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A b s tr a c t

T r a n s p o r t co s ts  ca n  pla y  a sig n ifi c a n t ro le  in  ag r ic u ltu r a l ex p o r ts  an d  bu s in e s s e s  pr o fi ta b ility . It ca n  als o  in fl u e n c e  fa r m e r s ’

d e c is io n s  re g a r d in g  cr o p la n d  ex p a n s io n , in te n s ifi c a tio n  or  la n d  ab a n d o n m e n t. Th u s , tr a n s p o r t is  us e fu l to  ta k e  in to

a c c o u n t wh e n  mo d e lin g  an d  ev a lu a tin g  la n d  us e  an d  co v e r  ch a n g e  re la te d  to  ag r ic u ltu r e  pr o d u c tio n . Th e  da ta s e t de s c r ib e d

in  th is  ar tic le  re p r e s e n ts  th e  In fra stru ctu re Ca p ita l in  th e  wo r k  pr e s e n te d  by  Millin g to n  et  al. ( 2 0 2 1) [ 1], in  wh ic h  th e

C R A F T Y -B r a z il mo d e l is  us e d  to  ev a lu a te  th e  im p a c ts  of ch a n g in g  glo b a l de m a n d  fo r  ag r ic u ltu r a l pr o d u c ts  on  la n d  us e  an d

c o v e r  ch a n g e . Th is  mo d e lin g  re q u ir e d  a tr a n s p o r t co s t da ta s e t th a t sp a n n e d  th e  mo d e l ca lib r a tio n  pe r io d , wa s  co n s is te n t

th r o u g h  tim e  an d  co v e r e d  th e  en tir e  stu d y  ar e a . Th e  mo s t re c e n t fe d e r a l ro a d  ne tw o r k  (fo r  ye a r  2 0 1 7) ob ta in e d  in  ve c to r

fo r m a t ( sh a p e fi le ) wa s  jo in e d  to  ro a d  se c tio n  su r fa c e  sta tu s  ta b le s  fo r  pa s t ye a r s  ( 2 0 0 0, 2 0 0 5 an d  2 0 1 0) in  or d e r  to

r e c o n s tr u c t th e  his to r ic  ro a d  ne tw o r k . Ex p o r t po r ts  ha n d lin g  ag r ic u ltu r a l co m m o d itie s , an d  th e ir  ye a r s  of op e r a tio n , we r e

id e n tifi e d . Bo th  da ta s e ts  we r e  us e d  to  de r iv e  th e  re la tiv e  tr a n s p o r t co s t to  th e  ne a r e s t po r t fo r  Br a z il, fo r  ye a r s  2 0 0 0, 2 0 0 5,

2 0 1 0 a n d  2 0 1 7.
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S p e c ifi c a tio n s  Ta b le

T r a n s p o r ta tio n

T r a n s p o r t co s t of ag r ic u ltu r a l co m m o d itie s  ba s e d  on  ro a d  co n d itio n  an d  dis ta n c e  to  po r t

T a b le  

R a s te r  im a g e  ( Ge o T I FF ) 

V e c to r  ne tw o r k  ( Ge o P a c k a g e  an d  sh a p e fi le )

A ll or ig in a l da ta  we r e  do w n lo a d e d  fr o m  offi c ia l go v e r n m e n ta l we b s ite s  an d  pr o c e s s e d  us in g  GR A S S  GI S v.7 [ 2].

R a w  

P r o c e s s e d

O n ly  da ta  fr o m  offi c ia l go v e r n m e n ta l so u r c e s  we r e  utiliz e d . Fo r  so m e  po r ts , th e  op e r a tio n a l his to r y  wa s  ob ta in e d  fr o m  th e

p o r t we b s ite  or  re g io n a l ne w s  re p o r ts .

F e d e r a l ro a d  ne tw o r k  sh a p e fi le s  an d  ro a d  sta tu s  da ta  we r e  do w n lo a d e d  fr o m  th e  Br a z ilia n  N atio n a l De p a r tm e n t of Tr a n s p o r t

I nfr a s tr u c tu r e  ( DN I T) we b s ite . Th e  tw o  da ta s e ts  us e d  we r e  th e  N atio n a l Ro a d  Sy s te m  ( SN V  – Sis te m a  N ac io n a l de  Via ç ã o ) fo r

y e a r  2 0 1 7, ob ta in e d  fr o m  th e  DN I TG e o  we b s ite  [ 3] an d  th e  ro a d  sta tu s  ta b le s  fr o m  th e  Na tio n a l Ro a d  Pla n  ( PN V ) fo r  ye a r s

2 0 0 0,  2 0 0 5 an d  2 0 1 0, ob ta in e d  

fr o m  [ 4]. 

I nfo r m a tio n  on  ex p o r t po r t op e r a tio n s  we r e  ob ta in e d  fr o m  th e  Ag r o s ta t we b s ite  [ 5]. Als o , so m e  ne w s  re p o r ts  an d  in fo r m a tio n

o n  th e  his to r y  of se le c te d  po r ts  we r e  co n s u lte d  in  or d e r  to  es ta b lis h  th e  sta r t of op e r a tio n s . 

A ll da ta  we r e  pr o c e s s e d  in  GR A S S  GI S [ 2] an d  th e  co m m a n d s  an d  sc r ip ts  us e d  to  re c r e a te  th e  fi n a l ro a d  ne tw o r k  sta tu s  fo r

y e a r s  2 0 0 0, 2 0 0 5 an d  2 0 1 0, alo n g  with  th e  tr a n s p o r t co s t ma p s , ar e  in c lu d e d  in  th is  da ta s e t.

I ns titu tio n : Em b r a p a  Ag r ic u ltu r a l I nfo r m a tic s  

C ity /T o w n /R e g io n : Ca m p in a s , SP  

C o u n tr y : B ra z il 

P r im a r y  da ta  so u r c e s : 

D N I TG e o  We b s ite  

I ns titu tio n : Na tio n a l De p a r tm e n t of Tr a n s p o r t I nfr a s tr u c tu r e  ( DNI T ) 

C ity /T o w n /R e g io n : B ra s ilia , DF  

C o u n tr y : B ra z il 

U R L : h ttp ://w w w .d n it.g o v .b r /p la n e ja m e n to - e- pe s q u is a /d n it- ge o  

N a tio n a l Ro a d  Pla n  
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A g r o s ta t 
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C ity /T o w n /R e g io n : B ra s ilia , DF  

C o u n tr y : B ra z il 

U R L : h ttp ://in d ic a d o r e s .a g r ic u ltu r a .g o v .b r /a g r o s ta t/in d e x .h tm

R e p o s ito r y  na m e : Me n d e le y  Da ta

D a ta  id e n tifi c a tio n  nu m b e r : DO I: 1 0.1 7 6 3 2/ 6 x b jz y z 3t h .2

D ir e c t UR L  to  da ta : h ttp s ://d a ta .m e n d e le y .c o m /d a ta s e ts /6 x b jz y z 3t h /2

Ja m e s  D.A . Millin g to n , Va le r i Ka te r in c h u k , Ra m o n  Fe lip e  Bic u d o  da  Silv a , Da n ie l de  Ca s tr o  Vic to r ia , Ma te u s  Ba tis te lla .

M o d e llin g  dr iv e r s  of Br a z ilia n  ag r ic u ltu r a l ch a n g e  in  a te le c o u p le d  wo r ld . En v ir o n m e n ta l Mo d e llin g  & So ftw a r e . Vo lu m e  1 3 9,

2 0 2 1,  1 0 5,0 2 4,  I SS N  1 3 6 4 – 8 1 5 2.

V a lu e  of th e  Da ta

T r a n s p o r t co s t an d  ro a d  in fr a s tr u c tu r e  pla y  an  im p o r ta n t ro le  in  ag r ic u ltu r a l ex p o r ts . I nfo r m a tio n  on  ho w  th e s e  co s ts

c h a n g e  ov e r  tim e  an d  ac r o s s  sp a c e  ca n  he lp  un d e r s ta n d  th e  dy n a m ic s  be h in d  la n d  us e /c o v e r  ch a n g e  an d  th e  im p a c t of

in fr a s tr u c tu r e  de v e lo p m e n t on  th e  ag r ic u ltu r e  se c to r. Th e  da ta s e t co v e r s  Br a z il, a la r g e  an d  im p o r ta n t pr o d u c e r  of

a g r ic u ltu r a l pr o d u c ts  tr a d e d  in te r n a tio n a lly .

T h e  da ta s e t ca n  be  us e d  by  re s e a r c h e r s  an d  de c is io n -m a k e r s  stu d y in g  or  co n c e r n e d  ab o u t la n d  us e /c o v e r  ch a n g e  an d

th e  im p a c t of in fr a s tr u c tu r e  on  co m m o d itie s  ex p o r t, ho w  tr a n s p o r t co s ts  ha v e  ch a n g e d  ov e r  tim e , wh e r e  ne w

tr a n s p o r ta tio n  an d  po r t in fr a s tr u c tu r e  co u ld  be  pla c e d , or  to  id e n tify  bo ttle n e c k s  in  tr a n s p o r t in fr a s tr u c tu r e . It co u ld

a ls o  be  us e d  to  gu id e  fu tu r e  in fr a s tr u c tu r e  de v e lo p m e n t pla n s .

T h e  da ta s e t co n s id e r s  a re la tiv e  co s t diff e r e n c e  am o n g  re g io n s  an d  ro a d  sta tu s  an d  is  ac c o m p a n ie d  by  all co d e s  an d

s c r ip ts  us e d  to  cr e a te  it. Th u s , us e r s  of th e  da ta s e t ma y  ad a p t or  im p r o v e  up o n  th e  da ta , giv e n  th e ir  sp e c ifi c  ne e d s . All

d a ta  we r e  pr o c e s s e d  us in g  op e n  so u r c e  so ftw a r e  an d  ar e  su p p lie d  in  co m m o n  fo r m a ts  su p p o r te d  by  all ma jo r  GIS .

T h u s , th e r e  is  no  ne e d  to  ac q u ir e  lic e n s e s  to  re c r e a te  or  im p r o v e  th e  re s u lts .

U p -to -d a te  ro a d s  ne tw o r k  ma p s  ar e  av a ila b le  fr o m  th e  Br a z ilia n  tr a n s p o r ta tio n  au th o r ity  [ 3]. Ho w e v e r, pa s t ro a d  su r fa c e

s ta tu s e s  ar e  su p p lie d  as  ta b le s  [ 4], no t ea s ily  re la te d  to  th e  ro a d  ne tw o r k , ma k in g  it diffi c u lt to  ma p  pa s t ro a d  co n d itio n s .

T h e  pr o c e s s  de s c r ib e d  he r e  lin k s  ro a d  se c tio n s  to  pa s t su r fa c e  sta tu s , re s u ltin g  in  tr a n s p o r ta tio n  co s t su r fa c e s  th a t ar e

c o n s is te n t an d  co m p a r a b le  ac r o s s  ye a r s .

1 . D a ta  De s c r ip tio n

T h e  da ta s e t is  or g a n iz e d  in  a fo ld e r  str u c tu r e  th a t in c lu d e s : i) a de ta ile d  de s c r ip tio n  of th e  ste p s  us e d  to  cr e a te  th e  tr a n s p o r t

c o s t su r fa c e  da ta s e t; ii) th e  in p u t da ta s e ts  us e d  to  cr e a te  th e  fi n a l tr a n s p o r t co s t iii) th e  ac tu a l tr a n s p o r t co s t da ta s e t an d  iv )

fi g u r e s  us e d  in  th e  de ta ile d  de s c r ip tio n  re p o r t.

T h e  co n te n ts  of ro o t fo ld e r  of th e  da ta s e t in c lu d e s :

A  br ie f de s c r ip tio n  of th e  da ta s e t fo ld e r  str u c tu r e  (rea d m e.m d  or  rea d m e.tx t) in  ma r k d o w n  fo r m a t or  te x t with o u t

fo r m a tin g  ma r k s , re s p e c tiv e ly );

a  de ta ile d  de s c r ip tio n  of th e  da ta s e t cr e a tio n  pr o c e s s , in c lu d in g  all GR A S S  GIS  co m m a n d s  us e d , ex p la n a to r y  te x t an d

r e s u lts  ob ta in e d . Th is  is  pr e s e n te d  in  ma r k d o w n  fo r m a t (tra n sp o rt_c o st.m d ) an d  als o  in  a re n d e r e d  PD F  fi le

(tra n sp o rt_c o st.p d f);

A d d itio n a l co d e  us e d  in  th e  da ta  cr e a tio n  pr o c e s s  in c lu d in g  a ba s h  sc r ip t (a d d _s u rfa ce_c o d e.sh ) th a t in s e r ts  ro a d  sta tu s

c o d e s  to  th e  ro a d  ne tw o r k  ve c to r  la y e r  us e d  in s id e  GR A S S  GIS  an d  a py th o n  sc r ip t (fi x _r o a d _ a ttrib .p y ) th a t ma tc h e s  ro a d

D a ta

a c c e s s ib ility

R e la te d

r e s e a r c h

a r tic le

http://indicadores.agricultura.gov.br/agrostat/index.htm
https://data.mendeley.com/datasets/6xbjzyz3th/2
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1.

2.

3.

1.

s e c tio n s  in  th e  ro a d  ne tw o r k  ve c to r  la y e r  to  ro a d  su r fa c e  sta tu s  in  th e  sta tu s  ta b le  fo r  ea c h  ye a r. File s  m a tch es_ 2 0 0 0. tx t,

m a tch es_ 2 0 0 5. tx t an d  m a tch es_ 2 0 1 0. tx t co n ta in  th e  ma tc h e s  ob ta in e d  by  th e  p y th o n  sc r ip t.

T h e  in p u t fo ld e r  co n ta in s  th e  or ig in a l da ta  us e d  to  cr e a te  th e  tr a n s p o r t co s t da ta s e t. It co n ta in s  th e  ro a d  ne tw o r k s  ve c to r

fi le s , th e  ro a d  su r fa c e  sta tu s  ta b le s  an d  ex p o r t po r t lo c a tio n s , as  de s c r ib e d  be llo w :

F o ld e r  in p u t/p o rts co n ta in s  th e  lo c a tio n  of all Br a z ilia n  s o y  ex p o r t po r ts  (S o y P o rts.sh p ); in te r n a l so y  Po r ts

(in tern a l_ p o rts_s o y be a n .sh p ), th a t se n d s  th e  co m m o d ity  to  an  ex p o r t po r t; an d  a ta b le  (p o rts_ y ea r_ a ctiv e.o d s or

p o rts_ y ea r_ a ctiv e.x lsx ) de ta ilin g  wh ic h  po r ts  we r e  ac tiv e  in  ea c h  ye a r. Th is  da ta s e t wa s  bu ilt us in g  th e  Br a z ilia n  Ag r o s ta t

p la ta fo r m  [ 5]. Bo th  lo c a tio n  da ta s e ts  ar e  in  sh a p efi le fo r m a t, wh ic h  ca n  be  op e n e d  by  all ma jo r  GIS  so ftw a r e . Th e

r e a d m e .m d  fi le  de s c r ib e s  th e  da ta  so u r c e s ;

F o ld e r  in p u t/ro a d s/P N V  co n ta in s  th e  Br a z ilia n  Fe d e r a l Ro a d  ne tw o r k  in  sh a p efi le fo r m a t (S N V _ 2 0 1 7 1 0 b .sh p  an d

a c c o m p a n in g  fi le s ). Th is  re p r e s e n ts  th e  ro a d  ne tw o r k  sta tu s  in  th e  ye a r  2 0 1 7 an d  wa s  ob ta in e d  fr o m  th e  DN IT  -

N a tio n a l De p a r tm e n t of Tr a n s p o r t I nfr a s tr u c tu r e  [ 3]. A br ie f de s c r ip tio n  of th e  da ta s e t is  giv e n  in  rea d m e_ S N V _r o a d s.m d ;

F o ld e r  in p u t/ro a d s/B ra z il_f ed era l_r o a d s_ S N V  co n ta in s  fe d e r a l ro a d  se c tio n  an d  su r fa c e  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5 a nd

2 0 1 0.  It wa s  ob ta in e d  fr o m  th e  DN IT  - Na tio n a l Ro a d s  Pla n  ( PN V ) [ 4] in  Mic r o s o ft Ex c e l fo r m a t ( ex .: P N V 2 0 0 0. x lsx ) an d

c o n v e r te d  to  CS V  ( ex .: P N V 2 0 0 0. csv ) to  allo w  fo r  da ta  im p o r t in to  Gr a s s  GIS . CS V T  fi le s  ( ex .: P N V 2 0 0 0. csv t) in d ic a te s  da ta

fi e ld  ty p e s , ne e d e d  to  im p o r t da ta  in  th e  co r r e c t fo r m a t. A br ie f de s c r ip tio n  of th e  da ta s e t is  giv e n  in

rea d m e_r o a d _ n etw o rk _s ta tu s.m d ;

T h e  o u tp u t fo ld e r  co n ta in s  th e  re s u lts  of th e  da ta  an a ly s is  co n d u c te d  on  th e  in p u t da ta  by  fo llo w in g  th e  ste p s  de ta ile d  in

tra n sp o rt_c o st.m d . It co n ta in s :

ro a d _ n etw o rk _ p o rts_ 2 0 0 0 _ 2 0 1 7. z ip  - Ve c to r  la y e r s  ( Ge o P a c k a g e  fo r m a t) of ex p o r t po r ts  an d  re c o n s tr u c te d  fe d e r a l ro a d

n e tw o r k  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 01 0 a n d  2 0 1 7 (F ig .  1). Da ta  is  su p p lie d  in  Ge o p a c k a g e  fo r m a t th a t ca n  be  op e n e d  by

a ll ma jo r  GIS  so ftw a r e . Du e  to  its  siz e , th e  Ge o P a c k a g e  fi le  ha s  be e n  co m p a c te d ;

D o w n lo a d  : D o w n lo a d  hig h -re s  im a g e  ( 7 0 1 KB ) D o w n lo a d  : D o w n lo a d  fu ll- siz e  im a g e

F ig . 1. R e c o n s tr u c te d  DN IT  Ro a d  Ne tw o r k  with  sim p lifi e d  ro a d  su r fa c e  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7 an d

s o y  ex p o r t po r ts  ac tiv e  in  ea c h  ye a r, re s p e c tiv e ly . Th r e e  le tte r s  DN IT  su r fa c e  co d e s  in  pa r e n te s e s .

https://ars.els-cdn.com/content/image/1-s2.0-S2352340921003541-gr1_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S2352340921003541-gr1.jpg
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2.
ro a d _ d ista n ceY Y Y Y .z ip  - Ra s te r  im a g e s  ( Ge o T IF F  fo r m a t) of r e la tiv e  co s t dis ta n c e  to  th e  ne a r e s t ex p o r t po r t fo r  th e

B r a z ilia n  te r r ito r y , ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 a nd  2 0 1 7 (F ig .  2). Da ta s e t us e s  WG S 8 4 S p a tia l Re fe r e n c e  Sy s te m  ( EP S G : 4 3 2 6)

w ith  3 6 ar c s e c  sp a tia l re s o lu tio n  ( ap p r o x  5 5 0  m). Th e  Ge o T iff  fo r m a t ca n  be  op e n e d  by  all ma jo r  GIS  so ftw a r e .

D o w n lo a d  : D o w n lo a d  hig h -re s  im a g e  ( 9 1 5 KB ) D o w n lo a d  : D o w n lo a d  fu ll- siz e  im a g e

F ig . 2. C u m u la tiv e  co s t dis ta n c e  to  po r t, fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 a nd  2 0 1 7.

T h e  fi g  fo ld e r  co n ta in s  fi g u r e s  us e d  he r e  an d  in  th e  fu ll de ta ile d  re p o r t (tra n sp o rt_c o st.m d  or  tra n sp o rt_c o st.p d f) in  PN G

fo r m a t. Th e s e  in c lu d e  th e  re c o n s tr u c te d  Br a z ilia n  fe d e r a l ro a d  ne tw o r k  with  ro a d  su r fa c e  sta tu s  an d  po r t lo c a tio n s  fo r

y e a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 a nd  2 0 1 7 a nd  th e  re la tiv e  co s t dis ta n c e  to  th e  clo s e s t ex p o r t po r t fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7.

A  su m m a r y  of th e  fo ld e r  str u c tu r e  an d  its  co n te n ts  is  giv e n  in  T a b le   1.

T a b le  1. F o ld e r  str u c tu r e , fi le s  co n ta in e d  in  th e  da ta s e t an d  de ta ile d  de s c r ip tio n .

fi g s d n it2 0 0 0 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 0 0 _ r o a d _ n e tw o r k _ p o r ts .p n g  

d n it2 0 0 5 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 0 5 _ r o a d _ n e tw o r k _ p o r ts .p n g  

d n it2 0 1 0 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 1 0 _ r o a d _ n e tw o r k _ p o r ts .p n g  

d n it2 0 1 7 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 1 7 _ r o a d _ n e tw o r k _ p o r ts .p n g

F o ld e r  co n ta in s  fi g u r e s  us e d  in  th e  fu ll de ta ile d  re p o r t (tr a n s p o r t_ c o s t.m d ).

A c tu a l fi n a l da ta s e t is  in  ou tp u t fo ld e r. 

B r a z ilia n  fe d e r a l ro a d  ne tw o r k  with  ro a d  su r fa c e  sta tu s  an d  po r t lo c a tio n s  fo r

y e a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7. 

A c c o m p a n y in g  PG W  fi le s  co n ta in s  ge o r e fe r e n c in g  in fo r m a tio n  fo r  th e  PN G fi le s

F o ld e r F ile s D e s c r ip tio n

https://ars.els-cdn.com/content/image/1-s2.0-S2352340921003541-gr2_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S2352340921003541-gr2.jpg
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d n it_ r o a d _ n e tw o r k _ 4 y e a r s .p n g  

d n it_ r o a d _ n e tw o r k _ 4 y e a r s _ n o _  

d a n n o ta tio n s .p n g  

d n it_ r o a d _ n e tw o r k _ 4 y e a r s _ n o _  

a n n o ta tio n s _ s im p le _l e g e n d .p n g

F ig u r e  with  all fo u r  ye a r s  of ro a d  ne tw o r k  an d  po r ts , with , with o u t an n o ta tio n s

a n d  sim p lifi e d  le g e n d .

d n it_ r o a d _ d is ta n c e 2 0 0 0. p n g  

d n it_ r o a d _ d is ta n c e 2 0 0 5. p n g  

d n it_ r o a d _ d is ta n c e 2 0 1 0. p n g  

d n it_ r o a d _ d is ta n c e 2 0 1 7. p n g

R e la tiv e  co s t dis ta n c e  to  th e  clo s e s t ex p o r t po r t fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d

2 0 1 7

d n it_ r o a d _ d is ta n c e _ 4 y e a r s .p n g  F ig u r e  with  all fo u r  ye a r s  of ro a d  ne tw o r k  co s t dis ta n c e  to  clo s e s t po r t.

in p u t/p o r ts r e a d m e .m d B r ie f ex p la n a tio n  of th e  po r ts  in p u t da ta s e t

in te r n a l_ p o r ts _ s o y b e a n .c p g  

in te r n a l_ p o r ts _ s o y b e a n .d b f 

in te r n a l_ p o r ts _ s o y b e a n .p r j 

in te r n a l_ p o r ts _ s o y b e a n .s b n  

in te r n a l_ p o r ts _ s o y b e a n .s b x  

in te r n a l_ p o r ts _ s o y b e a n .s h p  

in te r n a l_ p o r ts _ s o y b e a n .s h x

S h a p e fi le  with  th e  lo c a tio n  of in te r n a l an d  e x p o r t po r ts  th a t ha n d le  ag r ic u ltu r a l

c o m m o d itie s . 

S h a p e fi le  fo r m a t is  co m p r is e d  of se v e r a l fi le s , no t all be in g  ma n d a to r y

S o y P o r ts .c p g  

S o y P o r ts .d b f 

S o y P o r ts .p r j 

S o y P o r ts .s h p  

S o y P o r ts .s h x

S h a p e fi le  with  lo c a tio n  of ex p o r t po r ts  th a t ha n d le  ag r ic u ltu r a l co m m o d itie s . 

S h a p e fi le  fo r m a t is  co m p r is e d  of se v e r a l fi le s , no t all be in g  ma n d a to r y

p o r ts _ y e a r _ a c tiv e .o d s  

p o r ts _ y e a r _ a c tiv e .x ls x

S p r e a d s h e e t de ta ilin g  am o u n t of so y  ex p o r te d  by  ea c h  po r t, ea c h  ye a r, in  or d e r  to

d e te r m in e  wh e n  ea c h  ex p o r t po r t wa s  ac tiv e . Av a ila b le  in  Lib r e O ffi c e  fo r m a t

( OD S ) an d  Ex c e l ( XL S X )

in p u t/r o a d s /P N V r e a d m e _ r o a d _ n e tw o r k _ s ta tu s .m d B r ie f in d ic a tio n  of da ta  so u r c e  an d  ro a d  sta tu s  co d e  an d  de s c r ip tio n  in

P o r tu g u e s e  an d  En g lis h

P N V 2 0 0 0. c s v  

P N V 2 0 0 0. c s v t 

P N V 2 0 0 0. x ls x  

P N V 2 0 0 5. c s v  

P N V 2 0 0 5. c s v t 

P N V 2 0 0 5. x ls x  

P N V 2 0 1 0. c s v  

P N V 2 0 1 0. c s v t 

P N V 2 0 1 0. x ls x

T a b le s  in d ic a tin g  fe d e r a l ro a d  se c tio n  an d  su r fa c e  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5 an d

2 0 1 0.  

O r ig in a l da ta  fr o m  DN I T is  in  XL S X  fo r m a t.

C o n v e r te d  to  CS V  fo r  da ta  im p o r t in to  Gr a s s  GI S. CS V T  fi le  in d ic a te s  da ta  fi e ld

ty p e s , ne e d e d  to  im p o r t da ta  in  th e  co r r e c t fo r m a t

in p u t/r o a d s /B r a z il_  

fe d e r a l_ r o a d s _ S N V

r e a d m e _ S N V _ r o a d s .m d  B r ie f in d ic a tio n  of da ta  so u r c e

F o ld e r F ile s D e s c r ip tio n



8/ 3 1/ 2 0 2 1 T r a ns p ort c ost t o p ort t h o u g h Br a zili a n f e d er al r o a ds n et w or k: D at as et f or y e ars 2 0 0 0, 2 0 0 5, 2 0 1 0 a n d 2 0 1 7 - S ci e n c e Dir e ct

htt ps:// w w w .s ci e n c e dir e ct. c o m/s ci e n c e/ arti cl e/ pii/ S 2 3 5 2 3 4 0 9 2 1 0 0 3 5 4 1 ? vi a % 3 Di h u b 7 /1 2

1.

2.

3.

4.

1.

1.

2.

3.

S N V _ 2 0 1 7 1 0 B. c p g  

S N V _ 2 0 1 7 1 0 B. d b f 

S N V _ 2 0 1 7 1 0 B. p r j 

S N V _ 2 0 1 7 1 0 B. s b n  

S N V _ 2 0 1 7 1 0 B. s b x  

S N V _ 2 0 1 7 1 0 B. s h p  

S N V _ 2 0 1 7 1 0 B. s h x

S h a p e fi le  with  th e  fe d e r a l ro a d  ne tw o r k  fo r  th e  ye a r  2 0 1 7. Co n ta in s  ro a d  su r fa c e

s ta tu s

o u tp u t r o a d _ d is ta n c e 2 0 0 0. z ip  

r o a d _ d is ta n c e 2 0 0 5. z ip  

r o a d _ d is ta n c e 2 0 1 0. z ip  

r o a d _ d is ta n c e 2 0 1 7. z ip

R a s te r  im a g e s  ( Ge o T I FF  fo r m a t) of re la tiv e  co s t dis ta n c e  to  th e  ne a r e s t ex p o r t

p o r t fo r  th e  Br a z ilia n  te r r ito r y , ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7. 

D a ta s e t us e s  WG S 8 4 S p a tia l Re fe r e n c e  Sy s te m  ( EP S G : 4 3 2 6) with  3 6 ar c s e c  sp a tia l

r e s o lu tio n  ( ap r o x  5 5 0  m)

r o a d _ n e tw o r k _ p o r ts _ 2 0 0 0 _ 2 0 1 7. z ip V e c to r  la y e r s  ( Ge o P a c k a g e  fo r m a t) of ex p o r t po r ts  an d  re c o n s tr u c te d  fe d e r a l ro a d

n e tw o r k  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7.

. ( ro o t) r e a d m e .m d  an d  re a d m e .tx t B r ie f dir e c to r y  str u c tu r e  de s c r ip tio n

a d d _ s u r fa c e _ c o d e .s h B a s h  sc r ip t to  in s e r t ro a d  su r fa c e  sta tu s  co d e  to  2 0 1 7 ro a d  ne tw o r k  ve c to r  la y e r

fi x _ r o a d _ a ttr ib .p y P y th o n  sc r ip t to  id e n tify  ma tc h e s  fr o m  ro a d  se c tio n s  in  th e  ro a d  ne tw o r k  ve c to r

la y e r  to  ro a d  su r fa c e  sta tu s  ta b le  fo r  ea c h  ye a r.

m a tc h e s _ 2 0 0 0. tx t 

m a tc h e s _ 2 0 0 5. tx t 

m a tc h e s _ 2 0 1 0. tx t

R e s u lts  fr o m  th e  ro a d  se c tio n  an d  sta tu s  ma tc h  py th o n  sc r ip t.

tr a n s p o r t_ c o s t.m d  

tr a n s p o r t_ c o s t.p d f

D e ta ile d  de s c r ip tio n  of da ta s e t cr e a tio n , in c lu d in g  GR A S S  GI S co m m a n d s  us e d

a n d  re s u lts  ob ta in e d . Re p o r t is  in  Ma r k d o w n  fo r m a t ( md ) an d  is  ac c o m p a n ie d  by

a  re n d e r e d  PD F .

2 . E x p e r im e n ta l De s ig n , Ma te r ia ls  an d  Me th o d s

T h is  da ta s e t wa s  co n s tr u c te d  to  be  us e d  as  th e  In fra stru ctu re Ca p ita l in p u t fo r  th e  CR A F T Y -B r a z il mo d e l [ 1].

2. 1 . R o a d  ne tw o r k  re c o n s tr u c tio n

A  de ta ile d  fe d e r a l ro a d  ne tw o r k  ve c to r  da ta s e t wa s  do w n lo a d e d  fr o m  th e  Na tio n a l De p a r tm e n t of Tr a n s p o r t I nfr a s tr u c tu r e

( DN IT ) ge o s p a tia l da ta b a s e  [ 3]. Th is  da ta b a s e  co n ta in s  ro a d  ne tw o r k  ve c to r  la y e r s , in  sh a p e fi le  fo r m a t, be g in n in g  in  2 0 1 3.

T h e  da ta s e t fo r  2 0 1 7 wa s  us e d , alo n g  with  ro a d  nu m b e r, th e  ro a d  se c tio n  co d e , ro a d  se c tio n  sta r t an d  sto p  km  ma r k s  an d

r o a d  su r fa c e  sta tu s , with  th e  fo llo w in g  cla s s ifi c a tio n  ( or ig in a l cla s s  co d e  an d  po r tu g u e s e  de s c r ip tio n  in  pa r e n th e s e s ):

P la n n e d  ( “P L A  - Pla n e ja d a ” )

U n p a v e d  ne tw o r k  ( “R e d e  nã o  pa v im e n ta d a ” )

N a tu r a l te r r a in . Op e n  ro a d , no t co n fo r m in g  to  co n s tr u c tio n  re g u la tio n s  ( “L E N  - le ito  na tu r a l” )

U n d e r  co n s tr u c tio n  to  be  im p le m e n te d  ( “E O I - em  ob r a s  im p la n td e  im p la n ta ç ã o ” )

E s ta b lis h e d  un p a v e d  ro a d  ( “IM P  - im p la n ta d a ” )

U n d e r  co n s tr u c tio n . Es ta b lis h e d  ro a d  be in g  pa v e d  ( “E O P  - em  ob r a s  pa v im e n ta ç ã o ” )

P a v e d  ne tw o r k  ( “r e d e  pa v im e n ta d a ” )

P a v e d  ro a d  sin g le  la n e  ( “P A V  - pis ta  sim p le s ” )

F o ld e r F ile s D e s c r ip tio n
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2.

3.

S e c o n d  la n e  un d e r  co n s tr u c tio n . Pa v e d  ro a d  be in g  du p lic a te d  - ( “E O D  - em  ob r a  de  du p lic a ç ã o ” )

D o u b le  la n e  ( “D U P  - pis ta  du p la ” )

In  or d e r  to  re c o n s tr u c t ro a d  ne tw o r k s  an d  su r fa c e  sta tu s  pr io r  to  ye a r  2 0 1 3, ro a d  se c tio n  in fo r m a tio n  fo r  th e  ye a r s  2 0 0 0,

2 0 0 5 a n d  2 0 1 0 we r e  ob ta in e d  fr o m  th e  Na tio n a l Ro a d  Sy s te m  ( SN V ) [ 4]. Th is  in fo r m a tio n  co m e s  as  ta b le s  kn o w n  as

N a tio n a l Ro a d s  Pla n  ( PN V  – Pla n o  Na c io n a l de  Via ç ã o ) an d  in c lu d e s  in fo r m a tio n  on  ro a d  nu m b e r, ro a d  se c tio n

id e n tifi c a tio n  co d e , th e  Br a z ilia n  sta te  cr o s s e d  by  th e  ro a d , se c tio n  sta r t an d  sto p  la n d m a r k s  an d  kilo m e te r  ma r k s , se c tio n

le n g th  an d  ro a d  su r fa c e  sta tu s .

U n fo r tu n a te ly , ro a d  se c tio n  id e n tifi c a tio n  co d e s  fr o m  th e  ve c to r  ne tw o r k  da ta s e t fo r  2 0 1 7 do e s  no t ma tc h  all se c tio n  co d e s

fo u n d  in  th e  2 0 0 0, 2 0 0 5 a nd  2 0 1 0 ta b le s . Afte r  jo in in g  th e  ve c to r  ne tw o r k  da ta s e t with  th e  su r fa c e  sta tu s  ta b le s , so m e  ro a d

s e g m e n ts  will re m a in  un c la s s ifi e d . Th u s , th e  be s t po s s ib le  ma tc h  be tw e e n  th e  ve c to r  ne tw o r k  se c tio n s  an d  su r fa c e  sta tu s

ta b le s  we r e  ob ta in e d  ba s e d  on  ro a d  nu m b e r, Br a z ilia n  sta te  an d  se c tio n  sta r t an d  sto p  kilo m e te r  ma r k s . A py th o n  sc r ip t

(fi x _r o a d _ a ttrib u te.p y ) wa s  us e d  to  au to m a te  th is  pr o c e s s  an d  id e n tify  po s s ib le  ma tc h e s . Th e  sc r ip t id e n tifi e s  all se c tio n s

fr o m  th e  ro a d  ne tw o r k  da ta s e t with o u t su r fa c e  ty p e  in fo r m a tio n . It th e n  se a r c h e s  th e  sta tu s  ta b le  fo r  se c tio n s  with  th e  sa m e

r o a d  nu m b e r, th a t cr o s s e s  th e  sa m e  Br a z ilia n  sta te  an d  is  eith e r  en tir e ly  with in  th e  se c tio n  id e n tifi e d  in  th e  ro a d  ne tw o r k

d a ta s e t or  co v e r s  its  sta r t or  en d  po r tio n s . Sin c e  th is  pr o c e d u r e  ca n  re tu r n  mo r e  th a n  on e  ma tc h , th e  mo s t fr e q u e n t su r fa c e

ty p e  is  as s ig n e d  to  th e  ro a d  se c tio n .

2. 2 . P o r t ac tiv ity  da ta s e t

B r a z ilia n  po r ts  th a t ex p o r t ag r ic u ltu r a l co m m o d itie s  we r e  id e n tifi e d  ba s e d  on  in fo r m a tio n  fr o m  Ag r o s ta t [ 5], a da ta b a s e  fo r

B r a z ilia n  ag r ic u ltu r a l ex p o r ts , wh ic h  in c lu d e s  am o n g  oth e r  th in g s , th e  po r ts  in v o lv e d  in  th e  tr a n s a c tio n . Th is  in fo r m a tio n ,

a lo n g  with  re g io n a l re p o r ts  fr o m  se le c te d  po r ts , we r e  us e d  to  de r iv e  an  in d ic a tio n  of wh e n  ea c h  po r t sta r te d  op e r a tio n s

(T a b le   2). Po r ts  with  ve r y  lo w  ag r ic u ltu r a l ex p o r ts  we r e  re m o v e d  fr o m  th e  da ta s e t an d  th e  fi n a l su r fa c e  co s t an a ly s is .

T a b le  2. B r a z ilia n  po r ts  with  ag r ic u ltu r a l co m m o d itie s  ex p o r ts  in  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7 ( 0 in d ic a te s  no  ex p o r ts . 1

in d ic a te s  ex p o r ts ).

M a n a u s 1 1 1 1

Ita c o a tia r a * 1 1 1 1

S ã o  Lu is 1 1 1 1

A r a c a jú 1 0 0 0 S o y  ex p o r ts  on ly  in  2 0 1 7. Bu t is  RE M O V E D  fr o m  th e  

a n a ly s is  sin c e  vo lu m e  is  ve r y  lo w  ( < 0.5 %  ex p o r ts )

S a lv a d o r 1 1 1 1 N o  so y  ex p o r t fr o m  2 0 0 2 to  2 0 0 5 bu t ac tiv e  in  oth e r  co m m o d itie s

Ilh e u s 1 1 1 1 R E M O V E D : < 0.5 %  so y  ex p o r ts

V itó r ia 1 1 1 1

B a r c a r e n a 1 1 0 0 F o c u s e d  on  min e r a l ex p o r ts . Sta r te d  op e r a tin g  ag . co m m o d itie s  in  2 0 0 7 ( co c o a ) an d  2 0 0 8

( me a t)

B e lé m 0 0 0 0

S a n ta r é m 1 1 1 0

S a n to s 1 1 1 1

P o r t 2 0 1 7 2 0 1 0 2 0 0 5 2 0 0 0 O b s e r v a tio n s
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P a r a n a g u á 1 1 1 1

S ã o  Fr a n c is c o  do

S u l

1 1 1 1

Ita ja í 1 1 1 1 L a r g e  me a t ex p o r t de s p ite  lo w  so y  ex p o r ts

I mb itu b a 1 1 1 1 O ld  po r t th a t sta r te d  ex p o r tin g  me a t in  ye a r  2 0 0 0

R io  Gr a n d e 1 1 1 1

P o r to  Mu r tin h o 1 0 1 0 R E M O V E D : < 1 % ex p o r ts , va r ie s  in  tim e

C á c e r e s 0 0 1 1 R E M O V E D : < 1 % ex p o r ts , va r ie s  in  tim e  - no t 

o p e r a tio n a l an y m o r e

P o r to  Ve lh o 1 1 1 1 I nte r n a l po r t, tr e a te d  as  ex p o r t po r t

⁎

A g r o S ta t ex p o r t da ta  fr o m  2 0 0 7 to  2 0 1 7 is  0 ( ze r o ) fo r  th is  po r t. Bu t da ta  se e m s  to  be  mix e d  with  th e  Ma n a u s  po r t. Sin c e  th e  po r ts  ar e

v e r y  clo s e , bo th  po r ts  we r e  as s u m e d  op e n  all th e  tim e .

⁎ ⁎

P o r to  Ve lh o  ( RO ) is  a tr a n s b o r d o  po r t (in te r n a l), wh ic h  se n d s  so y  to  Sa n ta r é m  an d  th e n  ex p o r ts . It's  in c lu d e d  in  a se p a r a te  da ta s e t,

w h ic h  is  ap p e n d e d  to  th e  ex p o r t po r ts  an d  tr e a te d  as  su c h .

R o n d o n ia  Po r t an d  Wa te r w a y s  we b  po r ta l co n ta in s  a re p o r t sta tin g  th a t in  2 0 0 4 1.5 m illio n  to n s  of so y  we r e  ex p o r te d , th u s  th e  po r t

w a s  ac tiv e  at le a s t in  2 0 0 4.

A N T A Q : Po r t ex p o r te d  1 millio n  to n s  of so y  in  2 0 0 2

(h ttp ://w e b .a n ta q .g o v .b r /P o r ta l/A n u a r io s /P o r tu a r io 2 0 0 2/ I nfo r m a c o e s G e r a is P o r to s /P o r to s /P o r to V e lh o .h tm ).

2. 3 . T r a n s p o r t co s t an a ly s is

R e la tiv e  tr a n s p o r t co s ts  in  Br a z il we r e  es tim a te d  as  th e  cu m u la tiv e  co s t of mo v in g  fr o m  ea c h  gr id  ce ll to  th e  clo s e s t ex p o r t

p o r t. Co s t wa s  co n s id e r e d  as  a un itle s s  in d ic a to r  of th e  diffi c u lty  in  cr o s s in g  a ce ll, as  a fu n c tio n  of su r fa c e  ty p e  (T a b le   3). Its

v a lu e s  we r e  de fi n e d  co n s id e r in g  th e  diff e r e n c e s  be tw e e n  ea c h  su r fa c e  ty p e  an d  no t th e  ac tu a l tr a v e l co s t. Th u s , re s u lts

in d ic a te  a re la tiv e  co s t diff e r e n c e  fr o m  diff e r e n t re g io n s  an d  ye a r s  fo r  th e  Br a z ilia n  te r r ito r y .

T a b le  3. C o s t to  tr a v e r s e  a gr id  ce ll ba s e d  on  ro a d  su r fa c e  ty p e .

N o  ro a d  ne tw o r k 5 0

U n p a v e d  ro a d 3 6

P a v e d  ro a d 1 6

2. 4 . D a ta  pr o c e s s in g

P o r t 2 0 1 7 2 0 1 0 2 0 0 5 2 0 0 0 O b s e r v a tio n s

⁎ ⁎

S u r fa c e  ty p e C o s t

http://web.antaq.gov.br/Portal/Anuarios/Portuario2002/InformacoesGeraisPortos/Portos/PortoVelho.htm
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1.

2.

3.

4.

5.

6.

7.

8.

[ 1]

[ 2]

A ll da ta  we r e  pr o c e s s e d  us in g  th e  op e n  so u r c e  GR A S S  GIS  so ftw a r e  [ 2]. Ma n ip u la tio n  of ve c to r  da ta  attr ib u te  ta b le s  we r e

d o n e  us in g  GR A S S  GIS  da ta b a s e  ca p a b ilitie s  [ 6], es p e c ia lly  it's  ab ility  to  us e  SQ L  ( Str u c tu r e d  Qu e r y  La n g u a g e ) an d  pe r fo r m

d ir e c t co n n e c tio n  to  th e  un d e r ly in g  Re la tio n a l Da ta b a s e  Ma n a g e m e n t Sy s te m  ( RD B M S ). Co s t su r fa c e  wa s  ca lc u la te d  us in g

G R A S S  GIS  r.co st co m m a n d . A de ta ile d  de s c r ip tio n  of th e  alg o r ith m  ca n  be  fo u n d  in  r.co st ma n  pa g e  [ 7]. A de ta ile d

e x p la n a tio n  of all co m m a n d s  us e d , se q u e n c e s  an d  ex p e c te d  re s u lts  ar e  giv e n  in  th e  ma r k d o w n  fi le  tra n sp o rt_c o st.m d  ( als o

a v a ila b le  in  PD F  fo r m ). An  ov e r v ie w  of th e  pr o c e s s  ca r r ie d  ou t in  GR A S S  GIS  is  giv e n  be llo w . Fo r  a be tte r  co m p r e h e n s io n  of

G R A S S  GIS  ca p a b ilitie s  an d  co n c e p ts , re fe r  to  th e  Gr a s s  wik i, sp e c ia lly  GR A S S  He lp  [ 8] an d  GIS  Co n c e p ts  in  GR A S S  [ 9].

A ll pr o c e s s  wa s  ca r r ie d  ou t us in g  EP S G : 4 3 2 6 pr o je c tio n ;

V e c to r  ma p s  ( ro a d  ne tw o r k s  an d  po ts  lo c a tio n s ) wh e r e  im p o r te d  in to  th e  GR A S S  da ta b a s e  us in g  v .in .o g r an d  co m m a n d ;

P o r ts  la y e r  we r e  se p a r a te d  in to  diff e r e n t la y e r s  co n ta in in g  on ly  th e  ac tiv e  po r ts  fo r  ea c h  ye a r ;

A ll pla n n e d  ro a d s  fr o m  th e  2 0 1 7 ro a d  ne tw o r k  la y e r  wh e r e  re m o v e d ;

T h e  2 0 1 0 ro a d  ne tw o r k  la y e r  wa s  cr e a te d  by  co p y in g  th e  2 0 1 7. Th e  ro a d  su r fa c e  sta tu s  wa s  re m o v e d  an d  po p u la te d  by

jo in in g  with  th e  2 0 1 0 ro a d  su r fa c e  sta tu s  ta b le , ba s e d  on  ro a d  se c tio n  id . Se c tio n  id s  no t pr e s e n t in  th e  2 0 1 0 ro a d

s u r fa c e  sta tu s  ta b le  we r e  jo in e d  ba s e d  on  ro a d  nu m b e r  an d  sta r t/e n d  km  ma r k s , us in g  th e  fi x _r o a d _ a ttrib u te.p y  co d e ;

S te p  5 wa s  re p e a te d  fo r  ye a r s  2 0 0 5 a nd  2 0 0 0;

F o r  all ye a r s , co s t va lu e  wa s  ad d e d  to  th e  ro a d  ne tw o r k  la y e r  an d  co n v e r t to  ra s te r  fo r m a t. Ac tiv e  po r ts  da ta s e t wa s  als o

c o n v e r te d  to  ra s te r  fo r m a t;

C o s t an a ly s is  (r.co st co m m a n d ) wa s  ca r r ie d  ou t fo r  all ye a r s , us in g  th e  po r ts  la y e r  as  th e  sta r tin g  po in t

F u n d in g

T h is  wo r k  wa s  su p p o r te d  by  Em b r a p a  an d  th e  Sã o  Pa u lo  Re s e a r c h  Fo u n d a tio n  ( FA P E S P ), pr o c e s s e s  1 4/5 0 6 2 8 – 9,  1 5/2 5 8 9 2 – 7,

a n d  1 8/0 8 2 0 0 – 2.  We  gr a te fu lly  ac k n o w le d g e  th e  fu n d in g  su p p o r t by  th e  U K  Na tu r a l En v ir o n m e n t Re s e a r c h  Co u n c il, un d e r

g r a n t re fe r e n c e  N E /M 0 2 1 3 3 5/ 1 .

D e c la r a tio n  of Co m p e tin g  I nte r e s t

T h e  au th o r s  de c la r e  th a t th e y  ha v e  no  kn o w n  co m p e tin g  fi n a n c ia l in te r e s ts  or  pe r s o n a l re la tio n s h ip s  wh ic h  ha v e , or  co u ld

b e  pe r c e iv e d  to  ha v e , in fl u e n c e d  th e  wo r k  re p o r te d  in  th is  ar tic le .

A p p e n d ix . S u p p le m e n ta r y  ma te r ia ls

D o w n lo a d  : D o w n lo a d  Ac ro b a t PD F  fi le  ( 6 MB )

R e c o m m e n d e d  artic le s Ci tin g  artic le s  ( 0)

R e fe r e n c e s

J.D .A . M illin g to n , V . K a te r in c h u k , R .F .B . d a  Silv a , D . d e  Ca s tr o  Vic to r ia , M . B a tis te lla

M o d e llin g  dr iv e r s  of Br a z ilia n  ag r ic u ltu r a l ch a n g e  in  a te le c o u p le d  wo r ld

E n v ir o n . Mo d e l. So ftw a r e , 1 3 9  (2 0 2 1 ), Ar tic le  1 0 5 0 2 4 , 1 0. 1 0 1 6/ j.e n v s o ft.2 0 2 1. 1 0 5 0 2 4

A rtic le D o w n lo a d  PD F V ie w  Re c o rd  in  Sc o p u s G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G e o g r a p h ic  R es o u r c e s  An a ly s is  Su p p o r t Sy s te m  ( GR A S S  GI S ) S oftw a r e

https://ars.els-cdn.com/content/image/1-s2.0-S2352340921003541-mmc1.pdf
https://ars.els-cdn.com/content/image/1-s2.0-S2352340921003541-mmc1.pdf
https://doi.org/10.1016/j.envsoft.2021.105024
https://www.sciencedirect.com/science/article/pii/S1364815221000670
https://www.sciencedirect.com/science/article/pii/S1364815221000670/pdfft?md5=f1ef89b801aa45238f8b8389ad4c84c4&pid=1-s2.0-S1364815221000670-main.pdf
https://www.scopus.com/inward/record.url?eid=2-s2.0-85101989736&partnerID=10&rel=R3.0.0
https://scholar.google.com/scholar_lookup?title=Modelling%20drivers%20of%20Brazilian%20agricultural%20change%20in%20a%20telecoupled%20world&publication_year=2021&author=J.D.A.%20Millington&author=V.%20Katerinchuk&author=R.F.B.%20da%20Silva&author=D.%20de%20Castro%20Victoria&author=M.%20Batistella
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[ 3]

[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

O p e n  So u r c e  Ge o s p a tia l Fo u n d a tio n , U S A  (2 0 1 7 )

G o o g le  Sc h o la r

D N IT

D N I T  Ge o

(2 0 2 0 )

D NI T

h ttp ://w w w .d n it.g o v .b r /p la n e ja m e n to -e -p e s q u is a /d n it-g e o /d n it-g e o

( ac c e s s e d  Ma y  0 4)

G o o g le  Sc h o la r

D N IT

S is te m a  Na c io n a l de  Via ç ã o  ( S NV )

(2 0 1 8 )

( ac c e s s e d  Ja n . 1 8) [ On lin e ]. Av a ila b le  h ttp ://w w w .d n it.g o v .b r /s is te m a -n a c io n a l-d e -v ia c a o /s is te m a -n a c io n a l-d e -v ia c a o

G o o g le  Sc h o la r

M in is té r io  da  Ag r ic u ltu r a

P e c u á r ia  e Ab a s te c im e n to  ( MA P A ), “A g r o s ta t - Es ta tís tic a s  de  Co m é r c io  Ex te r io r  do  Ag r o n e g ó c io  Br a s ile ir o

A g r o s ta t (2 0 2 0 )

h ttp ://in d ic a d o r e s .a g r ic u ltu r a .g o v .b r /a g r o s ta t/in d e x .h tm

( ac c e s s e d  Ma y  0 4)

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G R A S S  GI S  Ma n u a l: S QL  su p p o r t in  GR A S S  GI S

(2 0 2 0 )

h ttp s ://g r a s s .o s g e o .o r g /g r a s s 7 8/ m a n u a ls /s q l.h tm l

( ac c e s s e d  Ma y  0 4)

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m , “r.c o s t - GR A S S  GIS  ma n u a l,”  2 0 2 0. h ttp s ://g r a s s .o s g e o .o r g /g r a s s 7 8/ m a n u a ls /r.c o s t.h tm l

( ac c e s s e d  Ma y  0 4, 2 0 2 0).

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G R A S S  He lp  - GR A S S -W ik i

(2 0 2 1 )

a c c e s s e d  Ma r  3 1

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G I S  Co n c e p ts  - GR A S S -W ik i

(2 0 2 1 )

a c c e s s e d  Ma r  3 1
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S p e c ifi c a tio n s  Ta b le

T r a n s p o r ta tio n

T r a n s p o r t co s t of ag r ic u ltu r a l co m m o d itie s  ba s e d  on  ro a d  co n d itio n  an d  dis ta n c e  to  po r t

T a b le  

R a s te r  im a g e  ( Ge o T I FF ) 

V e c to r  ne tw o r k  ( Ge o P a c k a g e  an d  sh a p e fi le )

A ll or ig in a l da ta  we r e  do w n lo a d e d  fr o m  offi c ia l go v e r n m e n ta l we b s ite s  an d  pr o c e s s e d  us in g  GR A S S  GI S v.7 [ 2].

R a w  

P r o c e s s e d

O n ly  da ta  fr o m  offi c ia l go v e r n m e n ta l so u r c e s  we r e  utiliz e d . Fo r  so m e  po r ts , th e  op e r a tio n a l his to r y  wa s  ob ta in e d  fr o m  th e

p o r t we b s ite  or  re g io n a l ne w s  re p o r ts .

F e d e r a l ro a d  ne tw o r k  sh a p e fi le s  an d  ro a d  sta tu s  da ta  we r e  do w n lo a d e d  fr o m  th e  Br a z ilia n  N atio n a l De p a r tm e n t of Tr a n s p o r t

I nfr a s tr u c tu r e  ( DN I T) we b s ite . Th e  tw o  da ta s e ts  us e d  we r e  th e  N atio n a l Ro a d  Sy s te m  ( SN V  – Sis te m a  N ac io n a l de  Via ç ã o ) fo r

y e a r  2 0 1 7, ob ta in e d  fr o m  th e  DN I TG e o  we b s ite  [ 3] an d  th e  ro a d  sta tu s  ta b le s  fr o m  th e  Na tio n a l Ro a d  Pla n  ( PN V ) fo r  ye a r s

2 0 0 0,  2 0 0 5 an d  2 0 1 0, ob ta in e d  

fr o m  [ 4]. 

I nfo r m a tio n  on  ex p o r t po r t op e r a tio n s  we r e  ob ta in e d  fr o m  th e  Ag r o s ta t we b s ite  [ 5]. Als o , so m e  ne w s  re p o r ts  an d  in fo r m a tio n

o n  th e  his to r y  of se le c te d  po r ts  we r e  co n s u lte d  in  or d e r  to  es ta b lis h  th e  sta r t of op e r a tio n s . 

A ll da ta  we r e  pr o c e s s e d  in  GR A S S  GI S [ 2] an d  th e  co m m a n d s  an d  sc r ip ts  us e d  to  re c r e a te  th e  fi n a l ro a d  ne tw o r k  sta tu s  fo r

y e a r s  2 0 0 0, 2 0 0 5 an d  2 0 1 0, alo n g  with  th e  tr a n s p o r t co s t ma p s , ar e  in c lu d e d  in  th is  da ta s e t.

I ns titu tio n : Em b r a p a  Ag r ic u ltu r a l I nfo r m a tic s  

C ity /T o w n /R e g io n : Ca m p in a s , SP  

C o u n tr y : B ra z il 

P r im a r y  da ta  so u r c e s : 

D N I TG e o  We b s ite  

I ns titu tio n : Na tio n a l De p a r tm e n t of Tr a n s p o r t I nfr a s tr u c tu r e  ( DNI T ) 

C ity /T o w n /R e g io n : B ra s ilia , DF  

C o u n tr y : B ra z il 

U R L : h ttp ://w w w .d n it.g o v .b r /p la n e ja m e n to - e- pe s q u is a /d n it- ge o  

N a tio n a l Ro a d  Pla n  

I ns titu tio n : Na tio n a l De p a r tm e n t of Tr a n s p o r t I nfr a s tr u c tu r e  ( DNI T ) 

C ity /T o w n /R e g io n : B ra s ilia , DF  

C o u n tr y : B ra z il 

U R L : h ttp ://w w w .d n it.g o v .b r /s is te m a - na c io n a l- de -v ia c a o /s is te m a - na c io n a l- de -v ia c a o  

A g r o s ta t 

I ns titu tio n : Min is tr y  of Ag r ic u ltu r e , Liv e s to c k  an d  Fo o d  Su p p ly  

S u b je c t

S p e c ifi c

s u b je c t ar e a

T y p e  of

d a ta

H o w  da ta

w e r e

a c q u ir e d

D a ta  fo r m a t

P a r a m e te r s

fo r  da ta

c o lle c tio n

D e s c r ip tio n

o f da ta

c o lle c tio n

D a ta  so u r c e

lo c a tio n
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•
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1.

2.

3.

C ity /T o w n /R e g io n : B ra s ilia , DF  

C o u n tr y : B ra z il 

U R L : h ttp ://in d ic a d o r e s .a g r ic u ltu r a .g o v .b r /a g r o s ta t/in d e x .h tm

R e p o s ito r y  na m e : Me n d e le y  Da ta

D a ta  id e n tifi c a tio n  nu m b e r : DO I: 1 0.1 7 6 3 2/ 6 x b jz y z 3t h .2

D ir e c t UR L  to  da ta : h ttp s ://d a ta .m e n d e le y .c o m /d a ta s e ts /6 x b jz y z 3t h /2

Ja m e s  D.A . Millin g to n , Va le r i Ka te r in c h u k , Ra m o n  Fe lip e  Bic u d o  da  Silv a , Da n ie l de  Ca s tr o  Vic to r ia , Ma te u s  Ba tis te lla .

M o d e llin g  dr iv e r s  of Br a z ilia n  ag r ic u ltu r a l ch a n g e  in  a te le c o u p le d  wo r ld . En v ir o n m e n ta l Mo d e llin g  & So ftw a r e . Vo lu m e  1 3 9,

2 0 2 1,  1 0 5,0 2 4,  I SS N  1 3 6 4 – 8 1 5 2.

V a lu e  of th e  Da ta

T r a n s p o r t co s t an d  ro a d  in fr a s tr u c tu r e  pla y  an  im p o r ta n t ro le  in  ag r ic u ltu r a l ex p o r ts . I nfo r m a tio n  on  ho w  th e s e  co s ts

c h a n g e  ov e r  tim e  an d  ac r o s s  sp a c e  ca n  he lp  un d e r s ta n d  th e  dy n a m ic s  be h in d  la n d  us e /c o v e r  ch a n g e  an d  th e  im p a c t of

in fr a s tr u c tu r e  de v e lo p m e n t on  th e  ag r ic u ltu r e  se c to r. Th e  da ta s e t co v e r s  Br a z il, a la r g e  an d  im p o r ta n t pr o d u c e r  of

a g r ic u ltu r a l pr o d u c ts  tr a d e d  in te r n a tio n a lly .

T h e  da ta s e t ca n  be  us e d  by  re s e a r c h e r s  an d  de c is io n -m a k e r s  stu d y in g  or  co n c e r n e d  ab o u t la n d  us e /c o v e r  ch a n g e  an d

th e  im p a c t of in fr a s tr u c tu r e  on  co m m o d itie s  ex p o r t, ho w  tr a n s p o r t co s ts  ha v e  ch a n g e d  ov e r  tim e , wh e r e  ne w

tr a n s p o r ta tio n  an d  po r t in fr a s tr u c tu r e  co u ld  be  pla c e d , or  to  id e n tify  bo ttle n e c k s  in  tr a n s p o r t in fr a s tr u c tu r e . It co u ld

a ls o  be  us e d  to  gu id e  fu tu r e  in fr a s tr u c tu r e  de v e lo p m e n t pla n s .

T h e  da ta s e t co n s id e r s  a re la tiv e  co s t diff e r e n c e  am o n g  re g io n s  an d  ro a d  sta tu s  an d  is  ac c o m p a n ie d  by  all co d e s  an d

s c r ip ts  us e d  to  cr e a te  it. Th u s , us e r s  of th e  da ta s e t ma y  ad a p t or  im p r o v e  up o n  th e  da ta , giv e n  th e ir  sp e c ifi c  ne e d s . All

d a ta  we r e  pr o c e s s e d  us in g  op e n  so u r c e  so ftw a r e  an d  ar e  su p p lie d  in  co m m o n  fo r m a ts  su p p o r te d  by  all ma jo r  GIS .

T h u s , th e r e  is  no  ne e d  to  ac q u ir e  lic e n s e s  to  re c r e a te  or  im p r o v e  th e  re s u lts .

U p -to -d a te  ro a d s  ne tw o r k  ma p s  ar e  av a ila b le  fr o m  th e  Br a z ilia n  tr a n s p o r ta tio n  au th o r ity  [ 3]. Ho w e v e r, pa s t ro a d  su r fa c e

s ta tu s e s  ar e  su p p lie d  as  ta b le s  [ 4], no t ea s ily  re la te d  to  th e  ro a d  ne tw o r k , ma k in g  it diffi c u lt to  ma p  pa s t ro a d  co n d itio n s .

T h e  pr o c e s s  de s c r ib e d  he r e  lin k s  ro a d  se c tio n s  to  pa s t su r fa c e  sta tu s , re s u ltin g  in  tr a n s p o r ta tio n  co s t su r fa c e s  th a t ar e

c o n s is te n t an d  co m p a r a b le  ac r o s s  ye a r s .

1 . D a ta  De s c r ip tio n

T h e  da ta s e t is  or g a n iz e d  in  a fo ld e r  str u c tu r e  th a t in c lu d e s : i) a de ta ile d  de s c r ip tio n  of th e  ste p s  us e d  to  cr e a te  th e  tr a n s p o r t

c o s t su r fa c e  da ta s e t; ii) th e  in p u t da ta s e ts  us e d  to  cr e a te  th e  fi n a l tr a n s p o r t co s t iii) th e  ac tu a l tr a n s p o r t co s t da ta s e t an d  iv )

fi g u r e s  us e d  in  th e  de ta ile d  de s c r ip tio n  re p o r t.

T h e  co n te n ts  of ro o t fo ld e r  of th e  da ta s e t in c lu d e s :

A  br ie f de s c r ip tio n  of th e  da ta s e t fo ld e r  str u c tu r e  (rea d m e.m d  or  rea d m e.tx t) in  ma r k d o w n  fo r m a t or  te x t with o u t

fo r m a tin g  ma r k s , re s p e c tiv e ly );

a  de ta ile d  de s c r ip tio n  of th e  da ta s e t cr e a tio n  pr o c e s s , in c lu d in g  all GR A S S  GIS  co m m a n d s  us e d , ex p la n a to r y  te x t an d

r e s u lts  ob ta in e d . Th is  is  pr e s e n te d  in  ma r k d o w n  fo r m a t (tra n sp o rt_c o st.m d ) an d  als o  in  a re n d e r e d  PD F  fi le

(tra n sp o rt_c o st.p d f);

A d d itio n a l co d e  us e d  in  th e  da ta  cr e a tio n  pr o c e s s  in c lu d in g  a ba s h  sc r ip t (a d d _s u rfa ce_c o d e.sh ) th a t in s e r ts  ro a d  sta tu s

c o d e s  to  th e  ro a d  ne tw o r k  ve c to r  la y e r  us e d  in s id e  GR A S S  GIS  an d  a py th o n  sc r ip t (fi x _r o a d _ a ttrib .p y ) th a t ma tc h e s  ro a d

D a ta

a c c e s s ib ility

R e la te d

r e s e a r c h

a r tic le
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1.

2.

3.

1.

s e c tio n s  in  th e  ro a d  ne tw o r k  ve c to r  la y e r  to  ro a d  su r fa c e  sta tu s  in  th e  sta tu s  ta b le  fo r  ea c h  ye a r. File s  m a tch es_ 2 0 0 0. tx t,

m a tch es_ 2 0 0 5. tx t an d  m a tch es_ 2 0 1 0. tx t co n ta in  th e  ma tc h e s  ob ta in e d  by  th e  p y th o n  sc r ip t.

T h e  in p u t fo ld e r  co n ta in s  th e  or ig in a l da ta  us e d  to  cr e a te  th e  tr a n s p o r t co s t da ta s e t. It co n ta in s  th e  ro a d  ne tw o r k s  ve c to r

fi le s , th e  ro a d  su r fa c e  sta tu s  ta b le s  an d  ex p o r t po r t lo c a tio n s , as  de s c r ib e d  be llo w :

F o ld e r  in p u t/p o rts co n ta in s  th e  lo c a tio n  of all Br a z ilia n  s o y  ex p o r t po r ts  (S o y P o rts.sh p ); in te r n a l so y  Po r ts

(in tern a l_ p o rts_s o y be a n .sh p ), th a t se n d s  th e  co m m o d ity  to  an  ex p o r t po r t; an d  a ta b le  (p o rts_ y ea r_ a ctiv e.o d s or

p o rts_ y ea r_ a ctiv e.x lsx ) de ta ilin g  wh ic h  po r ts  we r e  ac tiv e  in  ea c h  ye a r. Th is  da ta s e t wa s  bu ilt us in g  th e  Br a z ilia n  Ag r o s ta t

p la ta fo r m  [ 5]. Bo th  lo c a tio n  da ta s e ts  ar e  in  sh a p efi le fo r m a t, wh ic h  ca n  be  op e n e d  by  all ma jo r  GIS  so ftw a r e . Th e

r e a d m e .m d  fi le  de s c r ib e s  th e  da ta  so u r c e s ;

F o ld e r  in p u t/ro a d s/P N V  co n ta in s  th e  Br a z ilia n  Fe d e r a l Ro a d  ne tw o r k  in  sh a p efi le fo r m a t (S N V _ 2 0 1 7 1 0 b .sh p  an d

a c c o m p a n in g  fi le s ). Th is  re p r e s e n ts  th e  ro a d  ne tw o r k  sta tu s  in  th e  ye a r  2 0 1 7 an d  wa s  ob ta in e d  fr o m  th e  DN IT  -

N a tio n a l De p a r tm e n t of Tr a n s p o r t I nfr a s tr u c tu r e  [ 3]. A br ie f de s c r ip tio n  of th e  da ta s e t is  giv e n  in  rea d m e_ S N V _r o a d s.m d ;

F o ld e r  in p u t/ro a d s/B ra z il_f ed era l_r o a d s_ S N V  co n ta in s  fe d e r a l ro a d  se c tio n  an d  su r fa c e  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5 a nd

2 0 1 0.  It wa s  ob ta in e d  fr o m  th e  DN IT  - Na tio n a l Ro a d s  Pla n  ( PN V ) [ 4] in  Mic r o s o ft Ex c e l fo r m a t ( ex .: P N V 2 0 0 0. x lsx ) an d

c o n v e r te d  to  CS V  ( ex .: P N V 2 0 0 0. csv ) to  allo w  fo r  da ta  im p o r t in to  Gr a s s  GIS . CS V T  fi le s  ( ex .: P N V 2 0 0 0. csv t) in d ic a te s  da ta

fi e ld  ty p e s , ne e d e d  to  im p o r t da ta  in  th e  co r r e c t fo r m a t. A br ie f de s c r ip tio n  of th e  da ta s e t is  giv e n  in

rea d m e_r o a d _ n etw o rk _s ta tu s.m d ;

T h e  o u tp u t fo ld e r  co n ta in s  th e  re s u lts  of th e  da ta  an a ly s is  co n d u c te d  on  th e  in p u t da ta  by  fo llo w in g  th e  ste p s  de ta ile d  in

tra n sp o rt_c o st.m d . It co n ta in s :

ro a d _ n etw o rk _ p o rts_ 2 0 0 0 _ 2 0 1 7. z ip  - Ve c to r  la y e r s  ( Ge o P a c k a g e  fo r m a t) of ex p o r t po r ts  an d  re c o n s tr u c te d  fe d e r a l ro a d

n e tw o r k  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 01 0 a n d  2 0 1 7 (F ig .  1). Da ta  is  su p p lie d  in  Ge o p a c k a g e  fo r m a t th a t ca n  be  op e n e d  by

a ll ma jo r  GIS  so ftw a r e . Du e  to  its  siz e , th e  Ge o P a c k a g e  fi le  ha s  be e n  co m p a c te d ;

D o w n lo a d  : D o w n lo a d  hig h -re s  im a g e  ( 7 0 1 KB ) D o w n lo a d  : D o w n lo a d  fu ll- siz e  im a g e

F ig . 1. R e c o n s tr u c te d  DN IT  Ro a d  Ne tw o r k  with  sim p lifi e d  ro a d  su r fa c e  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7 an d

s o y  ex p o r t po r ts  ac tiv e  in  ea c h  ye a r, re s p e c tiv e ly . Th r e e  le tte r s  DN IT  su r fa c e  co d e s  in  pa r e n te s e s .
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2.
ro a d _ d ista n ceY Y Y Y .z ip  - Ra s te r  im a g e s  ( Ge o T IF F  fo r m a t) of r e la tiv e  co s t dis ta n c e  to  th e  ne a r e s t ex p o r t po r t fo r  th e

B r a z ilia n  te r r ito r y , ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 a nd  2 0 1 7 (F ig .  2). Da ta s e t us e s  WG S 8 4 S p a tia l Re fe r e n c e  Sy s te m  ( EP S G : 4 3 2 6)

w ith  3 6 ar c s e c  sp a tia l re s o lu tio n  ( ap p r o x  5 5 0  m). Th e  Ge o T iff  fo r m a t ca n  be  op e n e d  by  all ma jo r  GIS  so ftw a r e .

D o w n lo a d  : D o w n lo a d  hig h -re s  im a g e  ( 9 1 5 KB ) D o w n lo a d  : D o w n lo a d  fu ll- siz e  im a g e

F ig . 2. C u m u la tiv e  co s t dis ta n c e  to  po r t, fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 a nd  2 0 1 7.

T h e  fi g  fo ld e r  co n ta in s  fi g u r e s  us e d  he r e  an d  in  th e  fu ll de ta ile d  re p o r t (tra n sp o rt_c o st.m d  or  tra n sp o rt_c o st.p d f) in  PN G

fo r m a t. Th e s e  in c lu d e  th e  re c o n s tr u c te d  Br a z ilia n  fe d e r a l ro a d  ne tw o r k  with  ro a d  su r fa c e  sta tu s  an d  po r t lo c a tio n s  fo r

y e a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 a nd  2 0 1 7 a nd  th e  re la tiv e  co s t dis ta n c e  to  th e  clo s e s t ex p o r t po r t fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7.

A  su m m a r y  of th e  fo ld e r  str u c tu r e  an d  its  co n te n ts  is  giv e n  in  T a b le   1.

T a b le  1. F o ld e r  str u c tu r e , fi le s  co n ta in e d  in  th e  da ta s e t an d  de ta ile d  de s c r ip tio n .

fi g s d n it2 0 0 0 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 0 0 _ r o a d _ n e tw o r k _ p o r ts .p n g  

d n it2 0 0 5 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 0 5 _ r o a d _ n e tw o r k _ p o r ts .p n g  

d n it2 0 1 0 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 1 0 _ r o a d _ n e tw o r k _ p o r ts .p n g  

d n it2 0 1 7 _ r o a d _ n e tw o r k _ p o r ts .p g w  

d n it2 0 1 7 _ r o a d _ n e tw o r k _ p o r ts .p n g

F o ld e r  co n ta in s  fi g u r e s  us e d  in  th e  fu ll de ta ile d  re p o r t (tr a n s p o r t_ c o s t.m d ).

A c tu a l fi n a l da ta s e t is  in  ou tp u t fo ld e r. 

B r a z ilia n  fe d e r a l ro a d  ne tw o r k  with  ro a d  su r fa c e  sta tu s  an d  po r t lo c a tio n s  fo r

y e a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7. 

A c c o m p a n y in g  PG W  fi le s  co n ta in s  ge o r e fe r e n c in g  in fo r m a tio n  fo r  th e  PN G fi le s

F o ld e r F ile s D e s c r ip tio n
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d n it_ r o a d _ n e tw o r k _ 4 y e a r s .p n g  

d n it_ r o a d _ n e tw o r k _ 4 y e a r s _ n o _  

d a n n o ta tio n s .p n g  

d n it_ r o a d _ n e tw o r k _ 4 y e a r s _ n o _  

a n n o ta tio n s _ s im p le _l e g e n d .p n g

F ig u r e  with  all fo u r  ye a r s  of ro a d  ne tw o r k  an d  po r ts , with , with o u t an n o ta tio n s

a n d  sim p lifi e d  le g e n d .

d n it_ r o a d _ d is ta n c e 2 0 0 0. p n g  

d n it_ r o a d _ d is ta n c e 2 0 0 5. p n g  

d n it_ r o a d _ d is ta n c e 2 0 1 0. p n g  

d n it_ r o a d _ d is ta n c e 2 0 1 7. p n g

R e la tiv e  co s t dis ta n c e  to  th e  clo s e s t ex p o r t po r t fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d

2 0 1 7

d n it_ r o a d _ d is ta n c e _ 4 y e a r s .p n g  F ig u r e  with  all fo u r  ye a r s  of ro a d  ne tw o r k  co s t dis ta n c e  to  clo s e s t po r t.

in p u t/p o r ts r e a d m e .m d B r ie f ex p la n a tio n  of th e  po r ts  in p u t da ta s e t

in te r n a l_ p o r ts _ s o y b e a n .c p g  

in te r n a l_ p o r ts _ s o y b e a n .d b f 

in te r n a l_ p o r ts _ s o y b e a n .p r j 

in te r n a l_ p o r ts _ s o y b e a n .s b n  

in te r n a l_ p o r ts _ s o y b e a n .s b x  

in te r n a l_ p o r ts _ s o y b e a n .s h p  

in te r n a l_ p o r ts _ s o y b e a n .s h x

S h a p e fi le  with  th e  lo c a tio n  of in te r n a l an d  e x p o r t po r ts  th a t ha n d le  ag r ic u ltu r a l

c o m m o d itie s . 

S h a p e fi le  fo r m a t is  co m p r is e d  of se v e r a l fi le s , no t all be in g  ma n d a to r y

S o y P o r ts .c p g  

S o y P o r ts .d b f 

S o y P o r ts .p r j 

S o y P o r ts .s h p  

S o y P o r ts .s h x

S h a p e fi le  with  lo c a tio n  of ex p o r t po r ts  th a t ha n d le  ag r ic u ltu r a l co m m o d itie s . 

S h a p e fi le  fo r m a t is  co m p r is e d  of se v e r a l fi le s , no t all be in g  ma n d a to r y

p o r ts _ y e a r _ a c tiv e .o d s  

p o r ts _ y e a r _ a c tiv e .x ls x

S p r e a d s h e e t de ta ilin g  am o u n t of so y  ex p o r te d  by  ea c h  po r t, ea c h  ye a r, in  or d e r  to

d e te r m in e  wh e n  ea c h  ex p o r t po r t wa s  ac tiv e . Av a ila b le  in  Lib r e O ffi c e  fo r m a t

( OD S ) an d  Ex c e l ( XL S X )

in p u t/r o a d s /P N V r e a d m e _ r o a d _ n e tw o r k _ s ta tu s .m d B r ie f in d ic a tio n  of da ta  so u r c e  an d  ro a d  sta tu s  co d e  an d  de s c r ip tio n  in

P o r tu g u e s e  an d  En g lis h

P N V 2 0 0 0. c s v  

P N V 2 0 0 0. c s v t 

P N V 2 0 0 0. x ls x  

P N V 2 0 0 5. c s v  

P N V 2 0 0 5. c s v t 

P N V 2 0 0 5. x ls x  

P N V 2 0 1 0. c s v  

P N V 2 0 1 0. c s v t 

P N V 2 0 1 0. x ls x

T a b le s  in d ic a tin g  fe d e r a l ro a d  se c tio n  an d  su r fa c e  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5 an d

2 0 1 0.  

O r ig in a l da ta  fr o m  DN I T is  in  XL S X  fo r m a t.

C o n v e r te d  to  CS V  fo r  da ta  im p o r t in to  Gr a s s  GI S. CS V T  fi le  in d ic a te s  da ta  fi e ld

ty p e s , ne e d e d  to  im p o r t da ta  in  th e  co r r e c t fo r m a t

in p u t/r o a d s /B r a z il_  

fe d e r a l_ r o a d s _ S N V

r e a d m e _ S N V _ r o a d s .m d  B r ie f in d ic a tio n  of da ta  so u r c e

F o ld e r F ile s D e s c r ip tio n
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1.

2.

3.

4.

1.

1.

2.

3.

S N V _ 2 0 1 7 1 0 B. c p g  

S N V _ 2 0 1 7 1 0 B. d b f 

S N V _ 2 0 1 7 1 0 B. p r j 

S N V _ 2 0 1 7 1 0 B. s b n  

S N V _ 2 0 1 7 1 0 B. s b x  

S N V _ 2 0 1 7 1 0 B. s h p  

S N V _ 2 0 1 7 1 0 B. s h x

S h a p e fi le  with  th e  fe d e r a l ro a d  ne tw o r k  fo r  th e  ye a r  2 0 1 7. Co n ta in s  ro a d  su r fa c e

s ta tu s

o u tp u t r o a d _ d is ta n c e 2 0 0 0. z ip  

r o a d _ d is ta n c e 2 0 0 5. z ip  

r o a d _ d is ta n c e 2 0 1 0. z ip  

r o a d _ d is ta n c e 2 0 1 7. z ip

R a s te r  im a g e s  ( Ge o T I FF  fo r m a t) of re la tiv e  co s t dis ta n c e  to  th e  ne a r e s t ex p o r t

p o r t fo r  th e  Br a z ilia n  te r r ito r y , ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7. 

D a ta s e t us e s  WG S 8 4 S p a tia l Re fe r e n c e  Sy s te m  ( EP S G : 4 3 2 6) with  3 6 ar c s e c  sp a tia l

r e s o lu tio n  ( ap r o x  5 5 0  m)

r o a d _ n e tw o r k _ p o r ts _ 2 0 0 0 _ 2 0 1 7. z ip V e c to r  la y e r s  ( Ge o P a c k a g e  fo r m a t) of ex p o r t po r ts  an d  re c o n s tr u c te d  fe d e r a l ro a d

n e tw o r k  sta tu s  fo r  ye a r s  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7.

. ( ro o t) r e a d m e .m d  an d  re a d m e .tx t B r ie f dir e c to r y  str u c tu r e  de s c r ip tio n

a d d _ s u r fa c e _ c o d e .s h B a s h  sc r ip t to  in s e r t ro a d  su r fa c e  sta tu s  co d e  to  2 0 1 7 ro a d  ne tw o r k  ve c to r  la y e r

fi x _ r o a d _ a ttr ib .p y P y th o n  sc r ip t to  id e n tify  ma tc h e s  fr o m  ro a d  se c tio n s  in  th e  ro a d  ne tw o r k  ve c to r

la y e r  to  ro a d  su r fa c e  sta tu s  ta b le  fo r  ea c h  ye a r.

m a tc h e s _ 2 0 0 0. tx t 

m a tc h e s _ 2 0 0 5. tx t 

m a tc h e s _ 2 0 1 0. tx t

R e s u lts  fr o m  th e  ro a d  se c tio n  an d  sta tu s  ma tc h  py th o n  sc r ip t.

tr a n s p o r t_ c o s t.m d  

tr a n s p o r t_ c o s t.p d f

D e ta ile d  de s c r ip tio n  of da ta s e t cr e a tio n , in c lu d in g  GR A S S  GI S co m m a n d s  us e d

a n d  re s u lts  ob ta in e d . Re p o r t is  in  Ma r k d o w n  fo r m a t ( md ) an d  is  ac c o m p a n ie d  by

a  re n d e r e d  PD F .

2 . E x p e r im e n ta l De s ig n , Ma te r ia ls  an d  Me th o d s

T h is  da ta s e t wa s  co n s tr u c te d  to  be  us e d  as  th e  In fra stru ctu re Ca p ita l in p u t fo r  th e  CR A F T Y -B r a z il mo d e l [ 1].

2. 1 . R o a d  ne tw o r k  re c o n s tr u c tio n

A  de ta ile d  fe d e r a l ro a d  ne tw o r k  ve c to r  da ta s e t wa s  do w n lo a d e d  fr o m  th e  Na tio n a l De p a r tm e n t of Tr a n s p o r t I nfr a s tr u c tu r e

( DN IT ) ge o s p a tia l da ta b a s e  [ 3]. Th is  da ta b a s e  co n ta in s  ro a d  ne tw o r k  ve c to r  la y e r s , in  sh a p e fi le  fo r m a t, be g in n in g  in  2 0 1 3.

T h e  da ta s e t fo r  2 0 1 7 wa s  us e d , alo n g  with  ro a d  nu m b e r, th e  ro a d  se c tio n  co d e , ro a d  se c tio n  sta r t an d  sto p  km  ma r k s  an d

r o a d  su r fa c e  sta tu s , with  th e  fo llo w in g  cla s s ifi c a tio n  ( or ig in a l cla s s  co d e  an d  po r tu g u e s e  de s c r ip tio n  in  pa r e n th e s e s ):

P la n n e d  ( “P L A  - Pla n e ja d a ” )

U n p a v e d  ne tw o r k  ( “R e d e  nã o  pa v im e n ta d a ” )

N a tu r a l te r r a in . Op e n  ro a d , no t co n fo r m in g  to  co n s tr u c tio n  re g u la tio n s  ( “L E N  - le ito  na tu r a l” )

U n d e r  co n s tr u c tio n  to  be  im p le m e n te d  ( “E O I - em  ob r a s  im p la n td e  im p la n ta ç ã o ” )

E s ta b lis h e d  un p a v e d  ro a d  ( “IM P  - im p la n ta d a ” )

U n d e r  co n s tr u c tio n . Es ta b lis h e d  ro a d  be in g  pa v e d  ( “E O P  - em  ob r a s  pa v im e n ta ç ã o ” )

P a v e d  ne tw o r k  ( “r e d e  pa v im e n ta d a ” )

P a v e d  ro a d  sin g le  la n e  ( “P A V  - pis ta  sim p le s ” )

F o ld e r F ile s D e s c r ip tio n
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2.

3.

S e c o n d  la n e  un d e r  co n s tr u c tio n . Pa v e d  ro a d  be in g  du p lic a te d  - ( “E O D  - em  ob r a  de  du p lic a ç ã o ” )

D o u b le  la n e  ( “D U P  - pis ta  du p la ” )

In  or d e r  to  re c o n s tr u c t ro a d  ne tw o r k s  an d  su r fa c e  sta tu s  pr io r  to  ye a r  2 0 1 3, ro a d  se c tio n  in fo r m a tio n  fo r  th e  ye a r s  2 0 0 0,

2 0 0 5 a n d  2 0 1 0 we r e  ob ta in e d  fr o m  th e  Na tio n a l Ro a d  Sy s te m  ( SN V ) [ 4]. Th is  in fo r m a tio n  co m e s  as  ta b le s  kn o w n  as

N a tio n a l Ro a d s  Pla n  ( PN V  – Pla n o  Na c io n a l de  Via ç ã o ) an d  in c lu d e s  in fo r m a tio n  on  ro a d  nu m b e r, ro a d  se c tio n

id e n tifi c a tio n  co d e , th e  Br a z ilia n  sta te  cr o s s e d  by  th e  ro a d , se c tio n  sta r t an d  sto p  la n d m a r k s  an d  kilo m e te r  ma r k s , se c tio n

le n g th  an d  ro a d  su r fa c e  sta tu s .

U n fo r tu n a te ly , ro a d  se c tio n  id e n tifi c a tio n  co d e s  fr o m  th e  ve c to r  ne tw o r k  da ta s e t fo r  2 0 1 7 do e s  no t ma tc h  all se c tio n  co d e s

fo u n d  in  th e  2 0 0 0, 2 0 0 5 a nd  2 0 1 0 ta b le s . Afte r  jo in in g  th e  ve c to r  ne tw o r k  da ta s e t with  th e  su r fa c e  sta tu s  ta b le s , so m e  ro a d

s e g m e n ts  will re m a in  un c la s s ifi e d . Th u s , th e  be s t po s s ib le  ma tc h  be tw e e n  th e  ve c to r  ne tw o r k  se c tio n s  an d  su r fa c e  sta tu s

ta b le s  we r e  ob ta in e d  ba s e d  on  ro a d  nu m b e r, Br a z ilia n  sta te  an d  se c tio n  sta r t an d  sto p  kilo m e te r  ma r k s . A py th o n  sc r ip t

(fi x _r o a d _ a ttrib u te.p y ) wa s  us e d  to  au to m a te  th is  pr o c e s s  an d  id e n tify  po s s ib le  ma tc h e s . Th e  sc r ip t id e n tifi e s  all se c tio n s

fr o m  th e  ro a d  ne tw o r k  da ta s e t with o u t su r fa c e  ty p e  in fo r m a tio n . It th e n  se a r c h e s  th e  sta tu s  ta b le  fo r  se c tio n s  with  th e  sa m e

r o a d  nu m b e r, th a t cr o s s e s  th e  sa m e  Br a z ilia n  sta te  an d  is  eith e r  en tir e ly  with in  th e  se c tio n  id e n tifi e d  in  th e  ro a d  ne tw o r k

d a ta s e t or  co v e r s  its  sta r t or  en d  po r tio n s . Sin c e  th is  pr o c e d u r e  ca n  re tu r n  mo r e  th a n  on e  ma tc h , th e  mo s t fr e q u e n t su r fa c e

ty p e  is  as s ig n e d  to  th e  ro a d  se c tio n .

2. 2 . P o r t ac tiv ity  da ta s e t

B r a z ilia n  po r ts  th a t ex p o r t ag r ic u ltu r a l co m m o d itie s  we r e  id e n tifi e d  ba s e d  on  in fo r m a tio n  fr o m  Ag r o s ta t [ 5], a da ta b a s e  fo r

B r a z ilia n  ag r ic u ltu r a l ex p o r ts , wh ic h  in c lu d e s  am o n g  oth e r  th in g s , th e  po r ts  in v o lv e d  in  th e  tr a n s a c tio n . Th is  in fo r m a tio n ,

a lo n g  with  re g io n a l re p o r ts  fr o m  se le c te d  po r ts , we r e  us e d  to  de r iv e  an  in d ic a tio n  of wh e n  ea c h  po r t sta r te d  op e r a tio n s

(T a b le   2). Po r ts  with  ve r y  lo w  ag r ic u ltu r a l ex p o r ts  we r e  re m o v e d  fr o m  th e  da ta s e t an d  th e  fi n a l su r fa c e  co s t an a ly s is .

T a b le  2. B r a z ilia n  po r ts  with  ag r ic u ltu r a l co m m o d itie s  ex p o r ts  in  2 0 0 0, 2 0 0 5, 2 0 1 0 an d  2 0 1 7 ( 0 in d ic a te s  no  ex p o r ts . 1

in d ic a te s  ex p o r ts ).

M a n a u s 1 1 1 1

Ita c o a tia r a * 1 1 1 1

S ã o  Lu is 1 1 1 1

A r a c a jú 1 0 0 0 S o y  ex p o r ts  on ly  in  2 0 1 7. Bu t is  RE M O V E D  fr o m  th e  

a n a ly s is  sin c e  vo lu m e  is  ve r y  lo w  ( < 0.5 %  ex p o r ts )

S a lv a d o r 1 1 1 1 N o  so y  ex p o r t fr o m  2 0 0 2 to  2 0 0 5 bu t ac tiv e  in  oth e r  co m m o d itie s

Ilh e u s 1 1 1 1 R E M O V E D : < 0.5 %  so y  ex p o r ts

V itó r ia 1 1 1 1

B a r c a r e n a 1 1 0 0 F o c u s e d  on  min e r a l ex p o r ts . Sta r te d  op e r a tin g  ag . co m m o d itie s  in  2 0 0 7 ( co c o a ) an d  2 0 0 8

( me a t)

B e lé m 0 0 0 0

S a n ta r é m 1 1 1 0

S a n to s 1 1 1 1

P o r t 2 0 1 7 2 0 1 0 2 0 0 5 2 0 0 0 O b s e r v a tio n s
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P a r a n a g u á 1 1 1 1

S ã o  Fr a n c is c o  do

S u l

1 1 1 1

Ita ja í 1 1 1 1 L a r g e  me a t ex p o r t de s p ite  lo w  so y  ex p o r ts

I mb itu b a 1 1 1 1 O ld  po r t th a t sta r te d  ex p o r tin g  me a t in  ye a r  2 0 0 0

R io  Gr a n d e 1 1 1 1

P o r to  Mu r tin h o 1 0 1 0 R E M O V E D : < 1 % ex p o r ts , va r ie s  in  tim e

C á c e r e s 0 0 1 1 R E M O V E D : < 1 % ex p o r ts , va r ie s  in  tim e  - no t 

o p e r a tio n a l an y m o r e

P o r to  Ve lh o 1 1 1 1 I nte r n a l po r t, tr e a te d  as  ex p o r t po r t

A g r o S ta t ex p o r t da ta  fr o m  2 0 0 7 to  2 0 1 7 is  0 ( ze r o ) fo r  th is  po r t. Bu t da ta  se e m s  to  be  mix e d  with  th e  Ma n a u s  po r t. Sin c e  th e  po r ts  ar e

v e r y  clo s e , bo th  po r ts  we r e  as s u m e d  op e n  all th e  tim e .

P o r to  Ve lh o  ( RO ) is  a tr a n s b o r d o  po r t (in te r n a l), wh ic h  se n d s  so y  to  Sa n ta r é m  an d  th e n  ex p o r ts . It's  in c lu d e d  in  a se p a r a te  da ta s e t,

w h ic h  is  ap p e n d e d  to  th e  ex p o r t po r ts  an d  tr e a te d  as  su c h .

R o n d o n ia  Po r t an d  Wa te r w a y s  we b  po r ta l co n ta in s  a re p o r t sta tin g  th a t in  2 0 0 4 1.5 m illio n  to n s  of so y  we r e  ex p o r te d , th u s  th e  po r t

w a s  ac tiv e  at le a s t in  2 0 0 4.

A N T A Q : Po r t ex p o r te d  1 millio n  to n s  of so y  in  2 0 0 2

(h ttp ://w e b .a n ta q .g o v .b r /P o r ta l/A n u a r io s /P o r tu a r io 2 0 0 2/ I nfo r m a c o e s G e r a is P o r to s /P o r to s /P o r to V e lh o .h tm ).

2. 3 . T r a n s p o r t co s t an a ly s is

R e la tiv e  tr a n s p o r t co s ts  in  Br a z il we r e  es tim a te d  as  th e  cu m u la tiv e  co s t of mo v in g  fr o m  ea c h  gr id  ce ll to  th e  clo s e s t ex p o r t

p o r t. Co s t wa s  co n s id e r e d  as  a un itle s s  in d ic a to r  of th e  diffi c u lty  in  cr o s s in g  a ce ll, as  a fu n c tio n  of su r fa c e  ty p e  (T a b le   3). Its

v a lu e s  we r e  de fi n e d  co n s id e r in g  th e  diff e r e n c e s  be tw e e n  ea c h  su r fa c e  ty p e  an d  no t th e  ac tu a l tr a v e l co s t. Th u s , re s u lts

in d ic a te  a re la tiv e  co s t diff e r e n c e  fr o m  diff e r e n t re g io n s  an d  ye a r s  fo r  th e  Br a z ilia n  te r r ito r y .

T a b le  3. C o s t to  tr a v e r s e  a gr id  ce ll ba s e d  on  ro a d  su r fa c e  ty p e .

N o  ro a d  ne tw o r k 5 0

U n p a v e d  ro a d 3 6

P a v e d  ro a d 1 6

2. 4 . D a ta  pr o c e s s in g

P o r t 2 0 1 7 2 0 1 0 2 0 0 5 2 0 0 0 O b s e r v a tio n s

S u r fa c e  ty p e C o s t
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1.

2.

3.

4.

5.

6.

7.

8.

[ 1]

[ 2]

A ll da ta  we r e  pr o c e s s e d  us in g  th e  op e n  so u r c e  GR A S S  GIS  so ftw a r e  [ 2]. Ma n ip u la tio n  of ve c to r  da ta  attr ib u te  ta b le s  we r e

d o n e  us in g  GR A S S  GIS  da ta b a s e  ca p a b ilitie s  [ 6], es p e c ia lly  it's  ab ility  to  us e  SQ L  ( Str u c tu r e d  Qu e r y  La n g u a g e ) an d  pe r fo r m

d ir e c t co n n e c tio n  to  th e  un d e r ly in g  Re la tio n a l Da ta b a s e  Ma n a g e m e n t Sy s te m  ( RD B M S ). Co s t su r fa c e  wa s  ca lc u la te d  us in g

G R A S S  GIS  r.co st co m m a n d . A de ta ile d  de s c r ip tio n  of th e  alg o r ith m  ca n  be  fo u n d  in  r.co st ma n  pa g e  [ 7]. A de ta ile d

e x p la n a tio n  of all co m m a n d s  us e d , se q u e n c e s  an d  ex p e c te d  re s u lts  ar e  giv e n  in  th e  ma r k d o w n  fi le  tra n sp o rt_c o st.m d  ( als o

a v a ila b le  in  PD F  fo r m ). An  ov e r v ie w  of th e  pr o c e s s  ca r r ie d  ou t in  GR A S S  GIS  is  giv e n  be llo w . Fo r  a be tte r  co m p r e h e n s io n  of

G R A S S  GIS  ca p a b ilitie s  an d  co n c e p ts , re fe r  to  th e  Gr a s s  wik i, sp e c ia lly  GR A S S  He lp  [ 8] an d  GIS  Co n c e p ts  in  GR A S S  [ 9].

A ll pr o c e s s  wa s  ca r r ie d  ou t us in g  EP S G : 4 3 2 6 pr o je c tio n ;

V e c to r  ma p s  ( ro a d  ne tw o r k s  an d  po ts  lo c a tio n s ) wh e r e  im p o r te d  in to  th e  GR A S S  da ta b a s e  us in g  v .in .o g r an d  co m m a n d ;

P o r ts  la y e r  we r e  se p a r a te d  in to  diff e r e n t la y e r s  co n ta in in g  on ly  th e  ac tiv e  po r ts  fo r  ea c h  ye a r ;

A ll pla n n e d  ro a d s  fr o m  th e  2 0 1 7 ro a d  ne tw o r k  la y e r  wh e r e  re m o v e d ;

T h e  2 0 1 0 ro a d  ne tw o r k  la y e r  wa s  cr e a te d  by  co p y in g  th e  2 0 1 7. Th e  ro a d  su r fa c e  sta tu s  wa s  re m o v e d  an d  po p u la te d  by

jo in in g  with  th e  2 0 1 0 ro a d  su r fa c e  sta tu s  ta b le , ba s e d  on  ro a d  se c tio n  id . Se c tio n  id s  no t pr e s e n t in  th e  2 0 1 0 ro a d

s u r fa c e  sta tu s  ta b le  we r e  jo in e d  ba s e d  on  ro a d  nu m b e r  an d  sta r t/e n d  km  ma r k s , us in g  th e  fi x _r o a d _ a ttrib u te.p y  co d e ;

S te p  5 wa s  re p e a te d  fo r  ye a r s  2 0 0 5 a nd  2 0 0 0;

F o r  all ye a r s , co s t va lu e  wa s  ad d e d  to  th e  ro a d  ne tw o r k  la y e r  an d  co n v e r t to  ra s te r  fo r m a t. Ac tiv e  po r ts  da ta s e t wa s  als o

c o n v e r te d  to  ra s te r  fo r m a t;

C o s t an a ly s is  (r.co st co m m a n d ) wa s  ca r r ie d  ou t fo r  all ye a r s , us in g  th e  po r ts  la y e r  as  th e  sta r tin g  po in t

F u n d in g

T h is  wo r k  wa s  su p p o r te d  by  Em b r a p a  an d  th e  Sã o  Pa u lo  Re s e a r c h  Fo u n d a tio n  ( FA P E S P ), pr o c e s s e s  1 4/5 0 6 2 8 – 9,  1 5/2 5 8 9 2 – 7,

a n d  1 8/0 8 2 0 0 – 2.  We  gr a te fu lly  ac k n o w le d g e  th e  fu n d in g  su p p o r t by  th e  U K  Na tu r a l En v ir o n m e n t Re s e a r c h  Co u n c il, un d e r

g r a n t re fe r e n c e  N E /M 0 2 1 3 3 5/ 1 .

D e c la r a tio n  of Co m p e tin g  I nte r e s t

T h e  au th o r s  de c la r e  th a t th e y  ha v e  no  kn o w n  co m p e tin g  fi n a n c ia l in te r e s ts  or  pe r s o n a l re la tio n s h ip s  wh ic h  ha v e , or  co u ld

b e  pe r c e iv e d  to  ha v e , in fl u e n c e d  th e  wo r k  re p o r te d  in  th is  ar tic le .

A p p e n d ix . S u p p le m e n ta r y  ma te r ia ls

D o w n lo a d  : D o w n lo a d  Ac ro b a t PD F  fi le  ( 6 MB )

R e c o m m e n d e d  artic le s Ci tin g  artic le s  ( 0)

R e fe r e n c e s

J.D .A . M illin g to n , V . K a te r in c h u k , R .F .B . d a  Silv a , D . d e  Ca s tr o  Vic to r ia , M . B a tis te lla

M o d e llin g  dr iv e r s  of Br a z ilia n  ag r ic u ltu r a l ch a n g e  in  a te le c o u p le d  wo r ld

E n v ir o n . Mo d e l. So ftw a r e , 1 3 9  (2 0 2 1 ), Ar tic le  1 0 5 0 2 4 , 1 0. 1 0 1 6/ j.e n v s o ft.2 0 2 1. 1 0 5 0 2 4

A rtic le D o w n lo a d  PD F V ie w  Re c o rd  in  Sc o p u s G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G e o g r a p h ic  R es o u r c e s  An a ly s is  Su p p o r t Sy s te m  ( GR A S S  GI S ) S oftw a r e
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[ 3]

[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

O p e n  So u r c e  Ge o s p a tia l Fo u n d a tio n , U S A  (2 0 1 7 )

G o o g le  Sc h o la r

D N IT

D N I T  Ge o

(2 0 2 0 )

D NI T

h ttp ://w w w .d n it.g o v .b r /p la n e ja m e n to -e -p e s q u is a /d n it-g e o /d n it-g e o

( ac c e s s e d  Ma y  0 4)

G o o g le  Sc h o la r

D N IT

S is te m a  Na c io n a l de  Via ç ã o  ( S NV )

(2 0 1 8 )

( ac c e s s e d  Ja n . 1 8) [ On lin e ]. Av a ila b le  h ttp ://w w w .d n it.g o v .b r /s is te m a -n a c io n a l-d e -v ia c a o /s is te m a -n a c io n a l-d e -v ia c a o

G o o g le  Sc h o la r

M in is té r io  da  Ag r ic u ltu r a

P e c u á r ia  e Ab a s te c im e n to  ( MA P A ), “A g r o s ta t - Es ta tís tic a s  de  Co m é r c io  Ex te r io r  do  Ag r o n e g ó c io  Br a s ile ir o

A g r o s ta t (2 0 2 0 )

h ttp ://in d ic a d o r e s .a g r ic u ltu r a .g o v .b r /a g r o s ta t/in d e x .h tm

( ac c e s s e d  Ma y  0 4)

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G R A S S  GI S  Ma n u a l: S QL  su p p o r t in  GR A S S  GI S

(2 0 2 0 )

h ttp s ://g r a s s .o s g e o .o r g /g r a s s 7 8/ m a n u a ls /s q l.h tm l

( ac c e s s e d  Ma y  0 4)

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m , “r.c o s t - GR A S S  GIS  ma n u a l,”  2 0 2 0. h ttp s ://g r a s s .o s g e o .o r g /g r a s s 7 8/ m a n u a ls /r.c o s t.h tm l

( ac c e s s e d  Ma y  0 4, 2 0 2 0).

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G R A S S  He lp  - GR A S S -W ik i

(2 0 2 1 )

a c c e s s e d  Ma r  3 1

G o o g le  Sc h o la r

G R A S S  De v e lo p m e n t Te a m

G I S  Co n c e p ts  - GR A S S -W ik i

(2 0 2 1 )

a c c e s s e d  Ma r  3 1

G o o g le  Sc h o la r

© 2 0 2 1 T h e  Au th o r( s). Pu b lis h e d  by  Els e v ie r In c .

A b o u t Sc ie n c e D ire c t
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A b o u t Sc ie n c e D ire c t

R e m o te  ac c e s s

S h o p p in g  ca rt

A d v e rtis e

C o n ta c t an d  su p p o rt

T e rm s  an d  co n d itio n s

P riv a c y  po lic y

W e  u s e  c o o k ie s  to  h e lp  p ro v id e  a n d  e n h a n c e  o u r s e rv ic e  a n d  ta ilo r c o n te n t a n d  a d s . B y  c o n tin u in g  y o u  a g re e  to  th e  u s e  o f c o o k ie s .

C o p y rig h t ©  2 0 2 1  E ls e v ie r B .V . o r its  lic e n s o rs  o r c o n trib u to rs . S c ie n c e D ire c t ®  is  a  re g is te re d  tra d e m a rk  o f E ls e v ie r B .V .

S c ie n c e D ire c t ®  is  a  re g is te re d  tra d e m a rk  o f E ls e v ie r B .V .


