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Abstract

Many economists have advocated and applied total social factor productivity (TSFP) (i.e., total factor productivity estimated
with both market and non-market inputs and externalities, and with all factors valued at social prices) as a single all-embracing
measure of agricultural sustainability. This paper reviews the conceptual and practical issues in measuring TSFP and shows
that no one measure alone will be theoretically or empirically robust as an indicator of sustainability. TSFP is a conceptually
flawed measure since inclusion of non-market inputs and outputs and social price-based valuation, in most cases, violates the
theoretical basis underlying those estimates. Trends in TSFP also have limited value in diagnosing the nature of sustainability
problems, unless changes in productivity are related to underlying changes in technology, human and physical infrastructure,
and indicators of resource quality.

More attention needs to be given to defining key indicators of agro-ecosystem health and relating these measures to trends
in productivity. This analysis must be sufficiently disaggregated and for a long enough time period to allow for spatial
and temporal variability inherent in agricultural production. Secondary data at the district level on both conventional inputs
and outputs and resource quality have recently allowed more quantitative estimates of sustainability and its causes. With
limited data, yield growth decomposition analysis can often be used to provide valuable insights into sustainability problems.
Meanwhile, there is a need to invest in long-term experimental and panel surveys of farmers and their fields for key production
systems in order to provide long-term data that will allow full productivity accounting, using more formal statistical procedures.
Regardless of the approach selected, the findings of this paper strongly suggest a need for economists, agronomists and soil
scientists to collaborate in integrating approaches in order to provide more robust and informative measures of sustainability.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction there have been debates about how to define and
measure sustainable agricultural systems. It is now

Since sustainable agriculture became the watch widely agreed that there are different dimensions of
word for encapturing society’s desire to better pre- sustainability ranging from the biophysical dimen-
serve the natural resource base for future generations, sions to economic and social dimensions (Herdt and

Lynam, 1992). The biophysical dimensions of sus-
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long-term economic viability of farming and rural
communities.

Naturally, biological and physical scientists have
tended to focus on biophysical measures of sustain-
ability, such as crop yields on the output side, and in-
dicators of soil and water quality on the input side.
However, there are serious limitations to these mea-
sures of biophysical sustainability since yields must be
interpreted in relation to input use, and indicators of
resource quality must be related to productivity. De-
spite these difficulties, a considerable body of work
has been developed by crop and soil scientists to define
and measure indicators of resource quality as a basis
for tracking the sustainability of agricultural systems
(e.g., Barnett et al., 1995; Pieri et al., 1995).

In order to develop a single unambiguous measure
of biophysical sustainability, economists have pro-
posed the use of an index of total factor productivity
(TFP), since it explicitly accounts for changes in agri-
cultural production in relation to changes in inputs.
Lynam and Herdt (1989, p. 385) in an influential ar-
ticle, “Sense and sustainability” in this Journal, first
proposed that:

... the appropriate measure of output by which to
determine sustainability ... is total factor produc-
tivity ...; a sustainable system has a non-negative
trend in total factor productivity over the period of
concern.

A non-negative TFP growth implies that output is
increasing at least as fast as inputs. A negative trend in
TFP strongly implies that the quality of the resource
base is being degraded although it says nothing about
the causes of that degradation.

TFP as conventionally measured by economists
does not take account of non-market outputs and in-
puts, especially long-term resource degradation such
as soil loss or nutrient mining, and environmental
externalities (such as water pollution). Therefore, the
definition of sustainability was soon modified to a
more inclusive measure of total social factor pro-
ductivity (TSFP), in which changes in non-market

inputs and outputs, and externalities are explicitly’

incorporated (Herdt and Lynam, 1992; Crosson and
Anderson, 1993). Expanding the criteria, Herdt and
Steiner (1995) later argued that such a non-negative
trend in TSFP must be achieved within acceptable
limits of indicators of agro-ecosystem health for an

economic system to be sustainable. While TSFP is
intuitively appealing, the problems of measuring and
valuing non-market inputs and outputs, such as re-
source degradation and environmental pollution, are
formidable and as we show in this paper, the TSFP
measure itself is conceptually flawed. !

Despite these difficulties, a non-negative trend in
TFP or TSFP has been fairly widely accepted among
economists, and many agronomists, as the measure of
a sustainable agricultural system. Many recent studies
have used TFP to analyze the sustainability of spe-
cific agricultural systems (Ali and Byerlee, 2000), or
crops (Sidhu and Byerlee, 1992; Cassman and Pingali,
1995). A few studies have attempted to measure TSFP,
usually using data from experimental plots (e.g., Ehui
and Spencer, 1993; Whitaker, 1993), including one
compendium based on long-term experiments from a
number of sites (Barnett et al., 1995).

The purpose of this paper is to provide a conceptual
and practical critique of the TFP and T'SFP measures
of sustainability and propose modifications of these
approaches that might be applied to diagnose the pres-
ence or absence of a sustainability problem, as well
as to understand the causes of the problem, if it ex-
ists.> We conclude that although TSFP is a concep-
tually flawed measure of sustainability, the trend in
TFP, as conventionally defined, can be a useful start-
ing point for measuring sustainability but it has little
value unless it is interpreted in relation to trends in
resource quality. That is, we advocate some combina-
tion of two of the main schools of thought in the de-
bate on measures of sustainability of an agricultural
system — those who focus on indicators of resource
quality, and those who emphasize productivity mea-
sures. In particular, we argue that the main challenge
now is to develop useful and cost-effective indicators
to monitor long-term changes in resource quality and
ways to relate these to changes in productivity.

! One of our referees has also pointed out that since agriculture
is only one component of an ecosystem, agricultural sustainability
cannot be used to judge environmental (resource) sustainability,
and vice versa. While we accept this as an issue in multiple use
systems, this paper largely relates to intensive agricultural systems
in the developing world where agriculture is by far the dominant
component of the ecosystem.

2 A third level of analysis to evaluate interventions to improve
sustainability is not treated in this paper.
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2. Limitations of TSFP as a measure of
sustainability

It has been argued that the use of TSFP as a mea-
sure of sustainability requires two types of changes
in conventionally measured TFP. First, it is proposed
that TFP measures should be broadened to include
non-marketed inputs and outputs. Joint outputs or
externalities of agricultural production such as soil
erosion, depletion of soil fertility, and groundwater
aquifer mining are usually not taken into account
in productivity measurement yet are clearly central
to tracking agricultural sustainability. To address
these problems, several researchers have argued that
changes in the quality of the natural resource base
(including externalities) should be accounted for in
measures of agricultural productivity indices for as-
sessing sustainability (Antle and McGuckin, 1993;
Harrington et al., 1994; Alston et al., 1995a; Herdt and
Steiner, 1995; Repetto et al., 1997). The recent debate
also suggests that costs of environmental regulation
and abatement, as well as benefits of improved envi-
ronmental quality, be included in TSFP (Repetto et al.,
1997; Gollop and Swinand, 1998). Second, TSFP
requires that both market and non-marketed inputs
and outputs be valued at long-term economic prices
(Herdt and Lynam, 1992). For example, Crosson
and Anderson (1993) argue that non-marketed and
therefore unpriced effects should be valued at their
marginal social values that include impacts of pro-
duction on the agricultural natural resource base and
environmental consequences that reflect changes in
the quantity or quality of resources not directly used
in agriculture (e.g., value of wildlife habitat). In the
remainder of this section, we note critical conceptual
and practical difficulties with TSFP, as defined, as a
measure of sustainability.

2.1. Conceptual issues

TFP growth measures the residual growth in out-
put after controlling for the weighted growth in input
use, where the weights are provided by the elastic-
ity of output with respect to inputs. If we assume
that producers maximize profits, output markets are
competitive, and the production technology is char-
acterized by constant returns to scale, the elasticity of
output with respect to each input is equal to its share

in total cost. Then, TFP growth can be estimated
using observed input and output quantities and prices.

As noted earlier, TSFP modifies TFP by expand-
ing the input indices to include non-marketed inputs
and outputs, and weights the observed input quantities
with their respective cost shares using social prices.
Whether or not this is correct depends on the underly-
ing behavioral assumptions and the nature of the pro-
duction technology. If producers are profit-maximizers
(or cost-minimizers), non-market factors such as re-
source stocks which are beyond the control of the pro-
ducer but which affect the production environment,
should be treated as a technological constraint rather
than as conventional inputs in TFP estimates (McFad-
den, 1978; Squires, 1992). The resulting growth resid-
ual should be explained by both technical change and
changes in resource stocks.

Whether or not resource quality is included in
TFP calculations also depends on the nature of
the production technology. If water quality, e.g., is
modeled as a joint output, it should be included. If
it is a pure externality that does not affect the system
being evaluated (e.g., water quality for consumers), it
should not enter the calculations although private reg-
ulatory costs may be included as an input into produc-
tion.

If instead, the behavioral assumption underlying
TSFP is that of a central planner who faces social
prices, for appropriate growth accounting, we need to
estimate what levels of conventional and non-market
inputs would have been chosen by the planner, and
then use these estimated input quantities in the TSFP
input index. Observed input quantities (i.e., those un-
der profit maximization or cost minimization) only re-
flect optimal choices made by producers who ignore
externalities and face private, not social, prices for
conventional inputs.

For the same reason, observed input and output
choices should be valued by private, rather than
long-term economic or social prices. The role of val-
uation in TFP measures is to measure the gradients of

3 In industrial contexts, regulatory costs have been incorporated
into productivity measures. For example, Pittman (1983) used
the costs of compliance with US pollution-control regulations as
shadow prices with which to value pollutants (negatively, in the
output index) in the paper industry. However, regulatory costs are
less common in the agricultural sector, particularly in developing
countries.
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the technology (elasticities) at the observed producer
output and input choices. However, in the absence
of markets or in the presence of price distortions,
the gradients will reflect only the producer’s valua-
tion, not society’s, of the products (Weaver, 1998).
Therefore, valuing production at the societal shadow
prices of goods, or by consumer prices (e.g., Gollop
and Swinand, 1998) rather than producer prices is
theoretically incorrect. For example, in the case of
overexploitation of a joint access resource such as
groundwater, where the cost of using the resource is
negligible to the individual — however large it might
be for society or whatever the long-term implications
for sustainability — the input should be valued at a
negligible price in the input index.

In summary, in many instances, modifying TFP to
a TSFP measure is likely to be conceptually flawed.
Alternative approaches need to be developed for
considering social costs and benefits when assessing
sustainability and designing interventions. We turn to
these in a later section in the paper.

2.2. Practical issues in using the TSFP approach

Aside from the above theoretical difficulties with
using a TFP-based measure of sustainability, there are
a number of practical issues in its application.

2.2.1. Level of aggregation

Traditionally TFP has been measured at the national
or state level since input and output data are most read-
ily available for politically defined regions. This is ap-
propriate since the main objective of these studies has
been to assess sources of overall sector growth. How-
ever, TFP trends at this level are a blunt instrument for
identifying particular production systems and regions
with potential sustainability problems, especially
given that such problems tend to be location specific.

By contrast, several recent studies have focused on
estimates of TFP at the plot level using data from
long-term experiments as a measure of sustainabil-
ity. The problem with this approach is how to relate
these trends to those in farmers’ fields. Physical condi-
tions often differ substantially between farmers’ fields
and plots on experimental stations, and more impor-
tantly, fixed experimental treatments do not allow for
farmers’ substitution among inputs and changing ro-
tations in response to resource degradation.

As Lynam and Herdt (1989) note, there is no easy
answer to this dilemma. They recommend that the ap-
propriate level of analysis of sustainability is at the
cropping or farming systems level defined in terms
of a relatively homogeneous agro-ecological resource
base that leads to similar choices of crop and live-
stock activities and inputs. Cropping or farming sys-
tems are a more powerful principle for classification
than other scales or spatial dimensions since the dif-
ferences across farming systems will tell us much
about the critical variables in long-term sustainability
(ICRISAT, 1998). Variation in cropping systems are
likely to reflect differences in factors such as the types
of new technologies that are available, investment in
infrastructure, agro-ecosystem health, and particularly
important for sustainability analysis, in the pressures
exerted on the stock of natural resources through in-
tensification of dominant enterprises in the system.

Where panel farm-level data are available, these
can sometimes be aggregated at the system level.
For example, Cassman and Pingali (1995) use panel
farm-level data to estimate TFP for intensive irrigated
rice systems in the Philippines. However, such data
sets are rare, although increasing, in the develop-
ing world. A more likely alternative is to construct
secondary data sets at the district level and then
aggregate districts on the basis of the dominant farm-
ing systems. For example, Murgai (1999) and Ali
and Byerlee (2000) aggregate district-level data by
cropping systems to estimate trends in productivity
growth during the green revolution and post-green
revolution periods in the Indian and Pakistan Punjab,
respectively. Significantly different patterns of TFP
growth across cropping systems in both studies under-
score the importance of disaggregating state-level or
national estimates to identifiable production systems.

2.2.2. Time period of analysis

A sufficient time period of analysis presents a prob-
lem in assessing sustainability. As Monteith (1990)
has shown, there is the problem of defining the nec-
essary number of years to estimate a trend with some
degree of statistical confidence. In a variable rainfed
environment with a low growth rate in TFP, the num-
ber of years required to estimate a statistically valid
trend may be as high as 30 years. Even in irrigated
areas, trends in TFP may be very sensitive to the pres-
ence of good or bad years at the beginning or end
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of the trend period, as shown by Tiongco and Dawe
(2000).

This problem is compounded by the fact that, in
practice, some systems have undergone several stages
of technical change in a short period. In Asia, for
example, the green revolution propelled irrigated
systems from very low external input use to high
input use in a period of two decades. Since sustain-
ability is likely to relate to the particular stage of
technical change, it may be difficult to detect under-
lying trends before the system evolves into a new
stage of change. Thus, over a relatively long pe-
riod of time, a system experiencing rapid technical
change may appear to be sustainable as measured
by trends in TFP, even though underlying trends in
resource quality suggest that such a system is not
sustainable (see, e.g., Duff et al., 1995). By the time
that these resource quality problems are reflected in
TFP trends, resource degradation may be very se-
rious and even irreversible (e.g., some types of soil
salinity).

2.2.3. Confounding of labor-saving and land-saving
changes

A further difficulty in using a TFP-based measure
of sustainability is that trends in TFP are due to
both land-saving and labor-saving technical change.
In practice, the main interest in estimating TFP to
assess sustainability is to explore the balance be-
tween land-saving technical change (positive effect
on TFP) and land degradation (negative effect on
TFP). A situation where land-saving technical change
is able to compensate for resource degradation over a
sufficiently long period of time provides confidence
that a system is sustainable, even if there is evi-
dence of resource degradation. However, increasingly
in the developing world, trends in TFP are driven
by labor-saving technical change, especially where
mechanization is proceeding rapidly, as in much of
Asia. Labor-saving technical change reflected in pos-
itive TFP growth may disguise serious problems of
resource degradation that do not become apparent
until after the period of rapid labor-saving technical
change has been completed. For example, Traxler
et al. (1995) found that harvest mechanization was
the main driving force in TFP growth in cotton in
the post-war period in US, while other evidence
shows that this was a period of considerable resource

degradation. In the Pakistan’s Punjab, labor pro-
ductivity has increased faster than land productivity
in the post-green revolution period, allowing posi-
tive TFP growth in most systems despite evidence
of serious resource degradation (Ali and Byerlee,
2000).

2.2.4. Measurement and valuation issues in
estimating TSFP

There are many practical problems in measuring
and valuing non-market inputs and outputs related to
resource degradation, even where it is theoretically
appropriate to include them. While it is conceptually
straightforward, although often costly, to quantify
non-market inputs and externalities, the valuation
of these inputs and outputs is challenging. Even in
valuing private shadow prices for on-site effects, the
analyst must decide whether to use foregone output,
replacement costs, user costs, or option and existence
value to measure the costs of resource degradation
(Harrington et al., 1994).

As we have discussed above, it is theoretically valid
to include some on-site non-market effects in esti-
mates of TFP, where these are reflected in farmers’
decision making. The most relevant case for agricul-
ture is the accounting for soil nutrient mining and the
on-site cost of erosion. Changes in on-site soil nu-
trient stocks are a valid candidate for inclusion in a
TFP index since these are probably internalized by
farmers in decision making. Measurement and valua-
tion of changes in nutrient stocks is relatively straight-
forward but entails intensive data collection. In some
cases, the cost of soil nutrient ‘mining’ can be approx-
imated by its replacement cost, i.e., the market price
of chemical or organic fertilizers needed to fully re-
plenish the nutrient. For example, using experimen-
tal data and plot soil tests, Ehui and Spencer (1993)
compute TSFP for four production systems in Nige-
ria in which nutrients applied and extracted had been
carefully recorded. The results illustrate that a sys-
tem with apparent productivity growth but large deple-
tion of resources is in fact unlikely to be sustainable
when proper account is taken of the cost of replacing
the nutrients extracted. Likewise attempts have been
made to value soil erosion effects by estimating ero-
sion losses and output foregone using simulation mod-
els of soil run-off and crop productivity (Steiner et al.,
1995).
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Several studies have tried to account for externali-
ties arising from use of agricultural chemicals in TFP
measures, but these efforts have often been very crude
and have also made little difference to the overall con-
clusions (Repetto et al., 1997, and various chapters in
Barnett et al., 1995). Steiner et al. (1995) classify ex-
ternality costs of pesticide and fertilizer use into reg-
ulatory costs, health-related costs, and environmental
costs. Among these, costs of compliance with govern-
ment regulations and health costs to farmers of sus-
tained contact with pesticides are largely borne by the
farmer and could be included in a TFP index. However,
other costs that do not influence the farmer’s produc-
tion choices (either because the perceived cost is zero
or because the farmer is not aware of the cost) should
not be included. As a result, unpriced environmen-
tal costs such as wildlife losses and water pollution
— notwithstanding their important social costs — are
clearly misplaced in a TFP index. In addition, valua-
tion of these externalities in the existing literature has
often been estimated as an arbitrary share of private
costs of using the input (e.g., a mark up of 20-100%
on market prices) (e.g., most of the case studies in
Barnett et al., 1995).

3. Toward a set of indicators on productivity and
resource quality

The main conclusions from the above discussion are
as follows. First, TSFP is a conceptually flawed mea-
sure of sustainability. Inclusion of non-market inputs
and outputs and use of social prices for valuing inputs
in TFP estimates in many and probably most cases,
violates the assumptions underlying those estimates.
Second, attempts to value non-market inputs and out-
puts have often been meaningless, given the arbitrary
assumptions that have been employed. Finally, trends
in TFP have limited value in diagnosing the nature
of sustainability problems, without relating changes
in TFP to underlying changes in technology, human
and physical infrastructure, and especially indicators
of resource quality.

Thus a positive trend in TFP (conventionally mea-
sured) is not a good indicator of sustainability, except
over the very long run in a situation in which external-
ities are minimal. Nevertheless, a statistically robust
negative trend in TFP over a period of say a decade or

more, is very likely a good indicator of sustainability
problems related to underlying resource degradation.
As recognized by Lynam and Herdt (1989), however,
the finding of negative TFP trends is of little value in
decision making, unless it can be interpreted in light of
data on underlying trends in resource quality that help
identify the factors causing the negative TFP trend and
provide guidance on possible measures to mitigate or
reverse the problem.

In sum, the recent emphasis in the economics liter-
ature of searching for an all embracing single measure
of sustainability in the form of TSFP has not been
helpful. Rather attention in diagnosing sustainability
should now turn to doing a better job of measur-
ing productivity and trends in resource quality and
relating the two.

3.1. Decomposing trends in productivity growth

We suggest that diagnosis and understanding of
sustainability should be conducted within the frame-
work of a production function that integrates eco-
nomic, agronomic and resource quality variables.
Such a function would include conventional inputs
(land, labor, etc.), non-conventional inputs (education,
infrastructure, etc.), technology variables (e.g., use of
improved varieties), resource degradation variables
(e.g., soil erosion, nutrient status, etc.), and weather
variables (to reduce weather-induced variability and
allow trends to be picked up with a shorter period
of data).# Inclusion of resource quality variables in
the production function is also an advantage in that it
allows valuation of resource degradation through the
estimated marginal product.® Conceptually, and per-
haps empirically, outputs could be modeled as a joint
production process of agricultural outputs and environ-
mental externalities (Jaenicke and Lengnick, 1999).

Ideally, this production function would be estimated
for the system of interest using time series information.
In practice, time series data are rarely long enough
or complete enough to allow econometric estimation.

4 Technology variables could be incorporated as a knowledge
stock (e.g., investment in research) but because of long and un-
certain lags (Alston et al., 1995b), direct inclusion of technology
variables is usually preferable if the main interest is system sus-
tainability.

5 Either a production, profit or cost function can be employed to
estimate effects of changes in resource quality on productivity.
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A compromise is to use panel data to capture both
cross-sectional and time series variability. Secondary
panel data for many of the variables are increasingly
available at the district level, especially production and
input data. Several recent studies have also included
district-wise data on resource quality — Huang and
Rozelle (1995) and Lindert (1999) for China, and Ali
and Byerlee (2000) for Pakistan. The latter two studies
are unique in using direct estimates of soil quality
from soil sampling (and water quality in the case of
Pakistan). All three studies show significant effects of
resource degradation on productivity.

In a more advanced approach, resource quality
would be modeled endogenously as a function of past
productivity and management practices (Byerlee et
al., 1991). This approach was used by Lindert (1999)
to analyze trends in soil quality and agricultural pro-
ductivity in China. Soil quality was modeled as a
function of crop yields and cropping patterns in pre-
vious years and several exogenous factors. As might
be expected, soil quality was positively enhanced by
shifts to enterprises such as legumes and livestock.

More in-depth analysis will require primary panel
data at the farm or plot level. Panel data on rice farmers
collected by IRRI over a period of 30 years have been
analyzed to test for resource degradation as indicated
by a continuous shift downward in the production
function (Cassman and Pingali, 1995). However, this
data set does not include indicators of resource qual-
ity that would identify the causes of that degradation.
At the plot level, there are a number of data sets that
have been generated by long-term experiments that are
good candidates for production function analysis (Bar-
nett et al., 1995). These data sets often include detailed
information on resource quality, but are often con-
strained by information on key inputs, especially labor.

Meanwhile, a less data intensive but useful approach
is for agronomists and economists to collaborate in
a yield-accounting analysis. In this approach, avail-
able agronomic response information (e.g., fertilizer
response) and information on farmers’ practices and
yields at a minimum of two points in time, is used to
decompose actual yield growth into various sources
— genetic, input use, changes in management prac-
tices, and changes in soil parameters. The approach is
more qualitative but much cheaper, less data intensive,
and in the few cases in which it has been applied, has
provided valuable insights on system sustainability.

The best example of such an approach is provided
by Cardwell (1982) for maize in Minnesota over a
50-year period. Cardwell was able to include factors
leading to negative yield effects such as the decline in
soil organic matter. Other recent examples include Bell
et al. (1995) for wheat in northwest Mexico, and By-
erlee and Siddiq (1994) for wheat in Punjab, Pakistan.
In the latter case, the yield accounting left a signifi-
cant negative residual that was attributed to resource
degradation, but the data available did not allow an
identification of the precise yield-reducing factors.

The major missing element in the above approaches
is the failure to account for off-site externalities. In
those systems where specific externalities are hypoth-
esized to be important, they need to be quantified.
Externalities might enter the production function as a
joint output, although this still begs the problem of
valuation. Alternatively, the cost of the externality can
be ‘normalized’ by comparing the cost of externalities
produced with the value of productivity gains realized
(but not by the computation of a single all-inclusive
index). Knowledge of such externalities, including so-
cial costs, will be especially important in evaluating
interventions to enhance system sustainability.

3.2. Minimum data sets for monitoring sustainability

The major challenge to implementing the above
framework is the lack of comprehensive data sets
to analyze sustainability of key production systems.
Panel input—output data on production are increasingly
becoming available at the plot level (i.e., long-term
experiments), farm level (i.e., panel farm-household
and plot survey data), and district level (i.e., sec-
ondary statistics). However, except for the district
level, most of these data sets are limited by the rel-
atively short-time period over which the data have
been collected. Both international and national re-
search institutes are now recognizing the value of
long-term experiments and many have been initiated
in the past few years. However, analysis of some of
these results after only 3—5 years is probably prema-
ture (e.g., Whitaker, 1993; Ehui and Spencer, 1993).
International agricultural research centers have been
in the forefront in setting up farm-household and farm
plot panels (such as the ICRISAT village surveys, the
IRRI rice farmer surveys, and CIMMYT’s wheat field
panel in northwest Mexico, and wheat-rice field panel
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in the Terai of Nepal). However, even some of these
panel data sets have not been sustained over time
(e.g., the ICRISAT data sets have not been updated
for several years). ©

In the meantime, district-level secondary data offer
the best opportunity to analyze long-term sustainabil-
ity provided more emphasis is given to finding inno-
vative means to track resource quality. For example,
in Pakistan, soil and water test data have been col-
lected continuously for over 30 years in response to
demands from farmers and extensionists but had not
been aggregated and made available. While not a ran-
dom sample, these data did seem to explain important
trends in productivity of Punjab agriculture (Ali and
Byerlee, 2000). Similar data for parts of China have
also provided new insights into long-term trends in
soil quality (Lindert, 1999). Likewise, Stoorvogel and
Smaling (1990) have demonstrated the value of com-
puting nutrient balances at the system or even national
level, based on secondary data on nutrients applied,
crop yields and nutrient content, livestock numbers
and crop residue management. Measures of genetic di-
versity in farmers’ fields have recently been developed
which may be proxies for potential pest and disease
losses (Smale et al., 1998).

Simulation models offer much potential to infer
trends in resource quality. For example, soil run-off
models combined with data on topography, soil type
and crop management information may provide rea-
sonable estimates of soil erosion. Crop simulation
models may help detect widening yield gaps be-
tween what are expected yields and actual yields with
the difference being attributed to unmeasured trends
in resource quality. Recent work has applied these
modeling approaches to assessment of impacts of
technological change (Dyke, 2000).

Nonetheless, there is little doubt that there is an ur-
gent priority to invest in regular monitoring of resource
quality at the level of farmers’ fields. We believe that a
relatively modest investment in monitoring soil qual-
ity could provide high payoffs in identifying sustain-
ability problems and allowing more timely design of

61In addition, to our knowledge, none of these data sets have
as yet been geo-referenced using global positioning technology to
allow future researchers and even future generations of researchers,
to accurately return to the same fields and farms in order to update
information.

remedial actions by both farmers and policy makers.
Collection of such data should become an integral part
of natural resource management research programs at
major research stations (Byerlee, 1991). The exact data
to be collected will depend on hypotheses on the main
factors likely to affect system sustainability and will
necessarily be system specific. In all situations, data
would be collected on carefully selected soil physical,
chemical and biological parameters, with parameters
such as soil organic matter likely to be included in
most situations. In some cases, pest populations might
be monitored through qualitative or quantitative scor-
ing. Although some have argued for composite indica-
tors, such as a single soil quality index (Jaenicke and
Lengnick, 1999), we believe a disaggregated approach
provides greater flexibility and will help to better un-
derstand the nature of the problem.

Such data collection systems necessarily require
considerable up-front investment to define the key pa-
rameters, sample size, frequency of data collection,
and benchmark sites. However, once established, the
collection of data at regular intervals has been shown
to be a relatively low cost exercise.

4. Conclusion

Long-term trend in productivity is an important, but
only one measure, of biophysical sustainability. This
review of the conceptual and practical issues in mea-
suring productivity has shown that no one measure
alone will be theoretically or empirically robust as a
measure of sustainability, even in the initial diagno-
sis stage. Nor do single measures help in understand-
ing the underlying factors influencing sustainability.
Much more attention needs to be given to defining
key indicators of agro-ecosystem health and relating
these measures to trends in productivity. This analy-
sis must be sufficiently disaggregated and for a long
enough time period to allow for spatial and temporal
variability inherent in agricultural production.

The key constraint now to assessing sustainability
of agricultural systems is the lack of disaggregated
data on resource quality for a sufficient time period.
Agricultural research systems are beginning to gen-
erate such data through long-term experimental and
panel surveys of farmers and their fields, but the effort
to date is very modest in relation to the need. In the
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meantime, analysts can often do much to identify sus-
tainability problems through partial approaches, such
as yield decomposition analysis using snapshots of
data on production practices, yields and resource qual-
ity at key points in time. The few examples available of
this type of analysis have provided more valuable in-
sights than a fixation on a single measure of total factor
productivity. Over time, as more data becomes avail-
able, full productivity accounting using more formal
statistical procedures can become routine for key pro-
duction systems. Regardless of the approach selected,
the findings of this paper strongly suggest a need for
economists, agronomists and soil scientists to collabo-
rate in integrating approaches in order to provide more
robust and informative measures of sustainability.
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