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Estimating the Cost of Land Degradation

Phillip Hone ’

Abstract

There is considerable policy interest in quantifying the impact that land degradation has
on agricultural production yet we have little evidence of the extent of this aggregate
impact. In this paper it is shown that estimates of total factor productivity (TFP) can
be used to define a conceptually sound measure of the production cost of land
degradation. The rate of growth in TFP in agriculture represents the outcome of the
combined impacts of technological progress, improvements in both allocative and
technical efficiency and land degradation on the agricultural production system. Data
for the Australian broadacre agricultural sector are used to investigate the feasibility of
decomposing TFP data to derive an estimate of the production cost of land
degradation. The approach fails to identify any significant impact from Jand
degradation on aggregate production.

" School of Economics, Deakin University, 221 Bunyood Highway, Burwood, Vic. 3125,




1. Introduction

The major forms of land degradation experienced in Australia today are water and
wind crosion of bare lands, soil salinity, soil fertility decline and rangeland degradation
(Hamblin and Williams 1995) 1t is generally accepted in scientific and policy circles
that these and other forms of land degradation have been, and are, a major problem
for Australian agriculture. This view was recently endorsed by Goss et al (1995) who
concluded that unless there were significant changes in the way land was used in
agriculural production * a decline in the condition of natural resources will continue
and contribute to Australia’s cconomic position becoming more precarious.” (Goss ¢t
w 1995 p 7)) This statement implies that land degradation represents an ¢conomic
problem in the sense that the extent of land degradation is greater than is optimal from
a private and public perspective and that it reflects a significant constraint on
agricultural production

The concern of governments, rural industnes and the general community with these
production implications and other problems associated with land degradation is
evidenced in the range of public programs that have been established to address the
problems and way these programs have been endorsed and supported by political
parties and industry groups Perhaps the most visible of these programs is Landcare.
This program involves over 2,000 community groups supported by state and federal
resources In 1995/96 the Commonwealth budget for the National Landcare Program
alone was over $80 million Other Commonwealth initiatives in the area include the
land management functions of the Murray-Darling Basin Commission, the Vertebrate
Pest Program, the Feral Pest Program and the financial support of the land
management research programs of the various rural industry research and development
corporations (Department of Primary Industries and Encrgy (1995))

Despite the apparent overwhelming agreement in the community on the severity of the
land degradation problem and the willingness of governments to commit public funds
to the various aspects of the problem, there is very little information on the overall
cconomic impact of land degradation on agricultural production or society in general
{Burch, Gratez and Noble (1987)). This information is of interest to policy makers
because it provides an upper bound estimate of the gross cost of potential market
failures in the land market such as imperfect information and divergences between
social and private discount rates. Viewed in this light, cstimates of the production
implications of land degradation have relevance in the public policy debate on the case
for government intervention in the process of private land management.

Attempts at assessing the importance of the agricultural production aspeets of the
problem have rested on cconomic measures, such as estimates of the value of lost




production and the cost of repairing the degradation, or physieal measures, including
the area ol land aflected and tonnes of soil fost The most widely referred 1o measure
of the cost of tind degradation to sgricalture was prepared by the Australian Soil
Conservation Councit (ASCC) (19891 They found that the cost of lost production
attributable to tand degradation was $600 million a year (in 1989 doltar terms).

The basis for this estimate is unclear The figure is reported in the preface to ASCC
(1989) with no discussion of the source of the estimate in the body of the decument
Hall and Hyberg (1991) ivestgated the source of the $600 nulling estimate and foura
that 1t represented * a consensus of expert opinion around Australia™ (p 13) This
could mean that the figure represents a maderation of a number of figures which may
have been quite diverse in terms of magnitude and estimation procedure In the
absence of some detasd on the sature of the individual estimates involved and the
ratinnahsation process mvolved, o s difficult o place any confidence on the final
estite

However, despite these uncertamties with the estimanon procedure, other studies have
arnved at very sioular figures Hall and Flyberg (1991) used cross sectional survey data
to estimate the differences between the production surfaces of farmers who thought
ther tand was degraded and those firrsers who were unaware of land degradation on
thew properties They found that percerved land degradation had » significant impact
on production and that for the 1981784 year tus impact was equivalent o a $393
mudlion dollar lass for Austraha as o whole (When this figure 15 ndexed forward (o
P98 using the prices recetved index o comes to around $570 nullion ) Hall and
Hyberg (1991) reported that ther estimate for New South Wales (3 5% loss in
production) was i turn broadly equivalent to earlier state estimates derved by Sinden
and Yapp (1987) (a 7% toss in production)

One of the most worrying aspeets of the estimate of a $600 mdlion loss m production
15 that 1t is improbably small Chishalm (1990) has shown that a cost of $600 milhon in
FORY imphies a very smail annual ingremental production cost He compared this cost
with a gain due to the cumulative impact of productivity growth over the previous 10
years of around 10 billion The cost of 3600 million reflects the compounded impact
of all land degradation on Australian agricultural land  Even if one assumes that all
degradation has occurred in the last 70 years, a $600 million loss for 1989 is consistent
with a steady annual rate of Inst production of one Lenth of one percent of agricultural
production cach year

A figure this small appears to be contrary to much of the evidence tiat exists about
the physical dimensions of the problem Tt has been reported that some 55% of arid
taad and 45 "o of non arid land is suffering from fand degradation (Chartres (1987))
These measures of the physical extent of tand degradation are likely to be reasonably
aceurate in that the major forms of land degradation ean be measured and monitored
fairly reliably given the current technology. Similacly, tall and Hyberg (1991) found
that 37% of farmers surveyed in the ABARE Australian agriculiural and grazing
industries survey thought that their properties had an actual or potential land
degradation problem While it is possible that such widespread degradation could
produce a negligible production impact, this inference is not in line with trial rosults
which suggest that erosion and soil stnicture decline ean have a significant impact on




plany growth (For example, xee l"im‘nﬂwm (1O70) for an analysis of the impaet of shieet
eroson on NSW whaeat yields) 11 s slso inconsistent with the cage stady sind
anecdotal information that i available on the ipaes of e salimsation of
aorthern Vigtonan ingation properties where subsianiml seeas on some fh
either been removed from production sltegether, o sxpeneoced i marked e
e potenial for plant growth

Heaon mn

Another impertant problem with ths estumite s it ds concepund foundations are
unclear A desttable charactenste of & messare of the anpuact of tand degradation 15
that 1 compretiensively reflects the production sysiems invalved snd slows for
subistitutsbibity between mputs s comprehensiveneas means that chwnges o sll input
Teveds (or costs) are taken mlo avcount Byl and BeCallam (1987) wegus int theee 1x
fr case, based v ecanoms, Ton waing g sunple weasute of the value of Tost
agticultural produchion s o measire of the on-farm vost of laml degradaton Land
management mvolves conservabion vosts and degradation costs angd betlomed o bie
vonmidered i assessmy the production anploations of land degradanon

Fhe hypothess exammned i tas paper s that, wpy fo s oeit i lume, b degg adsnien
han hind an ssigauslicant mpact oo the production of Austrabian agronliaie The
magimitnde of the wnpact of land degradstuar op agioaliure s measured

ey atmettenlly ssing aggregiie productton data The moded do be tested w biged on
the retatonstup between techoologionl progress, total fictar productivaty (TP and
the extent of lnd degradanon

2. TP and Land Degradation

1 e degradation has hid o substantal and sgficant onpact an agoealtad praduction i
will be rellected it bower production levels anddor higher wput levels Hall and Plyberg
(i modeled the mmpact of Jand degradation by estimating producton funeiions for
farins waith and wathout fand degradation problems using cross section data The approsch
suppents that Tand deggadanon can be viewed a8 8 dowmeards shift m the aggrepae
produgtion fisction and sa will be revealed ss a sigmificant negave coatlicient o the lnd
degradaton vanable m the production funchion Wiile the appronch s conceptually soud,
there we sigmbicant satimation and dat probleams assooated with 1he esurmation of sn
egate production fncton In this contest the wost importam jmmlc& HvAtion
of the extent of fand degroadation st sn indragdual B leve) Tndivi hemers wonld fined it
difficult 1 quannfy the exten of degradation while the use of 4 ummmy virkible 1o veflest
whether degeadntion s present o not Joses a Jot of mlsrmation abowr the relationships
mvolvel

An alternative estimation spproach aan be develaped utiliwng the underlying production

pelatiomadips ox reflected in measwres of TEP This approach as the advaniage thar there is
o need Lo specify the complete production surface and obiain infarmmtion on(the extent of
tand degradation on individus) fums However, it doss imply nny and all of the assimptions
agsocited with the partienlar mensure of TEP that is used
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TFP is a catch-all concept Changes in TFP reflect all those factors which influence the
relationstap between inputs and outputs in a production system Improvemcnls in cost
efficiency (technical efficiency, technological progress and incicases in allocative efficiency
in factor markem) tend to increase TEP while land degradation tends to reduce TFP. The
refationship is illustrated in Figure 1. Over time technological progress and the
improvement in the efficiency with which resources are used tends to expand the
production possibilitics as we tend to move from a point like A to some point D-on a higher
production surface  Land degradation is equivalent to negative technological progress and
constraing the industry to some point B on an intermediate production surface. Measured
TFP reflects the shiflt in production from C 10 B and has two component parts € to D
reflecting tmprovements in efficiency and technological progress and 1 to B reflecting the
production impact of fand degradation

This suggests the following simple model
P = fCE, LD) (n
where
P= a conventional measure of TFP
CE = collection of variables determining mcreases i cost efficiency, and
LD = a measure of the sate of land degradation

The esumation of this model has been made feasible by the work of Mullen and Cox
(1995) As part of a study of the returns to rescarch in Australian agnoulture they compiled
a data senes that mcluded estimates of TFP under different modeling assumptions, and
most importantly, annual research and extension expenditure for the agticultural scetor
since 1953 On the basis of the work of Mullen and Cox (1995) it s hypothesised that
wmprovements cost efficiency will be determined by outlays on research and extension,
seasonal factors, the level of education of farmers and changes in the profitability of fanming
as reflected m movements in the terms of trade confronting the sector

A measure of the rate of land degradation is not readily available A time trend can be used
as a very crude proxy for the progress of land degradation Indirect support for this
approach can be found in Mullen and Cox (1994), In attempting to explain changes in TFP
this early work reported that after accounting for research outlays, education Jevels and
weather, there was a significant negative time trend. This trend variable was consistent with
a 4%pa decline in TFP afler accounting for those factors which could explain
improvements in cost cfficiency This result is consistent the impact of land degradation.
(Mullen and Cox{1995) subsequently removed the time trend variable from their estimation
model on the grounds of reducing multicollincarity )

The use of a time trend in the model is also supported by a test for stationarity of the TFP
series. Using the approach suggested by Holden and Perman (1994) it was found that TFP
was trend stationary. Under these circumstances the inclusion of a trend term in a model is
a valid means of achieving stationarity. Moreover, failure to deal with the nonsstationarity
of the TFP variable by this, or some ather approach, would mean that any results coming
from standard OLS models would be unreliable.

The empirical model used as the basis of this work is drawn from Mullen and Cox(1994).
P=f{T, W, E, TOT, RES, EXT) @)




where

T =time trend

W = weather index

E = education attainment of farmers

TOT = terms of trade for the agricultural sector
RES = research effort

EXT = extension eftont

3. Data
3 1 Specification of Vanables

The data for TFP, research, extension and education were compiled by Mullen and Cox
(1985) The dependent variable, TFP, was computed as a ratio of Divisia indices. The
research variable is represented by total State Department of Agriculture, CSIRO and
university outlays on agricultural research. This series was adjusted by a research deflator
and lagged using an inverted V profile over § years The extension variable was computed
by lagging actual agricultural extension outlays over 3 years with a weight of 0.5 for the
cursent vear and 0.25 for each of the previous two years. The Education variable is a five
year moving average of the ratio of school enroliments to the potential number of students.

The weather and terms of trade variables were also drawn from Mullen and Cox (1985) but
were modified in this analysis. The impact of weather on TFP was measured through two
variables The principal variable is the ABARE index of season conditions for grazing areas,
This is a regional index of pasture growth weighted, in this case, by sheep numbers in each
region. Testing for stability of the model suggested that this variable did not adequately
represent the severity of the drought in 1983. To take this into account a 0,1 dummy was
included for this year

The impact of changing profitability on TFP was. also measured through two variables: the
level of the terms of trade for agriculture and the absolute value of the change in the terms
of trade between two periods, The conventional rationale for including the level of the
terms of trade in this model is that in periods of improving profitability, farmers undertake
investments, often on the basis of a catch-up for some period when capital has been rin
down. These periods of high investment are characterised by reductions in TFP because
there is often a considerable lag between the expansion in the level of capital inputs and the
consequent growth in output. Therefore, a negative coefficient would be expected on the
terms of trade variable.

However, there is another implication of changing proﬁta’bility that is not captured by the
level of the terms of trade. Any change in output prices, either up or down, will tend to
reduce TFP in the short run. Firms maximise their TFP by operating at a level of output

which is consistent with a minimisation of their short run average costs. Changes in output




prices will tend ta shift firms away from the initial fong run equilibrium position to levels of
output that are not consistent with the lowest level of short run average costs. 1f prices rise,
tirms will expand output and experience higher average costs. Similarly, when prices fall
firms will contract output and average costs will still rise. In the long run, adjustments to
output prices and/or factor prices will tend to move the industry and individual firms back
towards 4 long run equilibrium with an output level that is consistent with the minimum
point on the short run average cost curve and the maxinum TFP fevel.

A variable measuring the extent of changes in the terms of trade in an absolute sense would
tend to capture these tendencics and could be expected to have a negative coeflicient in the
estimated model

Following Mullen and Cox (1995) all the variables will be measured in log terms
3 2 Pretesting

Granger and Newbold (1986) have shown that if the variables in a OLS madel are nan-
stationary the estimated equation may be misleading As noted previously, the dependent
variable. TFP, is trend stationary and stationarity is achieved through the inclusion of the
time trend term i the estimated model The stationarity of the explanators in the model was
tested using the Augmented Dickey Fuller test and the Phillips-Perron test. All variables
were tested in log form. The critical values were taken at the 12 level of significance. The
results are presented in Table 1

Only three variables were found 10 be stationary” the seasonal conditions index of weather
conditions, the education variable and the variable representing the absolute value of the
change in the terms of trade The lagged research variable required second differencing
before stationarity was achieved All other variables were stationary after first differencing,
There were no conflicts between the results from Augmented Dickey Fuller and Phillips-
Berron tests

The variables included in the estimated models are all specified in there stationary form.
For example, the reported coefficients on research refer to the impact of the second
difference of the research variable on TFP

4. Results

The initial estimation model with all variables expressed in Jog terms and in there stationary
form is given by Equation (3}

TEP = C +al Wa2 DW+a3 E+ad RES+aS EXT+a6.TOT +a7 ATOT+28.T+29.T ¢ (3)
where:

DW = 0,1 dummy for the 1983 drouglt

ATOT = absolute value of the change in the terms of trade index

RES = research outlays lagged by 8 perods

The procedure followed in estimating the model was to estimate cquation (3) and then
delete insignificant variables in tum re-estimating following the deletion of each variable,

P

A
q
2
i




Table 1
Pre-Testing of Data for Stationarity

Test
Variable Augment Dickey Fuller Phillips- Perron
Weather Seasonal Index 1{0) 1(0)
Education H0) 1{0)
Terms of Trade K1) (1)
Change in Terms of Trade () 1(0)
Research 1(2) K2)
Extension K1) I(1)

1(0) = stationary in levels

I(1) = required first differencing to achieve stationarity

I(2) = required sccond differencing to achieve stationarity

Critical values for the tests were based on the 1% level of significance.
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The equations were estimnted using OLS in the RATS statistical packnge. The rasilis from
all vegression runs are presented in Table 2

The model thal appems most appropriate given the natre of the data is Modil 6 Al the
viinbles are sigmificant and the signs on the coellicients wre not unreasonable  The
diggnostics for the equation also appent seceptable

e of the key pamts to come out of this estimation exercise is the difliculty in isolating
the impact of indwdual fetors on mensured TEP 1t s of partieular coucern that the lagged
vesenrch and extension vanables were not significant In Model 7 the trend tern is repliced
with the lagged resenrch varinble and the deterministie trend 18 removed from TEP by prior
regression on s tend vanable These changes did not wpprove the perfbrmunee of the
research vatable as the refevant coeflicient was sill cleady nsignificans 11 is important to
retember that the resenreh varable used in this exervise 18 denved from, but not the smng
as, the resene b vanable used by Mutten and Cox { 199:4) and (1995)

A Chow test was cartiedd oot to test tor the stability of the coefllicients over the sample
perind The sample was eflectively broken into two 18 year pertods with 0,4 intercept and
slope dumnues included w the model The results indicated that the null hypothesis of stable
coeflicients between the two sub-sample penods conld not be tejected (Chi-Squared (3)
cocfleent of 3 06 with 1 sigmficance level of 0 18)

Uhe posinve and fughly sigmifieant trend term i Model 6 highlights the dillicully involved in
wentifying the contnbutions of the imdividual explanmors (o the fevel of measwred TFP The
most abvious uterpretation that van be ploced on the estimisted trend coeflicient is that it
captutes the det anpact on TFP of g aumber of vasiables mcludimg research, extengion wnd
land deradation The positive cocflicient confirms the aceepted belief that, up 1o this point
i tine, the impact of tesearch and development has outweighed the niegative effeet of land
degradation o etfect this result does htle mote than confiem that the underying rate of
srowth of TEFP has been around 2% pa

An ahernative formntation of the model wag also estimated based on a comparison of the
rate of growth of THF i the agriculiural sector with that achieved i manufheturing where
natural resource degradation is unlikely to have a significant impact 18 one makes the bold
assumption that the undedynsg e of eehnologienl progress is simitar betsveen the (wo
sectors, it cauld be expected that o substuntial fevel of Tand degradation would tend 1o
rechee the rbo of agocaliuet TEP compared to mantfacturing TEP

To test this relationship, the wtio of TFP in agricalture to TEP i manufacturing was
vepressed agringt o time trend and the tvo weather vindables (The new dependent variable
wits fund to be stationiry ) 1t is nssumed tht the weather varinbles aceount fbr the sector
specific differences in the changes in TP other than Lo degradation which s eaptured in
the trend term I this case the expected sign on the tend term s negative. The variables
ather than the trend were again espressed in logs

The vesults of this test (see Table 3) also filed to show any evidence of 1 substantial fmpact
of land degradation on agriculivral produetion
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Table 2
Regression Resuits for TEP Model:
Sample Period 1956 to 1988

MODEL
Variable 1* 2 3 o 5 6 T
Constant 13 85 -6.57 -6.11 -6.89 ~7.07 -7.16 -10.40
092) (100 (1.09) (132) (188 (1.92) (1.50)
T 0.004 0.022 0.023 0021 0.02 0.02

(018)  (208) (234) (237) (1423) (14.36)

,

T 00003 -0000 -0000 -0.000 |
(061) (016) (026) (005)
W 020 019  0.19 0.18 018 0.18 0.30
(247)  (364) (383) (393) (410) (415 (4.77)
DW 011 007 007  -007 007 -008  -0.07 '
(245)  (235)  (241) (254) (262) (275) (2.08)
EDUC 2228 237 226 245 249 2.51 2,70
(066) (1.55) (172) (201) (289) (295 (1.74)
TOT 004 -007 -007 -007 -007
(028) (0S7T) (057) (0.65) (D66)
ATOT 003 0003 0003
(115)  (018) (020)
EXT 2109 0072
(1.01)  (014)
RES =229 -6.97
(012) (0.46)
Durbin-Watson ~ 2.11 197 1.08 2,00 2.00 200 229
R? 085 092 0.92 0.93 0.93 0.94 0.52

* Model | was run over the shorter sample period 1964 to 1988

** The dependant variable in Model 7 is the residual of a regression of TFP en a linear
trend

“t” statistics are in parenthesis




Table 3
Regression Results for the TFP Ratio Model:
Sample Period 1955 to 1982.

Variable CocefTicient
Constant 380
(16.15)
Time 00007
(0.49)
W 0.18
(345)
DW -0.05
(147
Durbin-Watson 1.84
R? 0.34

“t" statistics are in parenthesis




A more robust test of this model would involve a re-estimation of the TFP ratlo equation
with appropriate research and development measures for both sectors. Unfortunately the
data for research and development expenditure in the manufacturing sector is even more
difficult to obtain than is the case for agriculture.

8. Conclusion

The objective of this paper has been to test the notion that Jand degradation has been
minar in terms of praduction losses Two models were investiyated as devices 1o
isolate the impact of land degradation: one involved a direct assessment of the
relationship between land degradation and TFP in agticulture while the other
attempted to model the refationship indirectly by examining the ratio of TFP in
agriculture to TFP in the manufacturing sector On the basis of these models, and the
available data, it was not possible to reject the null hypothesis that, up to this point in
time, land degradation has had a negligible impact on grazing industry production
systems.

More sophisticated econametric techniques and fonger data sefs are probably
necessary o decompose the underlying rate of growth in TFP into those positive
components due to technological progress and the negative impact of land
degradation. This decomposition is worth pursuing not just for the msights it coald
offer on the overall impact of land degradation, but alsa because it would provide a
clearer picture of the impact of research and development on production. For example,
given the available data the best we can say about the impact of research and
development is that the underlying 2% pa growth in TFP probably represents a lower
bound estimate of the impact of R+D and that the greater the impact of land
degradation on production, the greater is the true underlying impact of R+D. If one
accepts the estimate of $600 million as the land degradation impact, the lower bound
estimate is probably very close to the true value

If the results of this and previous analyses of the production impact of land degradation
are broadly correct ther= are potentially significant implications for public policy
formulation in the land management area. Most importantly, there would appear to be
little justification for significant increases in public funding to correct market failures
due to high private discount rates and sub-optimal information on the an-farm
implications of land degradation. It also raises the question as 1o whether the current
funding may be excessive.

At a more general level an estimate of a negligible production impact from land
degradation casts some doubt on claim that land degradation has imposed a significant
production constraint upon society. However, it is important to remember that this,
and other attempts at the measurement an-site impact of land degradation, are in terms
of “up to now", These estimates tell us nathing about what will happen to production
in 10 years time if critical soil quality thresholds are breached.



Finally, an indirect policy implication of this work is that the public policy focus on
land degradation should be directed towards the off-site/externality issues which have
not been considered in this analysis.
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