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ECONOMIC IMPACTS OF DRYLAND SALINITY FOR GRAINS INDUSTRIES 

St ef an Haj kowi cz 1 and Mi ke Young2 

 

ABSTRACT 

Thi s paper  expl or es some possi bl e economi c i mpact s of  wor seni ng sal i ni t y 
sever i t y  and ext ent  i n t he gr ai ns i ndust r y acr oss Aust r al i a.  I t  al so l ooks 
at  t he pot ent i al  t o i ncr ease agr i cul t ur al  pr of i t s  t hr ough r emedi at i on.  The 
anal ysi s i s  based on a spat i al  model  of  agr i cul t ur al  pr of i t s  and sal i ni t y 
r el at ed cr op/ past ur e y i el d l osses.  I t  i s  est i mat ed t hat  gr ai ns i ndust r y  
f ar mi ng pr of i t s  acr oss Aust r al i a woul d r i se by an upper  l i mi t  $138 mi l l i on 
per  year  wer e sal i ni t y  cost l essl y r emoved f r om t he l andscape.  I t  i s  al so 
est i mat ed t hat  t he pr esent  val ue of  gr ai ns i ndust r y pr of i t  l osses f r om 
wor seni ng sal i ni t y  ext ent  and sever i t y  over  t he next  20 year s i s  $237 
mi l l i on.  These amount s can be consi der ed agai nst  t he cost s of  r epai r .  

 

INTRODUCTION 

As Aust r al i a makes i ncr easi ngl y l ar ge i nvest ment s i n sal i ni t y  mi t i gat i on,  
i t  i s  i mpor t ant  t o anal yse t he economi c consequences of  t he busi ness as 
usual  or  ‘ do not hi ng’  scenar i o.  Thi s wi l l  al l ow i nf or med assessment s about  
t he economi c net - benef i t s  of  i nt er vent i on and bet t er  t ar get i ng of  
r esour ces,  wi del y r ecogni sed as a maj or  chal l enge f aci ng pol i cy maker s 
( Haj kowi cz and Young 2002,  Pannel l  2001) .  

Thi s paper  expl or es some possi bl e economi c i mpact s of  wor seni ng sal i ni t y 
sever i t y  and ext ent  i n t he gr ai ns i ndust r y acr oss Aust r al i a.  I t  al so l ooks 
at  t he pot ent i al  t o i ncr ease agr i cul t ur al  pr of i t s  t hr ough r emedi at i on.  The 
anal ysi s i s  based on a spat i al  model  of  agr i cul t ur al  pr of i t s  and sal i ni t y 
r el at ed cr op/ past ur e y i el d l osses.  Dat a ar e pr esent ed by t he Gr ai ns 
Resear ch and Devel opment  Cor por at i on ( GRDC)  r egi ons,  as shown i n Appendi x 
A.  

I t  i s  est i mat ed t hat  gr ai ns i ndust r y f ar mi ng pr of i t s  acr oss Aust r al i a woul d 
r i se by an upper  l i mi t  $138 mi l l i on per  year  wer e sal i ni t y  cost l essl y 
r emoved f r om t he l andscape.  Thi s amount  can be consi der ed agai nst  t he cost s 
of  r epai r .  I t  i s l i kel y t hat  t he economi c opt i mum l evel  of  t r eat ment  woul d 
not  r ecoup t hi s ent i r e amount .   

 

CONCEPTUAL MODEL OF SALINITY COSTS  

Consi der  t hr ee al t er nat i ve scenar i os f or  gr ai ns i ndust r y pr of i t  r esul t i ng 
f r om sal i ni t y  out comes over  t he next  t went y year s ( Fi gur e 1) .  I f  sal i ni t y 
wer e cost l essl y amel i or at ed pr of i t s  woul d r i se t o t he unconst r ai ned l evel ,  
t hi s i s  l at er  r ef er r ed t o as t he gr oss benef i t .  Cl ear l y a cost l ess ‘ f i x ’  of  
sal i ni t y  i s  not  possi bl e,  i n some r egi ons t he pr oj ect  cost s may easi l y  
exceed t he gr oss benef i t .   

I f  sal i ni t y  i s  unchecked pr of i t s  ar e expect ed t o decl i ne i n pr obl em- t ype 
l ocat i ons over  t he next  20 year s.  Thi s l ower  pr of i t  can be consi der ed t he 
i mpact  cost .  The shaded ar ea i n Fi gur e 1 r epr esent s t he pr esent  val ue of  
t he i mpact  cost  over  t he 20 year  t i me per i od.  The net  l oss i n pr of i t s  over  
t he 20- year  per i od due t o wor seni ng sal i ni t y  ext ent  and sever i t y  i s 
r ef er r ed t o as t he i mpact  cost  of  sal i ni t y .  
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Figure 1 Conceptual model for grains industry profits 

 

I t  i s  wor t h not i ng t hat  t he “ unchecked”  l i ne r epr esent s a wor st - case 
scenar i o.  I n pr act i ce,  f ar mer s wi l l  r espond t o wor seni ng sal i ni t y  pr obl ems 
t hr ough i mpr oved management  pr act i ces and ent er pr i se swi t ches.  Thi s wi l l  
have t he ef f ect  of  r educi ng t he pr esent  val ue of  cost s.  

 

RELATIVE YIELD 

Cr op and past ur e y i el d l oss i s  one of  t he mai n economi c i mpact s of  dr y l and 
sal i ni t y  t o gr ai ns  pr oducer s.  The amount  of  y i el d l oss  can be measur ed 
usi ng r el at i ve y i el d.  Rel at i ve y i el d i s  t he r at i o of  act ual  y i el d,  as 
cur r ent l y  r ecor ded,  di v i ded by t he pot ent i al  y i el d t hat  woul d occur  i f  t he 
soi l  const r ai nt ( s)  wer e not  pr esent .  Rel at i ve y i el d can be expr essed as:  

Yield Potential

Yield Actual
Yield Relative == α  

The r el at i ve y i el d f or  sal i ni t y  was det er mi ned usi ng dat a pr oduced under  
t heme t wo of  t he Nat i onal  Land and Wat er  Resour ces Audi t  ( NLWRA 2000) .  
Sur f aces of  r el at i ve y i el d wer e mapped t o a ~1km2 gr i d wi t h nat i onal  
cover age f or  2000 and 2020.  Dat a was dr awn f r om hydr ol ogi cal  sal i ni t y 
model l i ng.  Si mi l ar  sur f aces wer e al so pr oduced f or  sodi c i t y  and aci di t y ,  
t wo addi t i onal  soi l  at t r i but es t hat  l i mi t  cr op/ past ur e y i el d.  

 

SPATIAL REPRESENTATION OF GRAINS INDUSTRY PROFITS 

I n or der  t o det er mi ne t he economi c i mpact  of  y i el d sur f aces over  t i me,  i t  
i s  necessar y t o gi ve gr ai ns i ndust r y pr of i t s  spat i al  def i ni t i on.  Thi s was 
achi eved by mappi ng pr of i t  at  f ul l  equi t y,  whi ch r epr esent s economi c 
r et ur ns t o t he nat ur al  r esour ce base ( soi l  and wat er ) ,  manager i al  sk i l l  and 
human capi t al .  The pr of i t  f unct i on can be wr i t t en as:  

PFE = [ Q1×( P1×TRN + P2×Q2) ]  – [ ( QC×Q1+AC) +( WR×WP) ]  – [ FOC+FDC+FLC]   

Wher e:  

PFE  = Pr of i t  at  Ful l  Equi t y ( $/ ha/ yr )  

P1  = Far m Gat e Pr i ce ( $/ ha or  $/ DSE)  

Q1  = Yi el d or  St ocki ng Rat e  ( $/ ha or  $/ DSE)  

TRN  = Tur n- of f  Rat e ( Rat i o) ,  al so symbol i sed as β 

P2  = Pr i ce of  secondar y pr oduct  ( $/ l i t r e or  $/ kg)  

Q2  = Yi el d of  secondar y pr oduct  ( l i t r es/ DSE or  kg/ DSE)  

QC  = Quant i t y  Dependant  Var i abl e Cost s ( $/ t  or  $/ DSE)  

AC  = Ar ea Dependant  Var i abl e Cost s ( $/ ha)  

WR  = Wat er  Requi r ement  of  Land Use ( ML/ ha)  

WP  = Wat er  Pr i ce ( $/ ML)  
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FOC  = Fi xed Oper at i ng Cost s ( $/ ha)  

FDC  = Fi xed Depr eci at i on Cost s ( $/ ha)  

FLC  = Fi xed Labour  Cost s ( $/ ha)  

The pr of i t  f unct i on r el at es t o a s i ngl e agr i cul t ur al  l anduse,  such as 
wheat ,  bar l ey,  sheep,  canol a and ot her s.  I t  i s  di st i nct  f r om t he not i on of  
whol e f ar m pr of i t ,  whi ch of t en compr i ses a mi xt ur e of  l anduses.  I t  can be 
l i kened t o a gr oss mar gi n,  l ess f i xed cost s of  pr oduct i on.  

A secondar y pr oduct  exi st s onl y f or  sheep l anduses,  namel y wool .  For  al l  
ot her  l anduses pr i ces and y i el ds of  t he secondar y pr oduct  ar e set  t o zer o.   
Wat er  pr i ce,  as used her e,  r epr esent s t he char ge i mposed on i r r i gat or s by 
t he l ocal  wat er  management  aut hor i t y .  Thi s char ge var i es f or  di f f er ent  
wat er  management  aut hor i t i es acr oss Aust r al i a.  I r r i gat i on of  gr ai ns 
i ndust r y r el at ed l anduses i s not  common.  An i mput ed cost  f or  f ar m l abour  
was used based on st andar d i ndust r y awar d r at es.  Fi xed oper at i ng,  
depr eci at i on and l abour  cost s wer e sour ced f r om ABARE dat a and 
St at e/ Ter r i t or y gr oss mar gi n handbooks.  

Al l  var i abl es compr i s i ng t he pr of i t  f unct i on wer e mapped on a ~1km gr i d 
cover i ng al l  agr i cul t ur al  l and i n Aust r al i a,  i nc l udi ng bot h i nt ensi vel y 
used zones and t he r angel ands 3.  A s i ngl e l anduse was assi gned t o each 1km 
gr i d cel l ,  r esul t i ng i n gener al i sat i ons wi t hi n i nt ensi vel y used i r r i gat i on 
ar eas.   

Landuse dat a wer e der i ved f r om t he Nat i onal  Land and Wat er  Resour ces Audi t  
1996/ 97 l anduse map.  Thi s pr ovi des a snapshot  f or  l anduse i n t he 1996/ 97 
f i nanci al  year .  Some enhancement s wer e made i n or der  t o map t he l ocat i ons 
of  commodi t i es.   

 

Prices and Yields 

Far m- gat e pr i ces wer e assembl ed f r om t he Aust r al i an Bur eau of  St at i s t i cs 
( ABS)  f or  al most  al l  commodi t i es.  Pr i ces f or  some commodi t i es wer e not  
avai l abl e f r om t he ABS,  t hese wer e t aken f r om t he Aust r al i an Bur eau of  
Agr i cul t ur e and Resour ce Economi cs ( ABARE) .  The pr i ces wer e gener al l y  
assembl ed by St at i s t i cal  Local  Ar ea ( SLA) ,  t hen spr ead over  t he 1km gr i d 
cel l s .  For  exampl e,  i f  t he f ar m gat e wheat  pr i ce f or  an SLA was $198/ t onne 
– each gr i d cel l  wi t hi n t hat  SLA coded as wheat  was al so assi gned a pr i ce 
of  $198/ t onne.  Mi l k and wool  pr i ces wer e not  avai l abl e at  t he SLA l evel  and 
wer e t aken f r om l ar ger  ABARE r egi onal  f r amewor ks.   

Yi el ds wer e compi l ed f r om ABS pr oduct i on dat a at  t he SLA l evel .  Gi ven a 
known ar ea of  pr oduct i on and a known quant i t y  of  pr oduct i on,  a y i el d i s  
at t ai nabl e by di v i di ng pr oduct i on by ar ea.  Thi s appr oach was appl i ed,  wi t h 
a mi nor  var i at i on.  Yi el d was det er mi ned by:  

�
=

=
SL

i

i

i

NDVI

NDVI
Pq

1

1           ( 2)  

Wher e:   
 
q1  =  The y i el d of  t he cr op ( t onnes) ,  or  number  of  l i vest ock ( DSE4) ,  
wi t hi n t he 1km gr i d cel l ;  
NDVI   =  NDVI  scor e f or  t he pi xel 5 i;  

SL  =  Tot al  number  of  pi xel s i n t he St at i s t i cal  Local  Ar ea 
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P  =  Tot al  pr oduct i on i n t onnes f or  t he commodi t y i n t he St at i s t i cal  
Local  Ar ea 

The c l oud- adj ust ed nor mal i sed di f f er ence veget at i on i ndex ( NDVI )  i s  t aken 
f r om sat el l i t e dat a.  I t  i s  der i ved f r om a sat el l i t e scanner  r ef er r ed t o as 
t he Advanced Ver y Hi gh Resol ut i on Radi omet er  ( AVHRR) .  Thi s i s  a br oadband 
scanner ,  sensi ng t he v i s i bl e,  near - i nf r ar ed,  and t her mal  i nf r ar ed por t i ons 
of  t he el ect r omagnet i c spect r um.  NDVI  dat a i s  mapped on a 1. 1km gr i d 
cover i ng t he Ear t h.  Hi gher  NDVI  val ues ar e i ndi cat i ve of  i ncr eased y i el ds 
and veget at i on heal t h ( Smi t h et al. 2001,  Jackson et al.1983,  Tucker  et al. 
1991) .   

 

Fixed and Variable Costs of Production 

Var i abl e cost s of  pr oduct i on wer e assembl ed by 29 ABARE r egi ons cover i ng 
Aust r al i a.  They wer e der i ved f r om ABARE r ecor ds,  Gr oss Mar gi n Handbooks and 
Far m Management  consul t ant  dat a.  Wat er  use r at es f or  each maj or  cr op t ype 
wer e det er mi ned f or  each maj or  i r r i gat i on ar ea wi t hi n t he each ABARE 
r egi on.  The dat a f or  wat er  use and char ges was pr i mar i l y  sour ced f r om t he 
Aust r al i an Nat i onal  Commi t t ee on I r r i gat i on and Dr ai nage ( Al exander  2000 
and Thomas et al. 1999) .  

 

Landuses Included 

Landuses r el at ed t o t he gr ai ns i ndust r y wer e ext r act ed f r om Audi t  
dat abases. ,  as mapped f or  1996/ 97,  t he year  of  an agr i cul t ur al  census.  
Sheep,  beef ,  wheat  and bar l ey occupy t he gr eat est  por t i on of  Aust r al i a.  
Ar eas ar e gi ven bel ow:  

Landuse Area (000 ha) Landuse 
 
Area (000 ha)

Bar l ey 6, 175 Oat s 309
Beef  40, 964 Oi l  Poppi es 0
Canol a 444 Peanut s 19
Chi ck Peas 178 Saf f l ower  1
Faba Beans 1, 291 Sheep 54, 522
Gr ai n Sor ghum 1, 089 Soybeans 21
Lent i l s  55 Sunf l ower  126
Lupi ns 182 Tr i t i cal e 692
Mai ze 153 Vet ches 46
Mi l l et  9 Wheat  9, 084
Mung Beans 22   
 

GROSS BENEFIT AND IMPACT COST OF SALINITY 

Gr oss benef i t  can be consi der ed t he i ncr ease i n pr of i t  at  f ul l  equi t y,  wer e 
sal i ni t y  cost l essl y amel i or at ed.  As such i t  r epr esent s an est i mat ed 
i nvest ment  cei l i ng on sal i ni t y  expendi t ur e ai med at  boost i ng cr op/ past ur e 
y i el ds.  Gr oss benef i t  ( GB)  i s  det er mi ned by:  

( ) ( )11
11 pvq

vpq
GB β

α
β

−−
−

=         ( 3)  

Wher e:  

GB = Gr oss benef i t  f r om sal i ni t y  amel i or at i on ( $/ ha/ yr )  

q1 = Yi el d of  pr i mar y pr oduct  ( t / ha/ yr  or  DSE/ ha/ yr )  

p1 = Pr i ce of  pr i mar y pr oduct  ( $/ t  or  $/ DSE)  

v = Var i abl e cost s ( $/ t )  

α = Rel at i ve y i el d 

β = Li vest ock t ur n of f  r at e ( >0 and <1) ,  set  t o 1 f or  cr ops 

Equat i on ( 3)  essent i al l y  means t hat  gr oss benef i t  i s  t he di f f er ence bet ween 
cur r ent  pr of i t  and pr of i t  wi t hout  sal i ni t y .  I n pr act i ce,  t he i ncr ease i n 
pr of i t  i s  l i kel y t o be somewhat  l ess t han t hi s amount .  Even i f  sal i ni t y  
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wer e r emoved ot her  soi l  const r ai nt s,  sodi c i t y  and aci di t y ,  woul d l i mi t  
y i el ds.  Tabl e 1 shows t he gr oss benef i t s f or  sal i ni t y  al one,  and t he gr oss 
benef i t  of  sal i ni t y  when const r ai ned by sodi c and aci d soi l s .  

I mpact  cost  i s  def i ned her e as t he decl i ne i n pr of i t  over  t he per i od 2000 
t o 2020 due t o wor seni ng sal i ni t y  ext ent  and sever i t y .  I t  can be expr essed 
as a pr esent  val ue usi ng st andar d amor t i sat i on f or mul ae.  The un- amor t i sed 
i mpact  cost  ( I C)  i s  det er mi ned as:   

��
�

�
��
�

� +
−−=∏−∏=

1

12
112020Current

)(
   IC

α
αβ vp

vpq       ( 4)  

Wher e:  

I C = Gr oss benef i t  f r om sal i ni t y  amel i or at i on ( $/ ha/ yr )  

α1 = Rel at i ve y i el d i n 2000 

α2 = Rel at i ve y i el d i n 2020 

I f  we assume t hat  t he decl i ne i n pr of i t s  over  t he 20yr  per i od i s  l i near  
t hen we can obt ai n a ser i es of  payment s over  t i me,  whi ch can be conver t ed 
i nt o a pr esent  val ue.   

 

RESULTS 

Tabl e 1 bel ow shows t he gr oss benef i t  and i mpact  cost  of  sal i ni t y  f or  each 
gr ai ns r egi on.  Not e t hat  t he gr oss benef i t  l i mi t ed by aci di c and sodi c 
soi l s  i s l es t han one- t hi r d of  t he unl i mi t ed gr oss benef i t .  The i mpact  cost s 
ar e shown as pr esent  val ues over  t he per i od 2000 t o 2020 usi ng an 8% 
di scount  r at e.  The r esul t s show t hat  gr ai ns i ndust r y pr of i t s  coul d be 
r ai sed by $138. 2 mi l l i on i f  sal i ni t y  wer e r emoved,  or  $38. 6 mi l l i on wi t h 
aci d and sodi c soi l  const r ai nt s i ncl ude.  I f  sal i ni t y  wer e l ef t  unmanaged,  
pr of i t s  woul d decl i ne by 3% causi ng l osses of  $237 mi l l i on i n pr esent  val ue 
t er ms.   

These r esul t s shoul d be t emper ed by some i mpor t ant  consi der at i ons.  Fi r st l y ,  
t her e ar e many l ocat i ons wher e gr oss benef i t s  and i mpact  cost s ar e ver y 
hi gh.  These may be over l ooked by br oad r egi onal  aggr egat e st at i s t i cs.  
Secondl y,  t he i mpact  cost  does not  i ncor por at e any f ar mer  r esponse or  
adapt at i on.  I t  mer el y assumes t he cur r ent  pr act i ce i s  cont i nued i n t he f ace 
of  wor seni ng sal i ni t y .  I n pr act i ce,  i mpact  cost s woul d be s i gni f i cant l y  
l ower  because f ar mer s woul d adapt  new pr act i ces t o avoi d sal i ni t y  r el at ed 
damages.   
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Table 1 Gross benefits and impact costs of salinity in grains regions1 

GRDC Zone 

Gr oss 
benef i t ,  

unl i mi t ed 
( $000/ yr )

Gr oss benef i t ,  
l i mi t ed by 

sodi c and aci d 
soi l s  

( $000/ yr )

I mpact  Cost  
Pr esent  Val ue 

2000 t o 2020 
( $000) 2 

NSW Cent r al  zone 117 0 4, 552 
NSW Nor t heast  – Ql d Sout heast  zone 2, 787 531 17, 081 
NSW Nor t hwest - Ql d Sout hwest  zone 49 0 684 
NSW Vi c Sl opes zone 3, 868 240 43, 542 
Ql d At her t on zone 122 0 563 
Ql d Bur deki n zone 0 0 4 
Ql d Cent r al  zone 3, 533 34 10, 353 
SA & Vi c Mal l ee zone 4, 130 319 8, 179 
SA Mi d- Nor t h Lower  Yor k Eyr e zone 11, 232 190 10 
SA Vi c Bor der t own Wi mmer a zone 20, 084 640 58, 825 
Tas Gr ai n zone 765 296 807 
Vi c Hi gh Rai nf al l  zone 3, 231 576 21, 246 
WA Cent r al  zone 46, 458 17, 601 39, 242 
WA East er n zone 20, 701 9, 497  0 
WA Nor t her n zone 10, 384 2, 317  0 
WA Sandpl ai n zone 10, 677 6, 444 32, 378 
Al l  Regi ons 138, 138 38, 685 237, 464 

1.  Ref er  t o Appendi x A f or  a map of  t hese r egi ons.  

2.  Det er mi ned usi ng an 8% di scount  r at e.  A hi gh di scount  r at e was chosen as 
many of  t he economi c i mpact s wi l l  be endur ed by pr i vat e l andhol der s.  

 

DISCUSSION AND CONCLUSIONS 

I mmedi at el y appar ent  i n t he r esul t s pr esent ed above i s t he dr op i n gr oss 
benef i t  when sodi c and aci d soi l s  l i mi t  cr op/ past ur e y i el ds,  a di f f er ence 
of  about  $100 mi l l i on/ yr .  Thi s suggest s t hat  pol i c i es di r ect ed at  
cor r ect i ng onl y soi l  sal i ni t y ,  wi t hout  account i ng f or  ot her  l i mi t i ng 
f act or s,  wi l l  l ead t o much l ower  l evel s of  benef i t .  The addi t i onal  cost s 
f r om an i nt egr at ed soi l  r emedi at i on pr ogr am may be r el at i vel y l ow.  

Ul t i mat el y deci s i on maker s managi ng sal i ni t y  i n gr ai ns i ndust r i es wi l l  be 
seeki ng t o make i nvest ment s wher e benef i t s  exceed cost s.  Thi s st udy f al l s 
shor t  of  benef i t  cost  anal ysi s,  showi ng onl y est i mat es of  benef i t .  However ,  
ot her  st udi es i nt o sal i ni t y  management  show t hat  cost s of  changi ng 
l andscapes t o t he r equi r ed amount  ar e ver y hi gh.  For  exampl e,  st udi es of  
West er n Aust r al i an cat chment s show t hat  as much as 70- 80% of  t he cat chment  
must  be r eveget at ed t o have a s i gni f i cant  r educt i on i n sal i ni t y  l evel s 
( Geor ge et al. 1999) .   

When l andscape change of  t hi s nat ur e was subj ect  t o benef i t - cost  anal ysi s 
by Haj kowi cz and Young ( 2002)  on t he Lower  Eyr e Peni nsul a i n Sout h 
Aust r al i a,  a pr edomi nat el y gr ai n gr owi ng r egi on,  al l  r eveget at i on opt i ons 
wer e f ound t o del i ver  negat i ve net  pr esent  val ues.  Thi s was despi t e 
consi der abl e var i at i on of  pr i ces and sal t  y i el d l oss scenar i os.   

On t he br i ght er  s i de,  t hough,  evi dence i s emer gi ng t hat  some sal i ni t y 
benef i t i ng agr i cul t ur al  pl ant s may be abl e t o appr oxi mat e,  or  even exceed 
pr of i t s  f r om cur r ent  l anduse.  For  exampl e,  Lucer ne,  a deep- r oot ed per enni al  
f odder  shr ub,  has been f ound t o pr ovi de pr of i t s  near i ng or  equal  t o cur r ent  
annual  cr op/ past ur e pr oduct i on ( Bat hgat e and Pannel l  2002,  Hi r t h et al. 
2001) .  The st udy by Haj kowi cz and Young ( 2002)  suggest ed t hat  sal i ni t y-
mi t i gat i ng pl ant s need onl y be 75- 90% as pr of i t abl e as cur r ent  l anduse 
opt i ons t o make benef i t s  of  l anduse change exceed cost s.   
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APPENDIX A: GRAIN REGIONS 

These ar e devel oped by t he Gr ai ns Resear ch and Devel opment  Cor por at i on 
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