲĬШŔŰШ ƖĦ]fÉШΝΣЮΜЮΝШƣőƖŸƨŊőШċШƽĲŔŊőƣĲĬШ

ƚƨůůċƣŔŸŰЮШÑőĲШŉŸũũŸƽŔŰŊШƽĲŔŊőƣƚШƽĲƖĲШċƓƓũŔĲĬЯШƖĲǰĲĦƣŔŰŊШƣőĲШƖĲũċƣŔƻĲШŔůƓŸƖƣċŰĦĲШŸŉШĲċĦőШ

ƻċƖŔċĤũĲШŔŰШƚőċƓŔŰŊШƖĲƚŔƚƣċŰĦĲаШxċŰĬШĦŸƻĲƖШӀШΜЮΞΜбШcċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃШӀШΜЮΞΜбШÑŸƓŸŊƖċƓőǃШӀШΜЮΞΥбШ

 
1 Resistance layers represent the degree to which some landscape feature impedes or facilitates species 
movement (Adriaensen et al., 2003), typically represented as a cell (pixel) value in a grid (raster) within a 
Geographic Information System (GIS). 
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ÂŸƓƨũċƣŔŸŰШĬĲŰƚŔƣǃШӀШΜЮΝΜбШÉƓĲĦŔĲƚШƖŔĦőŰĲƚƚШӀШΜЮΜΤбШcƨůċŰШ[ŸŸƣƓƖŔŰƣШӀШΜЮΝΡЯШċƚШŔŰĬŔĦċƣĲĬШŔŰШ

EƕƨċƣŔŸŰШΝЮШ[ŸƖШĲċĦőШƚƓĲĦŔĲƚŔа 

 

fŰĬĲǂπȢςπὅέὺὩὶπȢςψὝέὴέπȢρπὖέὴὈὩὲίπȢπχὙὭὧὬὲὩίίπȢρυὌὊὖπȢςπὛὴὩὧὭὩί 

 

ÑőĲƚĲШƽĲŔŊőƣƚШƽĲƖĲШĬĲƖŔƻĲĬШŉƖŸůШċШƖĲŊƖĲƚƚŔŸŰШċŰċũǃƚŔƚШŸŉШċũũШƻċƖŔċĤũĲƚЯШŉŸũũŸƽŔŰŊШĲƚƣċĤũŔƚőĲĬШ

ċƓƓƖŸċĦőĲƚШŔŰШũċŰĬƚĦċƓĲШĲĦŸũŸŊǃШыĲЮŊЮЯШüőċŰŊШĲƣШċũЮЯШΞΜΝΥбШuŸƣƣЯШΞΜΞΞьЮШÑőĲШƖĲƚƨũƣŔŰŊШƖĲƚŔƚƣċŰĦĲШ

ƚƨƖŉċĦĲШŔŰƣĲŊƖċƣĲƚШůƨũƣŔƓũĲШĲĦŸũŸŊŔĦċũШċŰĬШċŰƣőƖŸƓŸŊĲŰŔĦШŉċĦƣŸƖƚЯШƓƖŸƻŔĬŔŰŊШċШƖŸĤƨƚƣШĤċƚŔƚШŉŸƖШ

ĲƻċũƨċƣŔŰŊШũċŰĬƚĦċƓĲШ ƓĲƖůĲċĤŔũŔƣǃШċŰĬШŔĬĲŰƣŔŉǃŔŰŊШƓŸƣĲŰƣŔċũШůŸƻĲůĲŰƣШ ĦŸƖƖŔĬŸƖƚЮШÑŸШċŔĬШ

ĦċũĦƨũċƣŔŸŰƚЯШċũũШƻċƖŔċĤũĲƚШƽĲƖĲШŰŸƖůċũŔǍĲĬШƣŸШƖċŰŊĲШŉƖŸůШΜрΝЯШƨƚŔŰŊШƣőĲШEƕƨċƣŔŸŰШΝа 

 

ὶ ШШШШШШШШШШШШыEƕЮШΝь 

 

ÑőĲШĬĲĦŔƚŔŸŰШƣŸШĦŸůĤŔŰĲШƖĲĦũċƚƚŔǯĲĬШƖċƚƣĲƖШũċǃĲƖƚШƣőƖŸƨŊőШċШƽĲŔŊőƣĲĬШƚƨůůċƣŔŸŰШƖĲǰĲĦƣƚШĤŸƣőШ

ůĲƣőŸĬŸũŸŊŔĦċũШƖŔŊŸƖШċŰĬШƓƖċĦƣŔĦċũШĦŸŰƚŔĬĲƖċƣŔŸŰƚШŔŰШũċŰĬƚĦċƓĲШĲĦŸũŸŊǃЮШÑőŔƚШċƓƓƖŸċĦőШŔƚШ

ƽŔĬĲũǃШċĬŸƓƣĲĬШĤĲĦċƨƚĲШŔƣШċũũŸƽƚШůƨũƣŔƓũĲШĲĦŸũŸŊŔĦċũШċŰĬШċŰƣőƖŸƓŸŊĲŰŔĦШƻċƖŔċĤũĲƚШƣŸШĤĲШ

ŔŰƣĲŊƖċƣĲĬШŔŰƣŸШċШƚŔŰŊũĲШƖĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲШƽőŔũĲШůċŔŰƣċŔŰŔŰŊШƣƖċŰƚƓċƖĲŰĦǃШċŰĬШŔŰƣĲƖƓƖĲƣċĤŔũŔƣǃЮШ

ƚШƚƨĦőЯШƣőŔƚШůĲƣőŸĬШĲŰƚƨƖĲƚШƣƖċŰƚƓċƖĲŰĦǃШċŰĬШŔŰƣĲƖƓƖĲƣċĤŔũŔƣǃЯШǰĲǂŔĤŔũŔƣǃШŔŰШŔŰĦŸƖƓŸƖċƣŔŰŊШ

ĬŔƻĲƖƚĲШĬċƣċЯШċƻŸŔĬċŰĦĲШŸŉШŸƻĲƖǯƣƣŔŰŊШċŰĬШĦŸůƓċƖċĤŔũŔƣǃШċĦƖŸƚƚШƚƣƨĬŔĲƚЮ 

 

EċĦőШŸŉШƣőĲШƻċƖŔċĤũĲƚШƖĲƓƖĲƚĲŰƣƚШċШĬŔƚƣŔŰĦƣШĲĦŸũŸŊŔĦċũШŸƖШċŰƣőƖŸƓŸŊĲŰŔĦШŉċĦƣŸƖШŔŰǰƨĲŰĦŔŰŊШ

ůŸƻĲůĲŰƣЮШÑőĲШƽĲŔŊőƣŔŰŊШƚĦőĲůĲШĤċũċŰĦĲƚШĤŔŸƓőǃƚŔĦċũШĦŸŰƚƣƖċŔŰƣƚШыũċŰĬШĦŸƻĲƖЯШƣŸƓŸŊƖċƓőǃЯШ

ƚũŸƓĲьШƽŔƣőШċŰƣőƖŸƓŸŊĲŰŔĦШƓƖĲƚƚƨƖĲƚШыƖŸċĬƚЯШƓŸƓƨũċƣŔŸŰШĬĲŰƚŔƣǃьШċŰĬШĲĦŸũŸŊŔĦċũШƖĲũĲƻċŰĦĲШ

ыőċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃЯШƚƓĲĦŔĲƚШƖŔĦőŰĲƚƚьШƣŸШƓƖŸƻŔĬĲШċШůƨũƣŔĬŔůĲŰƚŔŸŰċũШƖĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲШƣőċƣШ

ƖĲċũŔƚƣŔĦċũũǃШĦċƓƣƨƖĲƚШũċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃЮ 

 

¶ xċŰĬШĦŸƻĲƖШŔƚШŸŰĲШŸŉШƣőĲШůŸƚƣШŔŰǰƨĲŰƣŔċũШĬĲƣĲƖůŔŰċŰƣƚШŸŉШƚƓĲĦŔĲƚШůŸƻĲůĲŰƣЮШ?ŔǭĲƖĲŰƣШ

ũċŰĬШĦŸƻĲƖШƣǃƓĲƚШыĲЮŊЮЯШŉŸƖĲƚƣЯШŊƖċƚƚũċŰĬЯШĦƖŸƓũċŰĬЯШƨƖĤċŰШċƖĲċƚьШƻċƖǃШŔŰШƓĲƖůĲċĤŔũŔƣǃаШ

ŰċƣƨƖċũШőċĤŔƣċƣƚШƣǃƓŔĦċũũǃШŉċĦŔũŔƣċƣĲШůŸƻĲůĲŰƣЯШƽőŔũĲШƨƖĤċŰШŸƖШċŊƖŔĦƨũƣƨƖċũШċƖĲċƚШŸŉƣĲŰШ

ċĦƣШċƚШĤċƖƖŔĲƖƚЮШ ƚƚŔŊŰŔŰŊШċШőŔŊőШƽĲŔŊőƣШƖĲǰĲĦƣƚШŔƣƚШĦĲŰƣƖċũШƖŸũĲШŔŰШĬĲǯŰŔŰŊШőċĤŔƣċƣШ

ĦŸŰƣŔŰƨŔƣǃШċŰĬШŉƖċŊůĲŰƣċƣŔŸŰЮ 
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¶ cċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃЯШĬĲƖŔƻĲĬШŉƖŸůШƚƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰШůŸĬĲũƚЯШŔŰĬŔĦċƣĲƚШőŸƽШŉċƻŸƨƖċĤũĲШ

ċШũŸĦċƣŔŸŰШŔƚШŉŸƖШċШƚƓĲĦŔĲƚЮШ ƖĲċƚШŸŉШũŸƽШƚƨŔƣċĤŔũŔƣǃШƖĲƓƖĲƚĲŰƣШőŔŊőĲƖШƖĲƚŔƚƣċŰĦĲШƣŸШ

ůŸƻĲůĲŰƣЮШfŰĦũƨĬŔŰŊШƣőŔƚШƻċƖŔċĤũĲШĲŰƚƨƖĲƚШƣőċƣШƣőĲШƖĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲШƖĲǰĲĦƣƚШƚƓĲĦŔĲƚр

ƚƓĲĦŔǯĦШ ĲĦŸũŸŊŔĦċũШ ƖĲƕƨŔƖĲůĲŰƣƚЯШ ċũŔŊŰŔŰŊШ ĦŸŰŰĲĦƣŔƻŔƣǃШ ůŸĬĲũũŔŰŊШ ƽŔƣőШ ĤŔŸũŸŊŔĦċũШ

ƖĲċũŔƚůЮ 

 

¶ ÑŸƓŸŊƖċƓőŔĦШŉĲċƣƨƖĲƚШƚƨĦőШċƚШĲũĲƻċƣŔŸŰШċŰĬШƣĲƖƖċŔŰШƖƨŊŊĲĬŰĲƚƚШŔŰǰƨĲŰĦĲШĬŔƚƓĲƖƚċũЮШ

ÉƣĲĲƓШŸƖШĦŸůƓũĲǂШƣĲƖƖċŔŰШĦċŰШőŔŰĬĲƖШůŸƻĲůĲŰƣЯШƽőŔũĲШǰċƣШċƖĲċƚШċƖĲШŊĲŰĲƖċũũǃШůŸƖĲШ

ƓĲƖůĲċĤũĲЮШÑőŔƚШƻċƖŔċĤũĲШĦċƓƣƨƖĲƚШƣőĲШƓőǃƚŔĦċũШĦŸŰƚƣƖċŔŰƣƚШŔůƓŸƚĲĬШĤǃШƣőĲШũċŰĬƚĦċƓĲШ

ŔƣƚĲũŉЮШÑŸƓŸŊƖċƓőǃШыƖĲƓƖĲƚĲŰƣĲĬШĤǃШĲũĲƻċƣŔŸŰьШƽċƚШƣƖĲċƣĲĬШċƚШċШĦŸƚƣШƚƨƖŉċĦĲЯШċƚШƚƣĲĲƓĲƖШ

ċŰĬШőŔŊőĲƖШƣĲƖƖċŔŰШƣĲŰĬƚШƣŸШƖĲĬƨĦĲШċŰŔůċũШůŸƻĲůĲŰƣШċŰĬШőċĤŔƣċƣШċĦĦĲƚƚŔĤŔũŔƣǃШċŰĬШƽċƚШ

ƣőĲƖĲŉŸƖĲШċƚƚŔŊŰĲĬШċШŰĲŊċƣŔƻĲШƽĲŔŊőƣЮ 

 

¶ cƨůċŰШƓŸƓƨũċƣŔŸŰШĬĲŰƚŔƣǃШƖĲǰĲĦƣƚШƣőĲШŔŰƣĲŰƚŔƣǃШŸŉШőƨůċŰШƓƖĲƚĲŰĦĲШċŰĬШċƚƚŸĦŔċƣĲĬШ

ƓƖĲƚƚƨƖĲƚШ ыƚĲƣƣũĲůĲŰƣƚЯШ ċŊƖŔĦƨũƣƨƖĲЯШ ŔŰŉƖċƚƣƖƨĦƣƨƖĲьЮШ cŔŊőрĬĲŰƚŔƣǃШ ċƖĲċƚШ ƣǃƓŔĦċũũǃШ

ĦŸƖƖĲƚƓŸŰĬШƣŸШƖĲĬƨĦĲĬШƓĲƖůĲċĤŔũŔƣǃШĬƨĲШƣŸШĬŔƚƣƨƖĤċŰĦĲЯШőċĤŔƣċƣШũŸƚƚЯШċŰĬШŔŰĦƖĲċƚĲĬШƖŔƚťШ

ŸŉШ ĦŸŰǰŔĦƣЮШ fŰĦũƨĬŔŰŊШ ƣőŔƚШ ƻċƖŔċĤũĲШ ĲŰƚƨƖĲƚШ ċŰƣőƖŸƓŸŊĲŰŔĦШ ŔůƓċĦƣƚШ ċƖĲШ ĲǂƓũŔĦŔƣũǃШ

ƖĲƓƖĲƚĲŰƣĲĬЮ 

 

¶ ƖĲċƚШŸŉШőŔŊőШƚƓĲĦŔĲƚШƖŔĦőŰĲƚƚШŸŉƣĲŰШŔŰĬŔĦċƣĲШĲĦŸũŸŊŔĦċũũǃШƻċũƨċĤũĲШċŰĬШĬŔƻĲƖƚĲШőċĤŔƣċƣƚЮШ

fŰĦŸƖƓŸƖċƣŔŰŊШƚƓĲĦŔĲƚШƖŔĦőŰĲƚƚШőĲũƓƚШƓƖŔŸƖŔƣŔǍĲШƖĲŊŔŸŰƚШƣőċƣШƚƨƓƓŸƖƣШůƨũƣŔƓũĲШƚƓĲĦŔĲƚШ

ƚŔůƨũƣċŰĲŸƨƚũǃЮШ ũƣőŸƨŊőШƽĲŔŊőƣĲĬШũŸƽĲƖЯШŔƣШċĬĬƚШċŰШŔůƓŸƖƣċŰƣШĤŔŸĬŔƻĲƖƚŔƣǃШĬŔůĲŰƚŔŸŰЯШ

ĲŰƚƨƖŔŰŊШƣőċƣШĦŸŰŰĲĦƣŔƻŔƣǃШƓũċŰŰŔŰŊШĤĲŰĲǯƣƚШĤƖŸċĬĲƖШĲĦŸũŸŊŔĦċũШĦŸůůƨŰŔƣŔĲƚШƖċƣőĲƖШ

ƣőċŰШƚŔŰŊũĲШƚƓĲĦŔĲƚШċũŸŰĲЮ 

 
¶ cƨůċŰШŉŸŸƣƓƖŔŰƣШтШŔƣШƽċƚШŔŰĦũƨĬĲĬШċƚШċШůĲċƚƨƖĲШŸŉШĦƨůƨũċƣŔƻĲШċŰƣőƖŸƓŸŊĲŰŔĦШƓƖĲƚƚƨƖĲШ

ŸŰШƣőĲШũċŰĬƚĦċƓĲЯШŔŰƣĲŊƖċƣŔŰŊШƣőĲШĲǭĲĦƣƚШŸŉШŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШƚĲƣƣũĲůĲŰƣƚЯШċŊƖŔĦƨũƣƨƖĲЯШċŰĬШ

ċĦĦĲƚƚŔĤŔũŔƣǃЮШcŔŊőĲƖШƻċũƨĲƚШŸŉШƣőĲШcƨůċŰШ[ŸŸƣƓƖŔŰƣШŔŰĬŔĦċƣĲШŊƖĲċƣĲƖШũĲƻĲũƚШŸŉШőƨůċŰШ

ĬŔƚƣƨƖĤċŰĦĲЯШőċĤŔƣċƣШůŸĬŔǯĦċƣŔŸŰЯШċŰĬШŉƖċŊůĲŰƣċƣŔŸŰЯШƽőŔĦőШċƖĲШƽŔĬĲũǃШĬŸĦƨůĲŰƣĲĬШƣŸШ

ƖĲĬƨĦĲШőċĤŔƣċƣШƕƨċũŔƣǃЯШƖĲƚƣƖŔĦƣШċŰŔůċũШůŸƻĲůĲŰƣЯШċŰĬШŔŰĦƖĲċƚĲШůŸƖƣċũŔƣǃШċŰĬШĦŸŰǰŔĦƣШ

ƖŔƚťШŉŸƖШƽŔũĬũŔŉĲЮШ ĦĦŸƖĬŔŰŊũǃЯШƣőĲШcƨůċŰШ[ŸŸƣƓƖŔŰƣШƽċƚШƣƖĲċƣĲĬШċƚШċШĦŸƚƣШƻċƖŔċĤũĲШċŰĬШ
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ċƚƚŔŊŰĲĬШċШŰĲŊċƣŔƻĲШƽĲŔŊőƣШŔŰШƣőĲШĦŸůƓŸƚŔƣĲШŔŰĬĲǂЯШƚƨĦőШƣőċƣШŔŰĦƖĲċƚŔŰŊШċŰƣőƖŸƓŸŊĲŰŔĦШ

ƓƖĲƚƚƨƖĲШƖĲĬƨĦĲƚШƣőĲШŸƻĲƖċũũШƚƨŔƣċĤŔũŔƣǃШŸƖШƓƖŔŸƖŔƣǃШƻċũƨĲШŸŉШċШŊŔƻĲŰШũŸĦċƣŔŸŰЮњ 

 

9ŸŰŰĲĦƣŔƻŔƣǃШċƚƚĲƚƚůĲŰƣ 

ШĦŸŰŰĲĦƣŔƻŔƣǃШůŸĬĲũ2ШƽċƚШĬĲƻĲũŸƓĲĬШƨƚŔŰŊШ9ŔƖĦƨŔƣƚĦċƓĲШƻΠЮΜЮΡШы~ĦÅċĲШĲƣШċũЮЯШΞΜΝΣьЯШċШƽŔĬĲũǃШ

ċƓƓũŔĲĬШƣŸŸũШŔŰШũċŰĬƚĦċƓĲШĲĦŸũŸŊǃЮШ9ŔƖĦƨŔƣƚĦċƓĲШŔƚШŊƖŸƨŰĬĲĬШŔŰШĦŔƖĦƨŔƣШƣőĲŸƖǃШы9ÑьЯШƽőŔĦőШ

ĦŸŰĦĲƓƣƨċũŔǍĲƚШƓŸƓƨũċƣŔŸŰШĦŸŰŰĲĦƣŔƻŔƣǃШċƚШċŰċũŸŊŸƨƚШƣŸШƣőĲШǰŸƽШŸŉШĲũĲĦƣƖŔĦċũШĦƨƖƖĲŰƣШċĦƖŸƚƚШċШ

ŰĲƣƽŸƖťШы~ĦÅċĲЯШΞΜΜΣбШ~ĦÅċĲШĲƣШċũЮЯШΞΜΜΥьЮШfŰШƣőŔƚШŉƖċůĲƽŸƖťЯШũċŰĬƚĦċƓĲƚШċƖĲШƖĲƓƖĲƚĲŰƣĲĬШċƚШ

ƖĲƚŔƚƣŔƻĲШƚƨƖŉċĦĲƚЯШċŰĬШƚƓĲĦŔĲƚШůŸƻĲůĲŰƣШŔƚШůŸĬĲũũĲĬШċƚШĦƨƖƖĲŰƣШǰŸƽЯШċũũŸƽŔŰŊШŉŸƖШƣőĲШ

ŔĬĲŰƣŔǯĦċƣŔŸŰШ ŸŉШ ůƨũƣŔƓũĲШ ƓċƣőƽċǃƚШ ċŰĬШ ƣőĲШ ƕƨċŰƣŔǯĦċƣŔŸŰШ ŸŉШ ĦŸŰŰĲĦƣŔƻŔƣǃШ ċĦƖŸƚƚШ

őĲƣĲƖŸŊĲŰĲŸƨƚШĲŰƻŔƖŸŰůĲŰƣƚЮ 

 

ÑőĲШůŸĬĲũШĲůƓũŸǃƚШċШŊƖċƓőрƣőĲŸƖĲƣŔĦċũШċƓƓƖŸċĦőШƣŸШƓƖĲĬŔĦƣШůŸƻĲůĲŰƣШƓċƣƣĲƖŰƚШċŰĬШĲƻċũƨċƣĲШ

őŸƽШũċŰĬƚĦċƓĲШŉĲċƣƨƖĲƚШŔŰǰƨĲŰĦĲШƚƓĲĦŔĲƚШĬŔƚƓĲƖƚċũШы9ƨƚőůċŰШĲƣШċũЮЯШΞΜΝΟьЮШÑőŔƚШċƓƓƖŸċĦőШŔƚШ

ƓċƖƣŔĦƨũċƖũǃШĲǭĲĦƣŔƻĲШĤĲĦċƨƚĲШŔƣШċĦĦŸƨŰƣƚШŉŸƖШĤŸƣőШĬŔƖĲĦƣШċŰĬШŔŰĬŔƖĲĦƣШƓċƣőƽċǃƚЯШƣőĲƖĲĤǃШ

ĦċƓƣƨƖŔŰŊШƣőĲШƖĲĬƨŰĬċŰĦǃШċŰĬШĦŸůƓũĲǂŔƣǃШŸŉШĲĦŸũŸŊŔĦċũШŰĲƣƽŸƖťƚШƣőċƣШƣƖċĬŔƣŔŸŰċũШũĲċƚƣрĦŸƚƣШ

ƓċƣőШůĲƣőŸĬƚШůċǃШŸƻĲƖũŸŸťЮ 

 

ÑőĲШƖĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲШƨƚĲĬШŔŰШƣőĲШůŸĬĲũШƽċƚШĦŸŰƚƣƖƨĦƣĲĬШĤǃШŔŰƣĲŊƖċƣŔŰŊШƚĲƻĲƖċũШĲĦŸũŸŊŔĦċũШ

ċŰĬШċŰƣőƖŸƓŸŊĲŰŔĦШƻċƖŔċĤũĲƚЮШÉƓĲĦŔǯĦċũũǃЯШƣőĲШŔŰƻĲƖƚĲШŸŉШŔŰĬŔƻŔĬƨċũШőċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃШůċƓƚШыΝШтШ

E ~ьШыÉƨŰŰǃШĲƣШċũЮЯШΞΜΞΞьШƽċƚШĦŸůĤŔŰĲĬШƽŔƣőШƚƓĲĦŔĲƚШƖŔĦőŰĲƚƚШůċƓƚЯШċƚШƽĲũũШċƚШĲŰƻŔƖŸŰůĲŰƣċũШ

ċŰĬШőƨůċŰрƖĲũċƣĲĬШŉċĦƣŸƖƚШŔŰĦũƨĬŔŰŊШĲũĲƻċƣŔŸŰЯШƚũŸƓĲЯШĬŔƚƣċŰĦĲШƣŸШƖŸċĬƚШыEƨĦũŔĬĲċŰШĬŔƚƣċŰĦĲьЯШ

ũċŰĬШĦŸƻĲƖЯШċŰĬШƓŸƓƨũċƣŔŸŰШĬĲŰƚŔƣǃЮШÑőĲШŔŰƻĲƖƚĲШŸŉШőċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃШƖĲǰĲĦƣƚШƣőĲШƖĲũċƣŔƻĲШ

ĬŔǭŔĦƨũƣǃШŸŉШůŸƻĲůĲŰƣШƽŔƣőŔŰШċШŊŔƻĲŰШũŸĦċƣŔŸŰЯШƽŔƣőШũŸƽĲƖШƚƨŔƣċĤŔũŔƣǃШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШőŔŊőĲƖШ

ƖĲƚŔƚƣċŰĦĲШы~ċƣĲŸрÉČŰĦőĲǍШĲƣШċũЮЯШΞΜΝΠьЮ 

 

9ŸŰŰĲĦƣŔƻŔƣǃШĦċũĦƨũċƣŔŸŰƚШƽĲƖĲШƓĲƖŉŸƖůĲĬШƨƚŔŰŊШŉŸĦċũШƓŸŔŰƣƚШŔŰШƓċŔƖƽŔƚĲШůŸĬĲũũŔŰŊШůŸĬĲЯШ

ƽőŔĦőШĲƚƣŔůċƣĲƚШĦƨƖƖĲŰƣШǰŸƽШĤĲƣƽĲĲŰШƓċŔƖƚШŸŉШőċĤŔƣċƣШƓċƣĦőĲƚШŸƖШƚƓĲĦŔĲƚШŸĦĦƨƖƖĲŰĦĲШƓŸŔŰƣƚЮШ

ÑőŔƚШċƓƓƖŸċĦőШċũũŸƽƚШŉŸƖШƣőĲШŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШĦƖŔƣŔĦċũШĦŸƖƖŔĬŸƖƚЯШĤŸƣƣũĲŰĲĦťƚЯШċŰĬШċƖĲċƚШŸŉШőŔŊőШ

 
2 Ecological connectivity can be defined as the degree of connection between the various natural 
environments present within a landscape. 
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ƖĲƚŔƚƣċŰĦĲШ ƣőċƣШ ůċǃШ ŔůƓĲĬĲШ ůŸƻĲůĲŰƣЮШ 7ǃШ ůŸĬĲũũŔŰŊШ ĦŸŰŰĲĦƣŔƻŔƣǃШ ŉŸƖШ ĲċĦőШ ƚƓĲĦŔĲƚШ

ŔŰĬŔƻŔĬƨċũũǃЯШƣőĲШċŰċũǃƚŔƚШƓƖŸƻŔĬĲƚШƚƓĲĦŔĲƚрƚƓĲĦŔǯĦШŔŰŉŸƖůċƣŔŸŰШŔŰƣŸШũċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃЯШ

ƽőŔũĲШ ċũƚŸШ őŔŊőũŔŊőƣŔŰŊШ ċƖĲċƚШ ŸŉШ ƓŸƣĲŰƣŔċũШ ůƨũƣŔрƚƓĲĦŔĲƚШ ŸƻĲƖũċƓШ ƣőċƣШ ċƖĲШ ŔůƓŸƖƣċŰƣШ ŉŸƖШ

ĦŸŰƚĲƖƻċƣŔŸŰШƓũċŰŰŔŰŊЮ 

 

ÅĲƚƨũƣƚ 

Landscape permeability refers to the levels or degrees to which a landscape allows for the 

movement of organisms, species, and ecological processes across it. These scales are often 

used in environmental and conservation studies to assess how well different species can 

move through a landscape that has been affected by human development, infrastructure, or 

other changes. 

 

Landscape permeability in the study region was generally low, with most species exhibiting 

permeability values below 0.5 on a scale from 0 (completely impermeable) to 1 (fully 

permeable). Across all species and the entire landscape, permeability values ranged from 

0.0625 to 0.3120, indicating that large portions of the region present limited permeability for 

animal movement. 

 

When permeability was examined at the species level, substantial variation among species 

was observed. The highest permeability values were recorded for M. temminckii, with values 

ranging from 0.5333 to 0.9380, indicating that this species experiences comparatively high 

landscape permeability and encounters fewer spatial constraints to movement. In contrast, 

most other species showed more restricted permeability patterns and reached considerably 

lower maximum values. Specifically, the maximum permeability values for the remaining 

species were 0.516 for Crocuta crocuta, 0.7342 for Hippotragus niger, 0.5928 for Kobus 

ellipsyprimnus, 0.5291 for Loxodonta africana, 0.5566 for Ourebia ourebi, 0.6650 for both 

Papio cynocephalus and Syncerus caffer, and 0.6129 for Redunca arundinum. Although some 

species locally reached moderate to high permeability values, these were spatially limited and 

did not represent the dominant condition across the landscape. 
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Overall, the results indicate that permeability is spatially heterogeneous and species-specific, 

with only a small number of taxa experiencing high permeability over substantial areas. For 

most species, movement across the landscape appears to be constrained, resulting in 

generally low permeability values across much of the region. This pattern is consistent with 

the predominantly hilly and topographically complex nature of the Gorongosa ecosystem, 

which is characterized by pronounced elevational gradients, rugged terrain, and a mosaic of 

land cover types that may restrict or channel animal movement. Taken together, these results 

suggest that the study area does not function as a uniformly permeable landscape for large 

mammals, but rather as a patchwork of areas with varying degrees of permeability, where only 

certain species (notably M. temminckii) are able to move relatively freely across a broader 

portion of the region. 

 

The generally low and spatially heterogeneous landscape permeability observed in the study 

area indicates that the region already imposes significant constraints on animal movement. 

This suggests that the rehabilitation of the N1 road is likely to have a disproportionate impact 

on ecological connectivity and wildlife movement, particularly for species with low 

permeability and limited movement alternatives. As a result, road impacts are expected to be 

spatially concentrated at specific corridors and pinch points, rather than uniformly 

distributed. These findings underscore the need for targeted, species-appropriate mitigation 

measures, including strategically placed wildlife crossing structures and carefully designed 

fencing, to reduce collision risk and maintain functional connectivity. The permeability maps 

developed in this study therefore provide a critical evidence base for identifying priority 

locations for mitigation and for guiding adaptive management throughout the project lifecycle. 
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[ŔŊƨƖĲШΟаШxċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃШċĦƖŸƚƚШƣőĲШfŰĦőŸƓĲр9ċŔċШƖŸċĬШƖĲőċĤŔũŔƣċƣŔŸŰШƓƖŸŢĲĦƣЮШÑőĲШƚĦċũĲШƚőŸƨũĬШĤĲШ
ĦŸŰƚŔĬĲƖĲĬШĤĲƣƽĲĲŰШΜШċŰĬШΝЮШ ШΡťůШĤƨǭĲƖШƽċƚШĦŸŰƚŔĬĲƖĲĬЮ 
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ÑőĲШǯƖƚƣШƚĲĦƣŔŸŰШŸŉШƣőĲШƖŸċĬШыfŰĦőŸƓĲт]ŸƖŸŰŊŸƚċЯШťůШΜтΤΜьШŔƚШĦőċƖċĦƣĲƖŔƚĲĬШĤǃШƣőĲШƓƖĲƚĲŰĦĲШ

ŸŉШƚŔŊŰŔǯĦċŰƣШőƨůċŰШƚĲƣƣũĲůĲŰƣƚШċŰĬШőŔŊőШƣƖċǭŔĦШƻŸũƨůĲƚЯШƽőŔĦőШƣŸŊĲƣőĲƖШŔŰĦƖĲċƚĲШƣőĲШƖŔƚťШŸŉШ

ƽŔũĬũŔŉĲтƻĲőŔĦũĲШĦŸũũŔƚŔŸŰƚШċĦƖŸƚƚШċũũШƚƓĲĦŔĲƚЮШÑőŔƚШƖŔƚťШŔƚШƓċƖƣŔĦƨũċƖũǃШƓƖŸŰŸƨŰĦĲĬШƽőĲƖĲШƣőĲШ

ƖŸċĬШŔŰƣĲƖƚĲĦƣƚШƣőĲШĤƨǭĲƖШǍŸŰĲШŸŉШ]ŸƖŸŰŊŸƚċШ ċƣŔŸŰċũШÂċƖťШы] ÂьЮШfŰШƣőĲƚĲШċƖĲċƚЯШƣőĲШŸƻĲƖũċƓШ

ĤĲƣƽĲĲŰШƽŔũĬũŔŉĲШůŸƻĲůĲŰƣШċŰĬШŔŰƣĲŰƚĲШőƨůċŰШċĦƣŔƻŔƣǃШĦƖĲċƣĲƚШĦŸŰĬŔƣŔŸŰƚШĦŸŰĬƨĦŔƻĲШƣŸШ

ĦŸŰǰŔĦƣЯШĲƚƓĲĦŔċũũǃШŉŸƖШƚƓĲĦŔĲƚШƚƨĦőШċƚШőċƖƣĲĤĲĲƚƣШыũĦĲũċƓőƨƚЮĤƨƚĲũċƓőƨƚьЯШƚċĤũĲШċŰƣĲũŸƓĲШ

ыcŔƓƓŸƣƖċŊƨƚЮŰŔŊĲƖьЯШƽċƣĲƖĤƨĦťШыuŸĤƨƚЮĲũũŔƓƚŔƓƖǃůŰƨƚьЯШƓċŰŊŸũŔŰШыÉůƨƣƚŔċЮƣĲůůŔŰĦťŔŔьЯШċŰĬШ

ŸƖŔĤŔШы§ƨƖĲĤŔċЮŸƨƖĲĤŔьЯШƽőŔĦőШĲǂőŔĤŔƣШůŸĬĲƖċƣĲШƣŸШőŔŊőШƓĲƖůĲċĤŔũŔƣǃШċŰĬШċƖĲШƣőĲƖĲŉŸƖĲШůŸƖĲШ

ũŔťĲũǃШƣŸШĲŰĦŸƨŰƣĲƖШƣőĲШƖŸċĬЮ 

 

ÑőĲШƚĲĦŸŰĬШƚĲĦƣŔŸŰШŸŉШƣőĲШƖŸċĬШы]ŸƖŸŰŊŸƚċт9ċŔċЯШťůШΤΜтΥΠьШƓƖĲƚĲŰƣƚШċШĦŸůƓċƖċƣŔƻĲũǃШũŸƽĲƖШ

ƖŔƚťШŉŸƖШƽŔũĬũŔŉĲтƻĲőŔĦũĲШŔŰƣĲƖċĦƣŔŸŰƚЮШÑőŔƚШƚĲŊůĲŰƣШƣƖċƻĲƖƚĲƚШċШƚũŔŊőƣũǃШĲũĲƻċƣĲĬШċƖĲċШĲǂƣĲŰĬŔŰŊШ

ŉƖŸůШƣőĲШ~ŸƨŰƣШ]ŸƖŸŰŊŸƚċШƓũċƣĲċƨЯШƽőŔĦőШċƓƓĲċƖƚШƣŸШĤĲШũĲƚƚШŉċƻŸƨƖċĤũĲШŉŸƖШƽŔũĬũŔŉĲШůŸƻĲůĲŰƣШ

ċŰĬШĦƖŸƚƚŔŰŊƚЯШũŔťĲũǃШĬƨĲШƣŸШŔŰĦƖĲċƚĲĬШĲŰĲƖŊĲƣŔĦШĦŸƚƣƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣƖċƻĲƖƚŔŰŊШƚƣĲĲƓĲƖШŸƖШ

ůŸƖĲШƖƨŊŊĲĬШƣĲƖƖċŔŰЮШ ƚШċШƖĲƚƨũƣЯШŸƻĲƖċũũШĦƖŸƚƚŔŰŊШƓƖŸĤċĤŔũŔƣǃШŔŰШƣőŔƚШƚĲĦƣŔŸŰШŔƚШƖĲĬƨĦĲĬЮШ

 ĲƻĲƖƣőĲũĲƚƚЯШƚŸůĲШƖŔƚťШƖĲůċŔŰƚЯШƓċƖƣŔĦƨũċƖũǃШŉŸƖШƽŔĬĲрƖċŰŊŔŰŊШċŰĬШůŸĤŔũĲШƚƓĲĦŔĲƚШƚƨĦőШċƚШ

ĲũĲƓőċŰƣƚШ ыxŸǂŸĬŸŰƣċЮ ċŉƖŔĦċŰċьЯШ ŉƖŔĦċŰШ ƽŔũĬШ ĬŸŊƚШ ыxǃĦċŸŰЮ ƓŔĦƣƨƚьЯШ ƓċŰŊŸũŔŰƚШ ыÉůƨƣƚŔċЮ

ƣĲůůŔŰĦťŔŔьЯШ ŸƖŔĤŔШ ы§ƨƖĲĤŔċЮ ŸƨƖĲĤŔьЯШ ƽċƖƣőŸŊƚШ ыÂőċĦŸĦőŸĲƖƨƚЮ ċŉƖŔĦċŰƨƚьЯШ ċŰĬШ ƖĲĲĬĤƨĦťШ

ыÅĲĬƨŰĦċЮċƖƨŰĬŔŰƨůьЯШċũƣőŸƨŊőШƣőŔƚШƖŔƚťШŔƚШũŔůŔƣĲĬШƣŸШċШƖĲũċƣŔƻĲũǃШƚůċũũШƓƖŸƓŸƖƣŔŸŰШŸŉШƣőĲШ

ũċŰĬƚĦċƓĲЮ 

 

ÑőĲШƣőŔƖĬШƚĲĦƣŔŸŰШŸŉШƣőĲШƖŸċĬШы]ŸƖŸŰŊŸƚċт9ċŔċЯШťůШΥΠтΝΣΥьШƖĲƕƨŔƖĲƚШƓċƖƣŔĦƨũċƖШċƣƣĲŰƣŔŸŰЯШċƚШŔƣШ

ũċƖŊĲũǃШĦŸŔŰĦŔĬĲƚШƽŔƣőШƣőĲШ] ÂШĤƨǭĲƖШǍŸŰĲШċŰĬШƣőĲƖĲŉŸƖĲШŔŰƣĲƖƚĲĦƣƚШċƖĲċƚШŸŉШőŔŊőШĲĦŸũŸŊŔĦċũШ

ŔůƓŸƖƣċŰĦĲШċŰĬШƽŔũĬũŔŉĲШƨƚĲЮШìŔƣőŔŰШƣőŔƚШƚĲĦƣŔŸŰЯШƣőĲШǯƖƚƣШΝΜШťůШƖĲƓƖĲƚĲŰƣШċШƓƖŔŸƖŔƣǃШǍŸŰĲШƽőĲƖĲШ

ĲŰőċŰĦĲĬШƓƖŸƣĲĦƣŔŸŰШċŰĬШůŔƣŔŊċƣŔŸŰШůĲċƚƨƖĲƚШċƖĲШŰĲĦĲƚƚċƖǃШƣŸШƖĲĬƨĦĲШƣőĲШƖŔƚťШŸŉШƽŔũĬũŔŉĲт

ƻĲőŔĦũĲШĦŸũũŔƚŔŸŰƚЮШ~ŸƖĲŸƻĲƖЯШĲƻĲŰШċŉƣĲƖШƣőĲШ ΝШĦŸƖƖŔĬŸƖШĲǂŔƣƚШƣőĲШĤƨǭĲƖШǍŸŰĲЯШĲũĲƻċƣĲĬШƖŔƚťШ

ƓĲƖƚŔƚƣƚШŉŸƖШċƓƓƖŸǂŔůċƣĲũǃШƣőĲШƚƨĤƚĲƕƨĲŰƣШΝΜШťůЯШŔŰĬŔĦċƣŔŰŊШƣőċƣШċĬĬŔƣŔŸŰċũШƓƖĲĦċƨƣŔŸŰċƖǃШ

ůĲċƚƨƖĲƚШƖĲůċŔŰШƽċƖƖċŰƣĲĬШĤĲǃŸŰĬШƣőĲШŉŸƖůċũШĤŸƨŰĬċƖǃШŸŉШƣőĲШƓƖŸƣĲĦƣĲĬШċƖĲċШƣŸШĲŰƚƨƖĲШ

ĦŸŰƣŔŰƨĲĬШƚċŉĲƣǃШŉŸƖШĤŸƣőШƽŔũĬũŔŉĲШċŰĬШƖŸċĬШƨƚĲƖƚЮ 
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ÑőĲШƚƓċƣŔċũũǃШĬŔǭĲƖĲŰƣŔċƣĲĬШƖŔƚťШƓċƣƣĲƖŰƚШŔĬĲŰƣŔǯĲĬШċũŸŰŊШƣőĲШ ΝШŔŰĬŔĦċƣĲШƣőċƣШƣőĲШĲĦŸũŸŊŔĦċũШ

ŔůƓċĦƣƚШŸŉШƣőĲШƖŸċĬШƖĲőċĤŔũŔƣċƣŔŸŰШƽŔũũШŰŸƣШĤĲШƨŰŔŉŸƖůЯШĤƨƣШĦŸŰĦĲŰƣƖċƣĲĬШŔŰШƚƓĲĦŔǯĦШƚĲŊůĲŰƣƚЯШ

ƓċƖƣŔĦƨũċƖũǃШƽőĲƖĲШƣőĲШƖŸċĬШŔŰƣĲƖƚĲĦƣƚШƣőĲШ]ŸƖŸŰŊŸƚċШ ċƣŔŸŰċũШÂċƖťШĤƨǭĲƖШǍŸŰĲШċŰĬШċĬŢċĦĲŰƣШ

őŔŊőрƓĲƖůĲċĤŔũŔƣǃШċƖĲċƚЮШÑőĲƚĲШƚĲŊůĲŰƣƚШĦŸŔŰĦŔĬĲШƽŔƣőШƚŸůĲШċĦƣŔƻĲШƽŔũĬũŔŉĲШůŸƻĲůĲŰƣШċŰĬШ

ŔŰƻŸũƻĲШƚƓĲĦŔĲƚШŸŉШőŔŊőШĲĦŸũŸŊŔĦċũШċŰĬШĦŸŰƚĲƖƻċƣŔŸŰШŔůƓŸƖƣċŰĦĲЯШŔůƓũǃŔŰŊШċШŰŸŰрŰĲŊũŔŊŔĤũĲШƖŔƚťШ

ŸŉШ ŔŰĦƖĲċƚĲĬШ ƽŔũĬũŔŉĲШ ůŸƖƣċũŔƣǃЯШ ĬŔƚƖƨƓƣŔŸŰШ ŸŉШůŸƻĲůĲŰƣЯШ ċŰĬШ ŉƨŰĦƣŔŸŰċũШ ŉƖċŊůĲŰƣċƣŔŸŰЮШ

9ŸŰƚĲƕƨĲŰƣũǃЯШůŔƣŔŊċƣŔŸŰШůĲċƚƨƖĲƚШůƨƚƣШĤĲШƚƓċƣŔċũũǃШƣċƖŊĲƣĲĬШċŰĬШƚƓĲĦŔĲƚрċƓƓƖŸƓƖŔċƣĲЯШƖċƣőĲƖШ

ƣőċŰШ ƨŰŔŉŸƖůũǃШ ċƓƓũŔĲĬШ ċũŸŰŊШ ƣőĲШ ĦŸƖƖŔĬŸƖЮШ ÑőĲШ ƖĲƚƨũƣƚШ ƚƨƓƓŸƖƣШ ƣőĲШ ƓƖŔŸƖŔƣŔƚċƣŔŸŰШ ŸŉШ

ƓƖĲĦċƨƣŔŸŰċƖǃШ ůĲċƚƨƖĲƚШ ċŰĬШ ůŸŰŔƣŸƖŔŰŊЮШ §ƻĲƖċũũЯШ ƣőĲШ ǯŰĬŔŰŊƚШ ŔŰĬŔĦċƣĲШ ƣőċƣШ ƣőĲШ ƖŸċĬШ

ƖĲőċĤŔũŔƣċƣŔŸŰШĬŸĲƚШŰŸƣШĦŸŰƚƣŔƣƨƣĲШċŰШĲĦŸũŸŊŔĦċũũǃШƚĲŰƚŔƣŔƻĲШŔŰƣĲƖƻĲŰƣŔŸŰШƣőċƣШŰĲĦĲƚƚŔƣċƣĲƚШőċƖĬШ

ĲŰŊŔŰĲĲƖŔŰŊШĤƨƣШƖċƣőĲƖШƓƖŸċĦƣŔƻĲЯШƣċƖŊĲƣĲĬЯШċŰĬШċĬċƓƣŔƻĲШůŔƣŔŊċƣŔŸŰШƣŸШĲŰƚƨƖĲШƣőċƣШŔůƓċĦƣƚШŸŰШ

ƽŔũĬũŔŉĲШůŸƻĲůĲŰƣШċŰĬШƚƨƖƻŔƻċũШċƖĲШĲǭĲĦƣŔƻĲũǃШůŔŰŔůŔƚĲĬЮ 

 

9ŸŰƚĲƖƻċƣŔŸŰШċŰĬШĦŸŰƚƣƖƨĦƣŔŸŰШŔůƓũŔĦċƣŔŸŰƚ 

The existing N1 road within the Gorongosa ecosystem is currently in poor condition, which 

limits vehicle speeds and constrains traffic flow between southern and northern Mozambique. 

This low level of service has the incidental effect of reducing the frequency and severity of 

wildlifeтvehicle collisions, as slower speeds allow drivers more time to react and reduce 

collision lethality. However, it also restricts economic and social connectivity along the 

corridor. The proposed rehabilitation aims to improve road surface quality, safety, and 

reliability, thereby enabling smoother and more efficient transport of people and goods. 

 

As the road already exists, the rehabilitation will not introduce a new linear barrier into the 

landscape and therefore does not create new fragmentation in a structural sense. 

Nevertheless, rehabilitation is expected to alter the functional characteristics of the road by 

increasing average vehicle speeds, improving traffic flow, and potentially attracting higher 

traffic volumes. These changes may increase the probability of wildlifeтvehicle collisions and 

elevate disturbance levels along the corridor, particularly in ecologically sensitive areas and 

where wildlife movement overlaps with the road. The primary ecological impact of the project 

is therefore not the creation of a new barrier, but the potential intensification of its barrier and 

mortality effects. 



Environmental and Social Assessment for the Safer Roads for Socioeconomic Integration in Mozambique ï Multiphase 
Programmatic Approach 
  
Environmental and Social Impact Assessment : VOLUME 2B - MAIN REPORT 

                          28                                                                  July 2026 

The permeability analysis indicates that the surrounding landscape is relatively flat and lacks 

strongly defined movement corridors that would concentrate animal crossings at specific, 

narrow locations. Instead, wildlife movement appears to be spatially diffuse, with multiple 

low-intensity crossing points rather than a small number of dominant corridors.  In this 

context, the construction of large wildlife overpasses or underpasses is unlikely to be 

ecologically efficient or cost-effective, as such structures are most beneficial where animal 

movement is naturally channelled through predictable pinch points. Moreover, the installation 

of continuous fencing along the road could further restrict animal movement, exacerbate 

functional fragmentation, and interfere with natural ranging behaviour, particularly for wide-

ranging species. 

 

These findings suggest that the most appropriate mitigation strategy is not heavy structural 

intervention, but targeted, proportionate, and adaptive measures aimed at managing 

incremental risk. Such measures include locally reduced speed limits in high-risk sections, 

wildlife warning signage, driver awareness campaigns, improved night-time visibility, and the 

systematic monitoring of wildlifeтvehicle collisions. These interventions address the principal 

mechanism of impact, increased collision risk due to higher vehicle speeds, while maintaining 

overall landscape permeability and avoiding unnecessary physical barriers. 

 

Taken together, the results indicate that the rehabilitation of the N1 represents an ecologically 

sensitive modification of an existing infrastructure rather than a fundamentally new 

disturbance. While the project does not introduce new fragmentation, it may increase 

functional impacts on wildlife through changes in traffic dynamics. Accordingly, mitigation 

should focus on managing these incremental effects in a spatially targeted manner, 

particularly near the Gorongosa National Park buffer zone and other areas of elevated wildlife 

presence. This approach ensures that the rehabilitation achieves its socio-economic 

objectives while maintaining ecological safeguards and minimizing unintended impacts on 

wildlife movement and survival. 

 

The rehabilitation of the N1 road through the Gorongosa ecosystem is expected to modify 

traffic dynamics, particularly by increasing vehicle speeds and improving traffic flow. While 
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this will enhance transport efficiency, it may also increase the risk of wildlifeтvehicle collisions 

and disturbance to wildlife, especially in ecologically sensitive areas and where wildlife 

movement intersects the road. To minimise these incremental impacts while maintaining 

landscape permeability, a set of targeted, non-structural and low-intrusion mitigation 

measures is proposed: 

 

¶ Speed management and traffic calming - reducing vehicle speed in high-risk sections 

is one of the most effective measures to decrease both the likelihood and severity of 

wildlifeтvehicle collisions. Locally reduced speed limits should be implemented in 

areas of elevated ecological sensitivity, particularly where the road intersects the 

Gorongosa National Park buffer zone and adjacent high-permeability areas. These 

speed limits should be supported by appropriate road signage, physical speed-calming 

elements where feasible (e.g. rumble strips or optical speed reduction markings), and 

enforcement measures to ensure compliance. Lower speeds not only reduce collision 

probability but also increase driver reaction time and significantly decrease wildlife 

mortality rates. 

 

¶ Wildlife warning signage and driver awareness - Targeted wildlife warning signs should 

be installed in sections identified as having elevated collision risk. These signs should 

be species-specific where possible (e.g. elephant or antelope silhouettes) and placed 

strategically in advance of known or predicted crossing zones. In addition, driver 

awareness campaigns у including informational materials at toll points, service 

stations, or through transport operators у can further increase driver vigilance, 

particularly during peak wildlife movement periods such as dawn, dusk, and seasonal 

migration periods. 

 

¶ Road design and visibility enhancements - Improving driver visibility reduces collision 

risk, especially at night and in areas with vegetation close to the road. Vegetation 

should be managed along the road verge to prevent tall grasses or shrubs from 

obscuring animals approaching the road. Where feasible, improved road lighting at 

critical crossing areas can enhance driver detection of animals without creating 
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excessive disturbance to wildlife. Reflective road markings and delineators can also 

help drivers anticipate potential hazards. 

 

¶ Monitoring and adaptive management - a structured wildlifeтvehicle collision 

monitoring programme should be established before and after rehabilitation. This 

programme should include systematic carcass surveys, incident reporting by road 

maintenance staff, and collaboration with park authorities and local communities. 

Monitoring results should be reviewed regularly to assess the effectiveness of 

mitigation measures and to identify emerging hotspots. If collision rates increase or 

shift spatially, mitigation measures should be adapted accordingly, for example by 

extending speed-reduced zones or adding signage in newly identified risk areas. 

 

¶ Avoidance of extensive fencing and major crossing structures - given the relatively flat 

terrain in most parts of the area and the absence of strongly concentrated wildlife 

movement corridors, large wildlife overpasses or underpasses are not considered 

necessary or cost-effective in this context. Similarly, continuous fencing along the road 

is not recommended, as it could further restrict animal movement, exacerbate 

functional fragmentation, and interfere with natural ranging behaviour. The proposed 

approach therefore prioritises maintaining landscape permeability while managing 

collision risk through behavioural and operational measures rather than physical 

barriers. 
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ÅĲŉĲƖĲŰĦĲƚ 

ĬƖŔċĲŰƚĲŰЯШ[ЮЯШsЮÂЮШ9őċƖĬŸŰЯШ]ЮШ?ĲШ7ũƨƚƣЯШEЮШÉƽŔŰŰĲŰЯШÉЮШéŔũũċũĤċЯШcЮШ]ƨũŔŰĦťЯШċŰĬШEЮШ~ċƣƣőǃƚĲŰШ

ыΞΜΜΟьЮШÑőĲШċƓƓũŔĦċƣŔŸŰШŸŉШљũĲċƚƣрĦŸƚƣњШůŸĬĲũũŔŰŊШċƚШċШŉƨŰĦƣŔŸŰċũШũċŰĬƚĦċƓĲШůŸĬĲũЮШ

xċŰĬƚĦċƓĲШċŰĬШÖƖĤċŰШÂũċŰŰŔŰŊЮШΣΠаШΞΟΟтΞΠΤЮ 

ŔĲũũŸрxċůůĲŰƚЯШ~ЮШEЮЯШ7ŸƖŔċЯШÅЮШ ЮЯШÅċĬŸƚċƻũŢĲƻŔĦЯШ ЮЯШéŔũĲũċЯШ7ЮЯШѼШ ŰĬĲƖƚŸŰЯШÅЮШÂЮШыΞΜΝΡьЮШ

ƚƓÑőŔŰаШ ŰШÅШƓċĦťċŊĲШŉŸƖШƚƓċƣŔċũШƣőŔŰŰŔŰŊШŸŉШƚƓĲĦŔĲƚШŸĦĦƨƖƖĲŰĦĲШƖĲĦŸƖĬƚШŉŸƖШƨƚĲШŔŰШ

ĲĦŸũŸŊŔĦċũШŰŔĦőĲШůŸĬĲũƚЮШEĦŸŊƖċƓőǃЯШΟΥыΡьЯШΡΠΝтΡΠΡЮ 

9ĲŰƣĲƖШŉŸƖШfŰƣĲƖŰċƣŔŸŰċũШEċƖƣőШÉĦŔĲŰĦĲШfŰŉŸƖůċƣŔŸŰШ ĲƣƽŸƖťШрШ9fEÉf ШрШ9ŸũƨůĤŔċШÖŰŔƻĲƖƚŔƣǃЯШ

ċŰĬШfŰŉŸƖůċƣŔŸŰШÑĲĦőŰŸũŸŊǃШ§ƨƣƖĲċĦőШÉĲƖƻŔĦĲƚШрШfÑ§ÉШрШÖŰŔƻĲƖƚŔƣǃШŸŉШ]ĲŸƖŊŔċЮШΞΜΝΟЮШ

]ũŸĤċũШÅŸċĬƚШ§ƓĲŰШ ĦĦĲƚƚШ?ċƣċШÉĲƣЯШéĲƖƚŔŸŰШΝШыŊÅ§ ?ÉƻΝьЮШÂċũŔƚċĬĲƚЯШ ĲƽШòŸƖťаШ  ÉШ

ÉŸĦŔŸĲĦŸŰŸůŔĦШ ?ċƣċШ ċŰĬШ ƓƓũŔĦċƣŔŸŰƚШ 9ĲŰƣĲƖШ ыÉE? 9ьЮШ

őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΤΦΞΤоcΠé?Σì9ÑЮШ ĦĦĲƚƚĲĬШΝΡЯШ ƨŊƨƚƣЯШΞΜΞΠЮ 

9ƨƚőůċŰЯШÉЮШ ЮЯШ~ĦÅċĲЯШ7ЮШcЮЯШѼШ~Ħ]ċƖŔŊċũЯШuЮШыΞΜΝΟьЮШxċŰĬƚĦċƓĲШĦŸŰŰĲĦƣŔƻŔƣǃаШ ШŊƖċƓőр

ƣőĲŸƖĲƣŔĦШƓĲƖƚƓĲĦƣŔƻĲЮШfŰаШ9ŸŰŰĲĦƣŔƻŔƣǃШ9ŸŰƚĲƖƻċƣŔŸŰШыƓƓЮШΝΞΦтΝΡΜьЮШ9ċůĤƖŔĬŊĲШÖŰŔƻĲƖƚŔƣǃШ

ÂƖĲƚƚЮ 

9ƨƚőůċŰЯШÉЮ ЮбШ~ĦÅċĲЯШ7ЮбШ ĬƖŔċŰƚĲŰЯШ[ЮбШ7ĲŔĲƖЯШÂЮбШÉőŔƖũĲǃЯШ~ЮбШÉĲũũĲƖЯШuЮШыΞΜΝΟьЮШ7ŔŸũŸŊŔĦċũШ

ĦŸƖƖŔĬŸƖƚШ ċŰĬШ ĦŸŰŰĲĦƣŔƻŔƣǃЮШ fŰЮШ ~ċĦĬŸŰċũĬЯШ ?ЮìЮбШ ìŔũũŔƚЯШ uЮsЮьШ ыEĬƚЮьЮШ uĲǃШ ƣŸƓŔĦƚШ ŔŰШ

ĦŸŰƚĲƖƻċƣŔŸŰШĤŔŸũŸŊǃШΞЮШcŸĤŸťĲŰЯШ sаШìŔũĲǃр7ũċĦťƽĲũũЯШƓƓЮШΟΥΠрΠΜΠЮ 

EũŔƣőЯШsЮЯШѼШxĲċƣőƽŔĦťЯШsЮШÅЮШыΞΜΜΦьЮШÉƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰШůŸĬĲũƚаШĲĦŸũŸŊŔĦċũШĲǂƓũċŰċƣŔŸŰШċŰĬШ

ƓƖĲĬŔĦƣŔŸŰШċĦƖŸƚƚШƚƓċĦĲШċŰĬШƣŔůĲЮШ ŰŰƨċũШÅĲƻŔĲƽШŸŉШEĦŸũŸŊǃЯШEƻŸũƨƣŔŸŰЯШċŰĬШÉǃƚƣĲůċƣŔĦƚЯШ

ΠΜЯШΣΤΤтΣΦΤЮ 

EũŔƣőЯШsЮЯШÂőŔũũŔƓƚЯШÉЮШsЮЯШcċƚƣŔĲЯШÑЮЯШ?ƨĬŖťЯШ~ЮЯШ9őĲĲЯШòЮШEЮЯШѼШòċƣĲƚЯШ9ЮШsЮШыΞΜΝΝьЮШ ШƚƣċƣŔƚƣŔĦċũШ

ĲǂƓũċŰċƣŔŸŰШŸŉШ~ċǂĲŰƣШŉŸƖШĲĦŸũŸŊŔƚƣƚЮШ?ŔƻĲƖƚŔƣǃШċŰĬШ?ŔƚƣƖŔĤƨƣŔŸŰƚЯШΝΤыΝьЯШΠΟрΡΤЮ 

[ƖċŰťũŔŰЯШsЮШыΞΜΝΜьЮШ~ċƓƓŔŰŊШƚƓĲĦŔĲƚШĬŔƚƣƖŔĤƨƣŔŸŰƚаШÉƓċƣŔċũШŔŰŉĲƖĲŰĦĲШċŰĬШƓƖĲĬŔĦƣŔŸŰЮШ9ċůĤƖŔĬŊĲШ

ÖŰŔƻĲƖƚŔƣǃШÂƖĲƚƚЮ 

]ƨŔƚċŰЯШ ЮЯШѼШüŔůůĲƖůċŰŰЯШ ЮШEЮШыΞΜΜΜьЮШÂƖĲĬŔĦƣŔƻĲШőċĤŔƣċƣШĬŔƚƣƖŔĤƨƣŔŸŰШůŸĬĲũƚШŔŰШĲĦŸũŸŊǃЮШ

EĦŸũŸŊŔĦċũШ~ŸĬĲũũŔŰŊЯШΝΟΡыΞтΟьЯШΝΠΤтΝΥΣЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоÉΜΟΜΠрΟΥΜΜыΜΜьΜΜΟΡΠр

Φ 

uŸƣƣЯШsЮШыΞΜΞΞьЮШÅĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲƚШċŰĬШĦŸŰŰĲĦƣŔƻŔƣǃШůŸĬĲũũŔŰŊШŔŰШĦŸŰƚĲƖƻċƣŔŸŰШƓũċŰŰŔŰŊЮШ

EĦŸũŸŊŔĦċũШ~ŸĬĲũũŔŰŊЯШΠΣΥЯШΝΜΦΦΥΠЮ 
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uŸƣƣЯШÂЮШÉЮШыΞΜΞΞьЮШÑőĲШƖŸũĲШŸŉШƽĲŔŊőƣƚШŔŰШƖĲŊƖĲƚƚŔŸŰШůŸĬĲũŔŰŊШċŰĬШŔůƓƨƣċƣŔŸŰЮШÅÑfШÂƖĲƚƚШ

ÂƨĤũŔĦċƣŔŸŰШ  ŸЮШ ~ÅрΜΜΠΤрΞΞΜΟЮШ ÅĲƚĲċƖĦőШ ÑƖŔċŰŊũĲШ ÂċƖťЯШ  9аШ ÅÑfШ ÂƖĲƚƚЮШ ?§fаШ

őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΟΤΣΥоƖƣŔƓƖĲƚƚЮΞΜΞΞЮůƖЮΜΜΠΤЮΞΞΜΟЮ 

xĲőŰĲƖЯШ7ЮЯШ]ƖŔũũШ]ЮШыΞΜΝΟьЮШ]ũŸĤċũШƖŔƻĲƖШőǃĬƖŸŊƖċƓőǃШċŰĬШŰĲƣƽŸƖťШƖŸƨƣŔŰŊаШĤċƚĲũŔŰĲШĬċƣċШċŰĬШŰĲƽШ

ċƓƓƖŸċĦőĲƚШƣŸШƚƣƨĬǃШƣőĲШƽŸƖũĬќƚШũċƖŊĲШƖŔƻĲƖШƚǃƚƣĲůƚЮШcǃĬƖŸũŸŊŔĦċũШÂƖŸĦĲƚƚĲƚЯШΞΤыΝΡьаШ

ΞΝΤΝтΞΝΥΣЮ őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоőǃƓЮΦΤΠΜ 

~ċƣĲŸШÉČŰĦőĲǍЯШ~ЮШ9ЮЯШ9ƨƚőůċŰЯШÉЮШ ЮЯШѼШÉċƨƖċЯШÉЮШыΞΜΝΣьЮШÉĦċũĲШĬĲƓĲŰĬĲŰĦĲШŔŰШőċĤŔƣċƣШ

ƚĲũĲĦƣŔŸŰаШÑőĲШĦċƚĲШŸŉШƣőĲШĲŰĬċŰŊĲƖĲĬШĤƖŸƽŰШĤĲċƖШыÖƖƚƨƚШċƖĦƣŸƚьШŔŰШƣőĲШ9ċŰƣċĤƖŔċŰШÅċŰŊĲШ

ы ìШÉƓċŔŰьЮШfŰƣĲƖŰċƣŔŸŰċũШsŸƨƖŰċũШŸŉШ]ĲŸŊƖċƓőŔĦċũШfŰŉŸƖůċƣŔŸŰШÉĦŔĲŰĦĲЯШΞΥыΥьЯШΝΡΟΝт

ΝΡΠΣЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΥΜоΝΟΣΡΥΥΝΣЮΞΜΝΟЮΤΤΞΝΥΠЮ 

~ċƣĲŸрÉČŰĦőĲǍЯШ~ЮШ9ЮЯШ7ċũťĲŰőŸũЯШ ЮЯШ9ƨƚőůċŰЯШÉЮШ ЮЯШÂĳƖĲǍЯШÑЮЯШѼШ?ŸůŖŰŊƨĲǍЯШ ЮШыΞΜΝΠьЮШШ

ĦŸůƓċƖċƣŔƻĲШŉƖċůĲƽŸƖťШƣŸШŔŰŉĲƖШũċŰĬƚĦċƓĲШĲǭĲĦƣƚШŸŰШƓŸƓƨũċƣŔŸŰШŊĲŰĲƣŔĦШƚƣƖƨĦƣƨƖĲаШ ƖĲШ

őċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃШůŸĬĲũƚШĲǭĲĦƣŔƻĲШŔŰШĲǂƓũċŔŰŔŰŊШŊĲŰĲШǰŸƽеШxċŰĬƚĦċƓĲШEĦŸũŸŊǃЯШΟΜыΥьЯШ

ΝΠΜΡтΝΠΞΜЮ 

~ČƣĲŸрÉČŰĦőĲǍЯШ ~Ю9ЮбШ 9ƨƚőůċŰЯШ ÉЮ ЮбШ ÉċƨƖċЯШ ÉЮбШ 9ŸŰŰĲĦƣŔŰŊШ ĲŰĬċŰŊĲƖĲĬШ ĤƖŸƽŰШ ĤĲċƖШ

ƚƨĤƓŸƓƨũċƣŔŸŰƚШŔŰШƣőĲШ9ċŰƣċĤƖŔċŰШƖċŰŊĲШыŰŸƖƣőрƽĲƚƣĲƖŰШÉƓċŔŰьЮШ ŰŔůċũШ9ŸŰƚĲƖƻċƣŔŸŰШ

ΝΤыΡьаШΠΟΜрΠΠΜЮ 

~ĦÅċĲЯШ7ЮШcЮШыΞΜΜΣьЮШfƚŸũċƣŔŸŰШĤǃШƖĲƚŔƚƣċŰĦĲЮШEƻŸũƨƣŔŸŰЯШΣΜыΥьЯШΝΡΡΝтΝΡΣΝЮ 

~ĦÅċĲЯШ7ЮШcЮЯШѼШ7ĲŔĲƖЯШÂЮШыΞΜΜΤьЮШ9ŔƖĦƨŔƣШƣőĲŸƖǃШƓƖĲĬŔĦƣƚШŊĲŰĲШǰŸƽШŔŰШƓũċŰƣШċŰĬШċŰŔůċũШ

ƓŸƓƨũċƣŔŸŰƚЮШÂƖŸĦĲĲĬŔŰŊƚШŸŉШƣőĲШ ċƣŔŸŰċũШ ĦċĬĲůǃШŸŉШÉĦŔĲŰĦĲƚЯШΝΜΠыΡΜьЯШΝΦΥΥΡтΝΦΥΦΜЮ 

~ĦÅċĲЯШ7ЮШcЮЯШ?ŔĦťƚŸŰЯШ7ЮШ]ЮЯШuĲŔƣƣЯШÑЮШcЮЯШѼШÉőċőЯШéЮШ7ЮШыΞΜΜΥьЮШÖƚŔŰŊШĦŔƖĦƨŔƣШƣőĲŸƖǃШƣŸШůŸĬĲũШ

ĦŸŰŰĲĦƣŔƻŔƣǃШŔŰШĲĦŸũŸŊǃЯШĲƻŸũƨƣŔŸŰЯШċŰĬШĦŸŰƚĲƖƻċƣŔŸŰЮШEĦŸũŸŊǃЯШΥΦыΝΜьЯШΞΤΝΞтΞΤΞΠЮ 

~ĦÅċĲЯШ7ЮШcЮЯШÉőċőЯШéЮШ7ЮЯШѼШ~ŸőċƓċƣƖċЯШÑЮШuЮШыΞΜΝΣьЮШ9ŔƖĦƨŔƣƚĦċƓĲШΠШÖƚĲƖШ]ƨŔĬĲЮШÑőĲШ ċƣƨƖĲШ

9ŸŰƚĲƖƻċŰĦǃЮ 

~ĦÅċĲЯШ 7ЮcЮЯШ éЮ7ЮШ ÉőċőЯШ ċŰĬШ ЮШ EĬĲũůċŰШ ыΞΜΝΣьЮШ 9ŔƖĦƨŔƣƚĦċƓĲаШ ~ŸĬĲũŔŰŊШ xċŰĬƚĦċƓĲШ

9ŸŰŰĲĦƣŔƻŔƣǃШƣŸШÂƖŸůŸƣĲШ9ŸŰƚĲƖƻċƣŔŸŰШċŰĬШcƨůċŰШcĲċũƣőЮШÑőĲШ ċƣƨƖĲШ9ŸŰƚĲƖƻċŰĦǃЯШ[ŸƖƣШ

9ŸũũŔŰƚЯШ9§ЮШΝΠШƓƓЮ 

~ĲƖŸƽЯШ9ЮЯШÉůŔƣőЯШ~ЮШsЮЯШѼШÉŔũċŰĬĲƖЯШsЮШ ЮШыΞΜΝΟьЮШ ШƓƖċĦƣŔĦċũШŊƨŔĬĲШƣŸШ~ċǂEŰƣШŉŸƖШůŸĬĲũŔŰŊШ

ƚƓĲĦŔĲƚќШĬŔƚƣƖŔĤƨƣŔŸŰƚаШìőċƣШŔƣШĬŸĲƚЯШċŰĬШƽőǃШŔŰƓƨƣƚШċŰĬШƚĲƣƣŔŰŊƚШůċƣƣĲƖЮШEĦŸŊƖċƓőǃЯШ

ΟΣыΝΜьЯШΝΜΡΥрΝΜΣΦЮ 

https://doi.org/10.3768/rtipress.2022.mr.0047.2203
https://doi.org/10.1002/hyp.9740
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 ŸƖƣŸŰр]ƖŔǭŔƣőƚЯШ ~ЮЯШ ѼШ ~Ħ9ŸŰƻŔũũĲЯШ ЮШ sЮШ ыΞΜΜΤьЮШ ÑĲĦőŰŔĦċũШ ĲƻċũƨċƣŔŸŰШ ŸŉШ ċĲƖŔċũШ ƚƨƖƻĲǃШ

ƣĲĦőŰŔƕƨĲƚШ ŉŸƖШ ƽŔũĬũŔŉĲШ ĦĲŰƚƨƚЮШ ìŔũĬũŔŉĲШ ÅĲƚĲċƖĦőЯШ ΟΠыΣьЯШ ΠΤΡтΠΥΣЮШ

őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΤΝоìÅΜΣΝΝΞЮ 

ÂőŔũũŔƓƚЯШÉЮШsЮЯШ ŰĬĲƖƚŸŰЯШÅЮШÂЮЯШѼШÉĦőċƓŔƖĲЯШÅЮШEЮШыΞΜΜΣьЮШ~ċǂŔůƨůШĲŰƣƖŸƓǃШůŸĬĲũŔŰŊШŸŉШƚƓĲĦŔĲƚШ

ŊĲŸŊƖċƓőŔĦШ ĬŔƚƣƖŔĤƨƣŔŸŰƚЮШ EĦŸũŸŊŔĦċũШ ~ŸĬĲũũŔŰŊЯШ ΝΦΜыΟтΠьЯШ ΞΟΝтΞΡΦЮШ

őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮĲĦŸũůŸĬĲũЮΞΜΜΡЮΜΟЮΜΞΣЮ 

ÂőŔũũŔƓƚЯШÉЮШsЮЯШ ŰĬĲƖƚŸŰЯШÅЮШÂЮЯШѼШÉĦőċƓŔƖĲЯШÅЮШEЮШыΞΜΜΣьЮШ~ċǂŔůƨůШĲŰƣƖŸƓǃШůŸĬĲũŔŰŊШŸŉШƚƓĲĦŔĲƚШ

ŊĲŸŊƖċƓőŔĦШĬŔƚƣƖŔĤƨƣŔŸŰƚЮШEĦŸũŸŊŔĦċũШ~ŸĬĲũũŔŰŊЯШΝΦΜыΟрΠьЯШΞΟΝрΞΡΦЮ 

ÉƣċũůċŰƚЯШ~ЮбШ7ĲũŉƨƚƚЯШÅЮШыΞΜΜΥьЮШxċŰĬƚĦċƓĲƚШŸŉШƣőĲШ]ŸƖŸŰŊŸƚċШ ċƣŔŸŰċũШÂċƖťЮШ ƻċŔũċĤũĲШŸŰũŔŰĲШ

ċƣШ őƣƣƓƚаооŊŸƖŸŰŊŸƚċЮŸƖŊоƽƓр

ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΜоΝΝо]ŸƖŸŰŊŸƚċxċŰĬƚĦċƓĲƚsƨũǃΞΜΜΥхĦŸŰĬĲŰƚĲĬрΝЮƓĬŉЮ 

ÉƨŰŰǃЯШ ЮЯШĲƣШċũЮШыΞΜΞΞьЮШfŰƣĲŊƖċƣŔŰŊШőċĤŔƣċƣШƚƨŔƣċĤŔũŔƣǃШċŰĬШƖĲƚŔƚƣċŰĦĲШƚƨƖŉċĦĲƚШŉŸƖШĦŸŰŰĲĦƣŔƻŔƣǃШ

ůŸĬĲũũŔŰŊЮШEĦŸũŸŊŔĦċũШfŰŉŸƖůċƣŔĦƚЯШΣΤЯШΝΜΝΡΝΝЮ 

ÉƨŰŰǃЯШ ЮЯШxŹƓĲǍрÉČŰĦőĲǍЯШ~ЮбШÅċůŖƖĲǍр9ŸƖŸŰċЯШ[ЮбШÉƨČƖĲǍр ƣŔũċŰŸЯШ[ЮбШ]ŸŰǍČũĲǍр[ĲƖŰČŰĬĲǍЯШ ЮШ

ыΞΜΞΞьЮШ]ĲŰĲƣŔĦШ ĬŔƻĲƖƚŔƣǃШ ċŰĬШ ŉƨŰĦƣŔŸŰċũШ ĦŸŰŰĲĦƣŔƻŔƣǃШ ŸŉШ ċШ ĦƖŔƣŔĦċũũǃШ ĲŰĬċŰŊĲƖĲĬШ

ƚċũċůċŰĬĲƖЮШ7ŔŸƣƖŸƓŔĦċШΡΠыΝьаШΠΞрΡΣЮ 

ƻċŰШĬĲƖШÅĲĲЯШÅЮЯШÉůŔƣőЯШ?ЮШsЮЯШѼШ]ƖŔũŸЯШ9ЮШыEĬƚЮьШыΞΜΝΡьЮШcċŰĬĤŸŸťШŸŉШƖŸċĬШĲĦŸũŸŊǃЮШìŔũĲǃр

7ũċĦťƽĲũũЮ 

ìŸƖũĬÂŸƓШыƽƽƽЮƽŸƖũĬƓŸƓЮŸƖŊШрШÉĦőŸŸũШŸŉШ]ĲŸŊƖċƓőǃШċŰĬШEŰƻŔƖŸŰůĲŰƣċũШÉĦŔĲŰĦĲЯШÖŰŔƻĲƖƚŔƣǃШŸŉШ

ÉŸƨƣőċůƓƣŸŰбШ?ĲƓċƖƣůĲŰƣШŸŉШ]ĲŸŊƖċƓőǃШċŰĬШ]ĲŸƚĦŔĲŰĦĲƚЯШÖŰŔƻĲƖƚŔƣǃШŸŉШxŸƨŔƚƻŔũũĲбШ

?ĲƓċƖƣĲůĲŰƣШĬĲШ]ĲŸŊƖċƓőŔĲЯШÖŰŔƻĲƖƚŔƣĲШĬĲШ ċůƨƖьШċŰĬШ9ĲŰƣĲƖШŉŸƖШfŰƣĲƖŰċƣŔŸŰċũШEċƖƣőШ

ÉĦŔĲŰĦĲШ fŰŉŸƖůċƣŔŸŰШ  ĲƣƽŸƖťШ ы9fEÉf ьЯШ 9ŸũƨůĤŔċШ ÖŰŔƻĲƖƚŔƣǃШ ыΞΜΝΥьЮШ ]ũŸĤċũШ cŔŊőШ

ÅĲƚŸũƨƣŔŸŰШÂŸƓƨũċƣŔŸŰШ?ĲŰŸůŔŰċƣŸƖƚШÂƖŸŢĲĦƣШрШ[ƨŰĬĲĬШĤǃШÑőĲШ7ŔũũШċŰĬШ~ĲũŔŰĬċШ]ċƣĲƚШ

[ŸƨŰĬċƣŔŸŰШы§ÂÂΝΝΟΠΜΤΣьЮШőƣƣƓƚаооĬǂЮĬŸŔЮŸƖŊоΝΜЮΡΞΡΥоÉ§Ñ§ оìÂΜΜΣΤΠЮ 

üőċŰŊЯШñЮбШüőċŸЯШ9ЮбШìċŰŊЯШcрÑЮбШüőċŰŊЯШ[ЮбШüőċŸЯШsЮбШìƨЯШ]ЮШыΞΜΝΥьЮШ ШƖĲŊƖĲƚƚŔŸŰШĲƕƨċƣŔŸŰШůŸĬĲũШ

ŉŸƖШőĲŔŊőƣШċŰĬШƽĲŔŊőƣШƓƖĲĬŔĦƣŔŸŰЮШsŸƨƖŰċũШŸŉШÂőǃƚŔĦƚаШ9ŸŰŉЮШÉĲƖŔĲƚШΝΜΥΤаШΜΞΞΜΝΥЮШ?ŸŔаШ

ΝΜЮΝΜΥΥоΝΤΠΞрΣΡΦΣоΝΜΥΤоΞоΜΞΞΜΝΥЮ 

üőċŰŊЯШòЮЯШxŔЯШñЮЯШѼШxŔƨЯШñЮШыΞΜΝΥьЮШ~ŸĬĲũŔŰŊШũċŰĬƚĦċƓĲШƖĲƚŔƚƣċŰĦĲШŉŸƖШĲĦŸũŸŊŔĦċũШĦŸŰŰĲĦƣŔƻŔƣǃаШ Ш

ĦċƚĲШƚƣƨĬǃШŸŉШőċĤŔƣċƣШŰĲƣƽŸƖťƚШŔŰШ9őŔŰċЮШxċŰĬƚĦċƓĲШEĦŸũŸŊǃЯШΟΟыΝΞьЯШΞΝΜΝтΞΝΝΥЮ 

 

 

https://gorongosa.org/wp-content/uploads/2020/11/GorongosaLandscapesJuly2008_condensed-1.pdf
https://gorongosa.org/wp-content/uploads/2020/11/GorongosaLandscapesJuly2008_condensed-1.pdf
https://dx.doi.org/10.5258/SOTON/WP00674
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ƓƓĲŰĬŔǂШΝШ 

xċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃШŉŸƖШƚĲũĲĦƣĲĬШƚƓĲĦŔĲƚШŔŰШƣőĲШĲŰƣŔƖĲШƣċƖŊĲƣĲĬШƚĲĦƣŔŸŰШŸŉШƣőĲШƖŸċĬ 
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[ŔŊƨƖĲШ ΝаШxċŰĬƚĦċƓĲШƓĲƖůĲċĤŔũŔƣǃШċĦƖŸƚƚШƣőĲШfŰĦőŸƓĲр9ċŔċШƖŸċĬШƖĲőċĤŔũŔƣċƣŔŸŰШƓƖŸŢĲĦƣШŉŸƖШƣőĲШ
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Air quality modeling spatial dispersion maps:  
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Dispersion maps for PM10 
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Dispersion maps for PM2.5 
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Dispersion maps for NO2 
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Dispersion maps for NOx 
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Dispersion maps for Ozone 
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