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λ= λ λ

Ri
x = m s h -1 max xij j= 1, …, n - min xij j= 1, …, n

-1
,

Rr
g = (m + s + h)-1 max grj j=1, …, n - min grj j=1, …, n

-1
and

Rf
b = m s h -1 max bfj j= 1, …, n - min bfj j= 1, …, n

-1
.
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ν

τ ̅ τ ̅ σ ζ

Max ξ ε Ri
x di

xm
i= 1 Rr

g dr
gs

r= 1 Rf
b df

bh
f= 1

s. t. xij λj di
xn

j= 1 = xik i = 1, …, m ,
grj λj

n
j= 1 - dr

g - ξgrk = grk r = 1, …, s ,
bfj λj

n
j= 1 df

b ξbfk= bfk f = 1, …, h ,
λj

n
j= 1 = 1,

λj ≥ 0 j = 1, …, n , di
x ≥ 0 i = 1, …, m ,

dr
g ≥ 0 r = 1, …, s , df

b ≥ 0 f= 1, …, h and
ξ: unrestricted

θ*= 1 - ξ* ε Ri
x di

x*m
i= 1 Rr

g dr
g* Rf

b df
b*h

f= 1
s
r= 1 .

Min vi xik
m
i= 1 - ur grk

s
r= 1 wf bfk

h
f= 1 σ

4.5. vi xij
m
i= 1 - ur grj

s
r= 1 wf bfj

h
f= 1 σ ≥ 0 j = 1, …, n ,

ur grk
s
r= 1 wf bfk = 1h

f= 1 ,
vi ≥ εRi

x i = 1, …, m ,
ur ≥ εRr

g r = 1, …, s ,
wf ≥ εRf

b f = 1, …, h ,
σ:unrestricted.

Max / Min σ ζk
b

s. t. all constraints in both (1) and (2)

ζk
b - wf bfk

h
f= 1 = 0,

ξ ε Ri
x di

xm
i= 1 Rr

g dr
gs

r= 1 Rf
b df

bh
f= 1

= vi xik
m
i= 1 - ur grk

s
r= 1 wf bfk

h
f= 1 σ,

$
L ≥ 0.
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ν
σ

RTS ↔ *≥ τ* > 0

RTS ↔ ≥ 0 ≥ τ*

RTS ↔0> *≥ τ*

Max ξ ε Ri
x di

xm
i= 1 Rr

g dr
gs

r= 1 Rf
b df

bh
f= 1

s. t. xij λj - di
xn

j= 1 = xik i = 1, …, m ,
grj λj

n
j= 1 - dr

g - ξgrk = grk r = 1, …, s ,

bfj λj
n
j= 1 df

b ξbfk= bfk f = 1, …, h ,
λj

n
j= 1 = 1,

λj ≥ 0 j = 1, …, n , di
x ≥ 0 i = 1, …, m ,

dr
g ≥ 0 r = 1, …, s and df

b ≥ 0 f = 1, …, h and
ξ: unrestricted.

θ*= 1 - ∗ + Ri
x di

x*m
i= 1 Rr

g dr
g* Rf

b df
b*h

f= 1
s
r= 1 .

Min - vi xik
m
i= 1 - ur grk

s
r= 1 wf bfk

h
f= 1 σ

3. . - vi xij
m
i= 1 - ur grj

s
r= 1 wf bfj

h
f= 1 σ ≥ 0 j = 1, …, n ,

ur grk
s
r= 1 wf bfk

h
f= 1 = 1

vi ≥ εRi
x i = 1, …, m ,

ur ≥ εRr
g r = 1, …, s ,

wf ≥ εRf
b f = 1, …, h ,

σ:unrestricted.
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π π σ ζ

Max / Min σ - ζk
Z

s. t. all constraints in both (4) and (5)
ζk

g - ur grk
s
r= 1 = 0,

ξ ε Ri
x di

xm
i= 1 Rr

g dr
gs

r= 1 Rf
b df

bh
f= 1

= - vi xik
m
i= 1 - ur grk

s
r= 1 wf bfk

h
f= 1 σ,

7Z ≥ 0.

↔ 9*≥ π* > 0:

↔9*≥ 0 ≥ π*:

↔0> 9*≥ π*: T

θ*= 1 - ξ*+ ε Ri
x di

x+ *+ di
x-*m

i= 1 + Rr
g dr

g*+ Rf
b df

b*h
f= 1

s
r= 1 .

y y
Max ξ + ε Ri

x di
x+ + di

x-m
i= 1 + Rr

g dr
gs

r= 1 + Rf
b df

bh
f= 1

s.t. xij λj - di
x+n

j= 1 + di
x-= xik i = 1,…,m ,

grj λj
n
j= 1 - dr

g - ξgrk = grk r = 1,…,s ,
bfj λj

n
j= 1 + df

b + ξbfk = bfk f = 1,…,h ,
λj

n
j= 1 = 1,

λj ≥ 0 j = 1,…,n ,
di

x+ ≥ 0 i = 1, …, m ,
di

x- ≥ 0 i = 1,…,m ,
dr

g ≥ 0 r = 1,…,s ,
df

b ≥ 0 f = 1, …,h and
( : ' #$! %&$" &!  .



Ju a n -Ja vie r  Mo r e n o -Mo r e n o , Ma r ía  Te r es a  s a n z-Día z, Fr a n c is c o  ve l a s c o -Mo r e n Te , c a r l o s  e . l u De n a



Re vis t a  d e  e c o n o mía  m u n d ia l  4 7 , 201 7 , 1 5 7

a  d e a -ba s e d  e va l u a t io n  o f  l a t in  a m e Ric a  a n d  t h e c a Rib b e a n  a g Ric u l t u Ra l  e n viRo n me n t a l  Pe Rf o Rma n c e  u n d e R 
t h e  a s s u mPt io n  o f  n a t u Ra l  a n d  m a n a g e Ria l  e f f ic ie n c y



Ju a n -Ja vie r  Mo r e n o -Mo r e n o , Ma r ía  Te r es a  s a n z-Día z, Fr a n c is c o  ve l a s c o -Mo r e n Te , c a r l o s  e . l u De n a



Re vis t a  d e  e c o n o mía  m u n d ia l  4 7 , 201 7 , 1 5 7

a  d e a -ba s e d  e va l u a t io n  o f  l a t in  a m e Ric a  a n d  t h e c a Rib b e a n  a g Ric u l t u Ra l  e n viRo n me n t a l  Pe Rf o Rma n c e  u n d e R 
t h e  a s s u mPt io n  o f  n a t u Ra l  a n d  m a n a g e Ria l  e f f ic ie n c y



Ju a n -Ja vie r  Mo r e n o -Mo r e n o , Ma r ía  Te r es a  s a n z-Día z, Fr a n c is c o  ve l a s c o -Mo r e n Te , c a r l o s  e . l u De n a

≠

˂



Re vis t a  d e  e c o n o mía  m u n d ia l  4 7 , 201 7 , 1 5 7

a  d e a -ba s e d  e va l u a t io n  o f  l a t in  a m e Ric a  a n d  t h e c a Rib b e a n  a g Ric u l t u Ra l  e n viRo n me n t a l  Pe Rf o Rma n c e  u n d e R 
t h e  a s s u mPt io n  o f  n a t u Ra l  a n d  m a n a g e Ria l  e f f ic ie n c y

≠

˂

≠

˂



Ju a n -Ja vie r  Mo r e n o -Mo r e n o , Ma r ía  Te r es a  s a n z-Día z, Fr a n c is c o  ve l a s c o -Mo r e n Te , c a r l o s  e . l u De n a



Re vis t a  d e  e c o n o mía  m u n d ia l  4 7 , 201 7 , 1 5 7

a  d e a -ba s e d  e va l u a t io n  o f  l a t in  a m e Ric a  a n d  t h e c a Rib b e a n  a g Ric u l t u Ra l  e n viRo n me n t a l  Pe Rf o Rma n c e  u n d e R 
t h e  a s s u mPt io n  o f  n a t u Ra l  a n d  m a n a g e Ria l  e f f ic ie n c y



Ju a n -Ja vie r  Mo r e n o -Mo r e n o , Ma r ía  Te r es a  s a n z-Día z, Fr a n c is c o  ve l a s c o -Mo r e n Te , c a r l o s  e . l u De n a



Re vis t a  d e  e c o n o mía  m u n d ia l  4 7 , 201 7 , 1 5 7

a  d e a -ba s e d  e va l u a t io n  o f  l a t in  a m e Ric a  a n d  t h e c a Rib b e a n  a g Ric u l t u Ra l  e n viRo n me n t a l  Pe Rf o Rma n c e  u n d e R 
t h e  a s s u mPt io n  o f  n a t u Ra l  a n d  m a n a g e Ria l  e f f ic ie n c y



Ju a n -Ja vie r  Mo r e n o -Mo r e n o , Ma r ía  Te r es a  s a n z-Día z, Fr a n c is c o  ve l a s c o -Mo r e n Te , c a r l o s  e . l u De n a



Re vis t a  d e  e c o n o mía  m u n d ia l  4 7 , 201 7 , 1 5 7

a  d e a -ba s e d  e va l u a t io n  o f  l a t in  a m e Ric a  a n d  t h e c a Rib b e a n  a g Ric u l t u Ra l  e n viRo n me n t a l  Pe Rf o Rma n c e  u n d e R 
t h e  a s s u mPt io n  o f  n a t u Ra l  a n d  m a n a g e Ria l  e f f ic ie n c y



Ju a n -Ja vie r  Mo r e n o -Mo r e n o , Ma r ía  Te r es a  s a n z-Día z, Fr a n c is c o  ve l a s c o -Mo r e n Te , c a r l o s  e . l u De n a


