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CHAPTER 4

Total Factor Productivity in the GlobalTotal Factor Productivity in the Global
Agricultural Economy:Agricultural Economy:

Evidence from FAO DataEvidence from FAO Data

Keith O. Fuglie

1. INTRODUCTION
Recent assessments of the global agricultural economy have expressed con-

cerns of a signifi cant slowing down in productivity growth, which raises the 
specter of heightened supply-side constraints at a time when population, income, 
and energy drivers are raising agricultural demand. The World Bank Development 

Report 2008 identifi ed a halving of the growth rate in grain yields in develop-
ing countries between 1970-1989 and 1990-2005 (World Bank 2007). Case 
studies in this volume from the United States (Chapter 8), Australian broadacre 
agriculture (Chapter 5), and the Canadian Prairie Provinces (Chapter 6) report a 
slowing of the growth rate in agricultural total factor productivity (TFP) in these 
regions. Yet, evidence from major developing countries such as Brazil (Avila 
2007; Gasquez, Bastos, and Bacchi 2008) and China (Chapter 9 in this volume) 
suggest productivity growth has accelerated there. This contrasts with earlier 
studies of global productivity growth, which found agricultural land and labor 
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productivity rising faster in developed than in developing countries (Hayami and 
Ruttan 1985; Craig, Pardey, and Roseboom 1997). Another confounding factor is 
the uneven performance of agriculture in the transition countries of the former 
Soviet block (Chapter 10 of this volume). Thus, the national and regional evi-
dence is mixed on recent trends in agricultural productivity. The purpose of this 
chapter is to present a comprehensive global and regional picture of agricultural 
TFP growth between 1961 and 2007. This assessment relies heavily on data from 
the Food and Agriculture Organization (FAO) of the United Nations (in some 
cases supplemented with data from national sources), and draws upon the fi nd-
ings of several country-level case studies of agricultural TFP for input cost-share 
information to construct a model of global agricultural productivity growth.

The necessary ingredients for an assessment of agricultural TFP are measures 
of aggregate outputs and inputs and their economic values. To measure output 
growth in global agriculture, I use the FAO output index, which is a Laspeyres 
index valuing about 195 crop and livestock commodities at a fi xed set of average 
global prices (Rao 1993). Periodically, the FAO brings together national-level com-
modity price data to construct a globally representative set of prices weighted by 
the Stone-Geary method. It then uses these prices to construct agricultural out-
put indexes for each country of the world. Its latest price update is for the 1999-
2001 period, expressed in 2000 U.S. dollars. Although prices differ over time 
and across space, the important feature of commodity prices for output index 
construction is their value relative to each other, which, given substitution pos-
sibilities, tends to be fairly stable over time. Thus, the growth rate in agricultural 
output reported by an individual country (using annual domestic price data ap-
propriately defl ated) is generally close to the growth rate in the FAO output index 
for that country. It should be noted, however, that changes in real output often 
differ substantially from changes in the World Bank’s estimates of real agricultur-
al value-added, or gross domestic product (GDP). Agricultural GDP is estimated 
by taking agricultural output net of feed and seed, valued at current national pric-
es, and then subtracting payments for materials provided by other sectors (e.g., 
fertilizers, chemicals, and energy). Defl ating this value by a general price index 
introduces terms-of-trade effects into the output series: if agricultural prices are 
changing faster than the average price level in the whole economy, then that will 
be refl ected in the rate of change in agricultural GDP. The FAO output price series 
is a better measure of changes in the real economy since it does not include these 
terms-of-trade effects.
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The major challenge in using FAO data for assessing changes in agricultural 
TFP is measuring changes in aggregate input in a consistent fashion. Since TFP 
is usually defi ned as the ratio of aggregate output to aggregate input (i.e., as 
the average product of aggregate input), it is necessary to account somehow for 
the sum total of changes of services of land, labor, capital, and material inputs 
used in production. The “growth accounting” method measures aggregate input 
growth as the weighted sum of the growth rates of the quantities of the individ-
ual factors of production, wherein the weights are the cost shares. But for most 
countries of the world we lack representative data on input prices and therefore 
cost shares. This is especially true for developing countries where the most im-
portant inputs are farm-supplied, like land and labor, but where wage labor and 
land rental markets are thin, thus making it diffi cult to assess the share of these 
inputs in total costs. 

To circumvent the lack of price or cost data, most previous assessments 
of global agricultural TFP have relied on distance function measures like the 
Malmquist index to compare productivity among groups of countries. Distance 
functions are derived from input-output relationships based on quantity data 
only. Recently, Ludena et al. (2007) used this method to estimate agricultural 
productivity growth for 116 countries and found that average annual agricultural 
TFP growth increased from 0.60% during 1961-1980 to 1.29% during 1981-
2000. But this methodology is sensitive to the set of countries included for com-
parison and the number of variables in the model, or the dimensionality issue 
(Lusigi and Thirtle 1997). Coelli and Rao (2005) have also observed that the in-
put shadow prices derived from the estimation of this model vary widely across 
countries and over time and in many cases are zero for major inputs like land 
and labor, which does not seem plausible. 

In this chapter I bring together several country-level case studies that have 
acquired representative input cost data to construct Tornqvist-Theil growth ac-
counting indexes of agricultural TFP growth and apply their average cost-share 
estimates to other countries with similar agriculture in order to construct aggre-
gate input indexes for these countries. For some regions for which reliable input 
cost data are not available (namely, Sub-Saharan Africa and the countries of the 
former Soviet Union), I use econometrically estimated input production elastici-
ties as weighting factors for input growth aggregation. Theoretically, production 
elasticities and corresponding cost shares should be equal, so long as produc-
ers maximize profi t and markets are in long-run competitive equilibrium. With 
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growth rates in aggregate output and input thus constructed, I derive growth 
rates in agricultural TFP by country, region, and for the world as a whole for 
each year from 1961 to 2007. 

In the next section of the chapter I discuss the methodology and sources of data 
in more detail. In particular, I describe a method of adjusting agricultural land area 
for quality differences to obtain a better accounting of changes in “effective” agricul-
tural land over time. I then present results of the model, showing how input accu-
mulation and input (total factor) productivity have contributed to agricultural output 
growth over time, in the global and regional agricultural economies. 

2. MEASURING TOTAL FACTOR PRODUCTIVITY IN AGRICULTURE
2.1 Methods for TFP Measurement

Productivity statistics compare changes in outputs to changes in inputs in 
order to assess the performance of a sector. Two types of productivity measures 
are partial and multifactor indexes. Partial productivity indexes relate output to 
a single input, such as labor or land. These measures are useful for indicating 
factor-saving biases in technical change but are likely to overstate the overall 
improvement in effi ciency because they do not account for changes in other in-
put use. For example, rising output per worker may follow from additions to the 
capital stock, and higher crop yield may be due to greater application of fertil-
izer. For this reason, a measure of TFP relating output to all of the inputs used 
in production gives a superior indicator of a sector’s effi ciency than do indexes of 
partial productivity. 

TFP is usually defi ned as the ratio of total output to total inputs in a produc-
tion process. In other words, TFP measures the average product of all inputs. Let 
total output be given by Y and total inputs by X. Then TFP is simply

 
 .YTFP X=  (1)

Taking logarithmic differentials of equation (1) with respect to time, t, yields

 
ln( ) ln( ) ln( )d TFP d Y d X

dt dt dt
= −  ( 2)

which simply states that, for small changes, the rate of change in TFP is equal 
to the difference between the rate of change in aggregate output and the rate of 
change in aggregate input. 
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In agriculture, output is composed of multiple commodities produced by 
multiple inputs in a joint production process, so Y and X are vectors. Chambers 
(1988) showed that when the underlying technology can be represented by a 
Cobb-Douglas production function and where (i) producers maximize profi ts 
and (ii) markets are in long-run competitive equilibrium (total revenue equals 
total cost), then equation (2) can be written as

 
1 1 1

, ,

, ,

ln ln lni t j tt
i j

i jt i t j t

Y XTFP
R S

TFP Y X− − −

⎛ ⎞ ⎛ ⎞⎛ ⎞
= −⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ ⎝ ⎠

∑ ∑  (3 )

where Ri is the revenue share of the ith output and Sj is the cost share of the jth 
input. Output growth is estimated by summing over the output growth rates 
for each commodity after multiplying each by its revenue share. Similarly, input 
growth is found by summing the growth rate of each input, weighting each by 
its cost share. TFP growth is just the difference between the growth in aggregate 
output and the growth in aggregate input. The principal difference between this 
measure of TFP growth and theoretically preferred measures like the Tornqvist-
Theil index is that a Tornqvist-Theil index takes account of the fact that cost and 
revenue shares vary over time. Using fi xed revenue and factor shares results in 
“index number bias” in cases in which either the revenue or the cost shares are 
changing signifi cantly. But the extent of the bias is usually unknown. It should 
be pointed out as well that cost shares are partly dependent on output prices 
themselves, since a part of agricultural output is used as inputs (seed and feed) 
in production. 

A key limitation in using equation (3) for measuring agricultural pro-
ductivity change is that we lack data on input cost shares for most countries. 
There is simply no internationally comparable information on input prices, 
especially for inputs that may not be widely exchanged in the market such as 
farm land and labor. Some studies have circumvented this problem by estimat-
ing a distance function, such as a Malmquist index, which measures produc-
tivity using data on output and input quantities alone (Coelli and Rao 2005). 
But this method is sensitive to aggregation issues as well as data quality (es-
pecially differences in agricultural land quality across countries) and can give 
unbelievably high or negative growth rates. To address this problem, I use the 
approach originally suggested by Avila and Evenson (2004). They constructed 
careful estimates of input cost shares for two large developing countries (India 
and Brazil) from agricultural census surveys and from these derived represen-
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tative cost shares for other developing countries. I extend this approach by as-
sembling cost-share estimates for seven additional countries (China, Indonesia, 
Mexico, South Africa, Japan, the United Kingdom, and the United States) and 
then assume that these cost shares are representative of agricultural produc-
tion for different groups of countries. For two global regions, Sub-Saharan Af-
rica and the former Soviet Union, in place of cost shares I use econometrically 
estimated production elasticities (with constant returns to scale imposed) as 
weights for input aggregation. I describe this more thoroughly in the section 
on “input cost shares.” 

To summarize, the theory underpinning the TFP productivity index as-
sumes that producers maximize profi ts so that the elasticity of output with re-
spect to each input is equal to its factor share. It also assumes that markets are in 
long-run competitive equilibrium (where technology exhibits constant returns to 
scale) so that total revenue equals total cost. If these conditions hold and the un-
derlying production function is Cobb-Douglas, then this index provides an exact 
representation of Hicks-neutral technical change.

 
2.2. Output and Input Data

To assess changes in agricultural productivity over time, I use FAO annual 
data on agricultural outputs and inputs from 1961 to 2007 and in some cases 
augment these data with updated or improved statistics from other sources. 

For output, FAO publishes data on production of crops and livestock and ag-
gregates these data into a production index using a common set of commodity 
prices from the 1999-2001 period and expresses the index in constant 2000 U.S. 
dollars. What is important for estimating output growth are the relative prices 
of these commodities (since this determines the weights on the commodity 
growth rates used for deriving the growth rate for total output). In relative terms, 
the 1999-2001 FAO commodity prices are fairly close to the “wheat equivalent” 
prices developed by Hayami and Ruttan (1985, pp. 453-454) in their seminal 
study on international agricultural productivity (the FAO relative prices have a 
correlation coeffi cient of 0.86 with the Hayami-Ruttan wheat-equivalent prices). 
The FAO index of real output excludes production of forages but includes crop 
production that may be used for animal feed. 

To disentangle long-run trends from short-run fl uctuations in output due to 
weather and other disturbances, I smooth the output series for each country us-
ing the Hodrick-Prescott fi lter setting λ=6.25 for annual data as recommended 
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by Ravn and Uhlig (2002). This fi lter is commonly used to remove short-run 
fl uctuations from macroeconomic time series in business cycle analysis. How-
ever, this process does not completely remove the effects of multiyear shocks 
such as war or a prolonged drought, so it is still necessary to evaluate observed 
changes in the rate of TFP growth with auxiliary information about extended 
periods of unusual weather or other disturbances. 

For agricultural inputs, FAO publishes data on cropland (rain-fed and ir-
rigated), permanent pasture, labor employed in agriculture, animal stocks, 
the number of tractors in use, and inorganic fertilizer consumption. I supple-
ment these data with better or more up-to-date data from national or indus-
try sources whenever available. For fertilizer consumption, the International 
Fertilizer Association has more up-to-date and more accurate statistics than 
does FAO on fertilizer consumption by country, except for small countries. For 
agricultural statistics on China, a relatively comprehensive dataset is available 
from the Economic Research Service (ERS 2009b), with original data coming 
from the National Bureau of Statistics of China (2006). For Brazil, I use results 
of the recently published 2006 Brazilian agricultural census (IPGE 2008), and 
for Indonesia, I compiled improved data on agricultural land and machinery 
use (Fuglie 2004, 2010). For Taiwan, I use statistics from the Council of Agri-
culture. Finally, since FAO reports data on countries that made up the former 
Soviet Union only from 1991 and onward, I extend the time series for each of 
the former Soviet Socialist Republics (SSRs) back to 1965 from Shend (1993). 
Also, since FAO labor force estimates for former SSRs and Eastern Europe are 
not reliable for the post-1991 years (Lerman et al. 2003; Swinnen, Dries, and 
Macours 2005), I use Eurostat data for the Baltic states and Eastern Europe, 
CISSTAT data for other former SSRs except Ukraine, and the International La-
bor Organization’s LABORSTA database for Ukraine for estimates of the size of 
the agricultural labor force since 1990.

Inputs are divided into fi ve categories. Farm labor is the total economically 
active adult population (males and females) in agriculture. Agricultural land is 
the area in permanent crops (perennials), annual crops, and permanent pasture. 
Cropland (permanent and annual crops) is further divided into rain-fed cropland 
and cropland equipped for irrigation. However, for agricultural cropland in Sub-
Saharan Africa I use total area harvested for all crops rather than the FAO series 
on arable land (see Fuglie 2009 for a discussion of why this series appears to be a 
better measure of agricultural land in this region). I also derive a quality-adjusted 
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measure of agricultural land that gives greater weight to irrigated cropland and less 
weight to permanent pasture in assessing agricultural land changes over time (see 
the next section on “land quality”). Livestock is the aggregate number of animals 
in “cattle equivalents” held in farm inventories and includes cattle, camels, water 
buffalos, horses and other equine species (asses, mules, and hinnies), small rumi-
nants (sheep and goats), pigs, and poultry species (chickens, ducks, and turkeys), 
with each species weighted by its relative size. The weights for aggregation based 
on Hayami and Ruttan (1985, p. 450) are as follows: 1.38 for camels, 1.25 for water 
buffalo and horses, 1.00 for cattle and other equine species, 0.25 for pigs, 0.13 for 
small ruminants, and 12.50 per 1,000 head of poultry. Fertilizer is the amount of 
major inorganic nutrients applied to agricultural land annually, measured as metric 
tons of N, P2O5, and K2O equivalents. Farm machinery is the number of riding trac-
tors in use. All of these series are available through 2007 except for farm machin-
ery, which ends in 2006. I estimate tractors in use for 2007 by taking the average 
rate of growth in this variable over 2003-2006, except for China, the United States, 
and Brazil for which these are from government statistical sources.

While these inputs account for the major part of total agricultural input us-
age, there are a few types of inputs for which complete country-level data are 
lacking, namely, use of chemical pesticides, seed, prepared animal feed, veteri-
nary pharmaceuticals, other farm machinery besides riding tractors, energy, 
and farm structures. However, data on many of these inputs are available for the 
nine country case studies I use for constructing the representative input cost 
shares. To account for these inputs, I assume that their growth rate is correlated 
with one of the fi ve input variables just described and include their cost with the 
related input. For example, services from capital in farm structures as well as ir-
rigation fees are included with the agricultural land cost share; the cost of chemi-
cal pesticide and seed is included with the fertilizer cost share; costs of animal 
feed and veterinary medicines are included in the livestock cost share, and other 
farm machinery and energy costs are included in the tractor cost share. So long 
as the growth rates for the observed inputs and their unobserved counterparts 
are similar, then the model captures the growth of these inputs in the aggregate 
input index. 

2.3. Land Quality
The FAOSTAT agricultural database provides time-series estimates of 

agricultural land by country and divides these estimates into cropland (ar-
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able and permanent crops) and permanent pasture. It also provides an esti-
mate of area equipped for irrigation. The productive capacity of land among 
these categories and across countries can be very different, however. For ex-
ample, some countries count vast expanses of semi-arid lands as permanent 
pastures even though these areas produce very limited agricultural output. 
Using such data for international comparisons of agricultural productivity 
can lead to serious distortions, such as signifi cantly biasing downward the 
econometric estimates of the production elasticity of agricultural land (Pe-
terson 1987; Craig, Pardey, and Roseboom 1997). In two recent studies of 
international agricultural productivity, Craig, Pardey, and Roseboom (1997) 
and Wiebe et al. (2003) took considerable effort to include in their regres-
sion models variables that could account for differences in land quality (such 
as indexes of average rainfall and soil type, the proportion of irrigated or 
pastureland in total agricultural land, and fi xed-effect models with regional 
or country dummies), and obtained estimates of production elasticities that 
were more in line with observed land cost shares.

In this study, because I estimate only productivity growth rather than pro-
ductivity levels, differences in land quality across countries is less problematic. 
The estimates depend only on changes in agricultural land and other input 
use within a country over time. However, a bias might arise if changes occur 
unevenly among land classes. For example, adding an acre of irrigated land 
would likely make a considerably larger contribution to output growth than 
adding an acre of rain-fed cropland or pasture and should therefore be given 
greater weight in measuring input changes. To account for differences in land 
type, I derive weights for irrigated cropland, rain-fed cropland, and permanent 
pastures based on their relative productivity and allow these weights to vary 
regionally. In order not to confound the land quality weights with productiv-
ity change itself, the weights are estimated using country-level data from the 
beginning of the period of study (i.e., I use average annual data from the 1961-
1965 period). I fi rst construct regional dummy variables (REGIONi, i=1,2,…5, 
representing developed and Former Soviet Union countries, Asia-Pacifi c, Latin 
America and the Caribbean, West Asia and North Africa, and Sub-Saharan Af-
rica), and then regress the log of agricultural land yield against the proportions 
of agricultural land in rain-fed cropland (RAINFED), permanent pasture (PAS-

TURE), and irrigated cropland (IRRIG). Including slope dummy variables allows 
the coeffi cients to vary among regions:
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The coeffi cient vectors α, β and γ provide the quality weights for aggregating 
the three land types into an aggregate land input index. Countries with a higher 
proportion of irrigated land are likely to have higher average land productiv-
ity, as will countries with more cropland relative to pastureland. The estimates 
of the parameters in equation (4) refl ect these differences and provide a ready 
means of weighting the relative qualities of these land classes. Because of the 
limited amount of irrigated cropland in some regions, the coeffi cient on IRRIG 
was held constant across all developing country regions.

The results of the regression in equation (4) are shown in Table 4.1. All the 
coeffi cients are statistically signifi cant and the variables explain about 75% of 
the cross-country variability in land productivity. The lower part of the table 
translates the estimated coeffi cients into average land productivities in dollars of 
output per hectare by land type. The results show that, on average, one hectare 
of irrigated land was more than twice as productive as rain-fed cropland, which 
in turn was 10-20 times as productive as permanent pasture, with some varia-
tion across regions. The results appear to give plausible weights for aggregating 
agricultural land across broad quality classes. In fact, this approach to account 
for land quality differences among countries is similar to one developed by Pe-
terson (1987). Peterson regressed average cropland values in U.S. states against 
the share of irrigated and unirrigated cropland and long-run average rainfall. He 
then applied these regression coeffi cients to data from other countries to derive 
an international land quality index. The advantage of my model is that it is based 
on international rather than U.S. land yield data and provides results for a larger 
set of countries. Moreover, what are important for the growth accounting exer-
cise are only the relative productivities, as these become the quality weights for 
aggregating land changes within a country.

The effects of this land quality adjustment are shown in Table 4.2. When 
summed by their raw values, total global agricultural land expanded by about 
10% between 1961 and 2007, with nearly all of this expansion occurring in 
developing countries. When adjusted for quality, “effective” agricultural land ex-
panded by two and a half times this rate. Globally, irrigated cropland expanded 
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Table 4.1. Estimation of land quality weights

Regression estimates    
Variable Coefficient Std. Error t Stat 
SSA*rainfed 6.840 0.299 22.868 
SSA*pasture 2.674 0.163 16.422 
ASIA-OCEANIA*rainfed 6.300 0.239 26.404 
ASIA-OCEANIA*pasture 3.427 0.367 9.333 
WANA*rainfed 7.024 0.582 12.069 
WANA*pasture 3.290 0.267 12.331 
LAC*rainfed 7.387 0.411 17.987 
LAC*pasture 3.873 0.270 14.329 
LDC*irrig 7.396 0.601 12.304 
DC*rainfed 7.087 0.280 25.291 
DC*pasture 4.725 0.329 14.362 
DC*irrig 7.850 1.072 7.325 

Note: All coefficients significant at the 1% level.  

Regression statistics    
Multiple R 0.875   
R Square 0.765   
Adjusted R Square 0.747   
Standard Error 0.752   
F-statistic 42.596   
Significance of F 0.000   
Observations 156   
Notes: Dependent variable: log of the average output per hectare of agricultural land (cropland and 
permanent pasture) during 1961-1965 where output is measured in 1,000s of constant US$ (using 
1999-2001 international average prices) according to the FAO value of agricultural output measure
SSA=Sub-Saharan Africa;  WANA=West Asia & North Africa; LAC=Latin America & Caribbean;
LDC=less developed countries; DC=developed countries. 
The intercept term was excluded from the regression above. To get a meaningful R-squared, an 
intercept term was included and one of the other variables dropped from the regression. 

Implied average productivities from the regression estimates 

 

Average Productivity of 
Agricultural Land during 

1961-65 ($/ha) 

Land Quality Weights 
Relative to Rain-Fed 

Cropland 

Region 
Rain-
fed  Irrigated Pasture 

Rain-
fed  Irrigated Pasture 

Developed countries 1,196 2,566 113 1.000 2.145 0.094 
Sub-Saharan Africa 935 1,629 14 1.000 1.743 0.016 
Asia-Oceania 544 1,629 31 1.000 2.993 0.057 
West Asia-North Africa 1,123 1,629 27 1.000 1.451 0.024 
Latin America & 

Caribbean 
1,614 1,629 48 1.000 1.009 0.030
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by 148 million hectares, and this accounted for virtually all of the change in 
“effective” agricultural land over this period. For the purpose of our TFP calcu-
lation, accounting for the changes in the quality of agricultural land over time 
should increase the growth rate in aggregate agricultural input and commensu-
rately reduce the estimated growth in TFP.

2.4. Input Cost Shares
To derive input cost shares or production elasticities, I draw upon other 

studies that reported relatively complete measurements of these items for select-
ed countries and then use these cost estimates as “representative” of agriculture 
in different regions of the world. In Table 4.3 I show the input cost shares from 
nine country studies (fi ve developing countries: China, India, Indonesia, Bra-
zil, and Mexico; and four developed countries: Japan, South Africa,1 the United 
Kingdom, and the United States) as well as econometric estimates of production 
elasticities for Sub-Saharan Africa and the former Soviet Union. Table 4.3 also 
shows the regions to which the various cost-share estimates were applied for 
constructing the aggregate input indexes. For instance, the estimates for Brazil 
were applied to South America, West Asia, and North Africa, and the estimates 
for India were applied to other countries in South Asia. These assignments 
were based on judgments about the resemblance among the agricultural sectors 
of these countries. Countries assigned to cost shares from India, for example, 
tended to be low-income countries using relatively few modern inputs. Countries 
assigned to the cost shares from Brazil tended to be middle-income countries 
having relatively large livestock sectors. 

While assigning cost shares to countries in this manner may seem fairly ar-
bitrary, an argument in favor is that there is some degree of congruence among 
the cost shares reported for the country studies shown in Table 4.3. For the 
developing-country cases (India, Indonesia, China, Brazil, Mexico, and Sub-
Saharan Africa), cost shares or production elasticities ranged from 0.31 to 0.46 
for labor, 0.22 to 0.29 for land, and 0.14 to 0.33 for livestock, while cost shares 
for fertilizer and machinery inputs were not more than 14% of total output in 

1I have classifi ed South Africa as a developed country despite the dualist structure of this coun-
try’s agriculture, which consists of a “modern” sector of commercial farms and a “peasant” sector 
of smallholder subsistence-oriented farms. Since 1960, smallholders’ share of cropland planted 
has never exceeded 17%, and, given their prevalence on marginal lands, they account for an even 
smaller share of agricultural output (Liebenberg, Pardey, and Kahn 2010). 
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any of the countries. There was a tendency for the labor cost share to fall and the 
fertilizer and machinery cost shares to rise with the level of agricultural develop-
ment, refl ecting embodiment of new technology in these inputs and substitution 
for labor. The nine countries and two regions for which direct estimates of cost 
shares or production elasticities are observed are also relatively large producers, 
together accounting for two-thirds of global agricultural output in 2005-2007, 
according to the FAO data.

2.5. Limitations
Some limitations of these calculations should be noted, given the nature of 

the data on which they are based. The fi rst limitation is that I only compute rates 
of change in TFP. TFP “levels” cannot be compared across countries with this 
method. A second limitation is that I do not make adjustments for input quality 
changes other than for land. A third limitation is that revenue and cost shares are 
held constant over time. However, an examination of the output data shows that 
for major commodity categories (cereal crops, oil crops, fruits and vegetables, 
meat, milk, etc.), the global output growth rates were similar over the 1961-2007 
period. On the input side there has been more movement in cost shares among 
the major categories, but these changes occur gradually over decades. Thus, the 
likelihood of major biases in productivity measurement over a decade or two is 
not large, although this does remain a potential source of bias for longer-term 
comparisons. The principal advantage of these TFP growth estimates, however, 
is that the calculations have a standardized quality. I use a common method, a 
common period of time, and a consistent set of defi nitions for determining ag-
gregate input and output for all countries. Moreover, I include 171 countries in 
the assessment, a nearly complete accounting of global agricultural production of 
crops and livestock.2 I assess growth in individual countries as well as regions, 
and while regional averages may mask differences in performance among the 

2For the purpose of estimating long-run productivity trends, I aggregate some national data 
to create consistent political units over time. For example, data from the nations that formerly 
constituted Yugoslavia were aggregated in order to make comparisons with productivity before 
Yugoslavia’s dissolution; data were aggregated similarly for Czechoslovakia and Ethiopia. Because 
some small island nations have incomplete or zero values for some agricultural data, I constructed 
three composite “countries” by aggregating available data for island states in the Lesser Antilles, 
Micronesia, and Polynesia, respectively. This also enables a more detailed examination of regional 
patterns of agricultural productivity growth. The only countries or regions not included in the 
analysis are the Palestinian Territories, Western Sahara, Greenland, Liechtenstein, Andorra, and a 
number of very small urban or island states and dependencies.
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countries within a region, the choice of aggregation into regions does not affect 
individual country results, unlike distance function measures. See Table 4.4 for a 
complete list of countries included in the analysis and their regional groupings. 

3. RESULTS
As a gauge of how well the described approach captures the main move-

ments in agricultural productivity, it is useful to compare results with those 
of country-level case studies that estimated agricultural TFP using Tornqvist-
Theil index methods. As a general rule the results of these country case studies 
should be viewed as superior because they (i) employ a richer set of country-
level data (especially using national rather than global prices), (ii) allow rev-
enue and cost shares to vary over time (rather than holding shares fi xed), 
and (iii) use a more disaggregated set of inputs or other means to control for 
changes in input quality over time. Table 4.5 compares the average annual 
growth rates in agricultural output, input, and TFP between eight country-lev-
el studies and the results found here, estimated over the same period of time. 
Figure 4.1 plots the TFP indexes from the referenced studies (solid line) and 
the present study (dashed line) for the six largest countries. In spite of the data 
and the methodological differences, my results conform remarkably well to the 
estimates reported in the country studies. For four of the eight countries there 
are no signifi cant differences in the growth estimates for agricultural output, 
input, or TFP. In another three cases (Brazil, Mexico, and China), my estimates 
of TFP growth were signifi cantly lower than those of the country studies. My 
results show slightly slower output growth and slightly faster input growth 
(neither signifi cantly different from the country studies), but the compounded 
effect of these differences caused the TFP growth rates to vary more than the 
critical value of a means difference test. Nevertheless, both my results and 
those of the country studies fi nd that the TFP growth of Brazil and China was 
in the “high” range and that of Mexico was in a mid-range relative to the global 
economy. Finally, for India my results show signifi cantly higher input growth, 
but output and TFP growth are very similar to the Tornqvist-Theil index esti-
mated for this country. The similarity of my results with those of the country 
studies strengthens my confi dence in the results for global agricultural produc-
tivity trends in what follows. 

Table 4.6 shows a set of productivity indicators for the global agricultural 
economy over the 1961-2007 period and by decade. Global indexes are derived 
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Figure 4.1. Comparison of agricultural TFP indexes (index equals 100 in 
initial year)
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by adding up output and input quantities to the global level and then con-
structing a new set of cost shares for aggregating inputs. The cost shares are the 
weighted average of each country’s cost share (weighted by the country’s global 
share in total cost or revenue). The agricultural output, input, and TFP growth 
estimates in Table 4.6 are derived using “raw” data—without the agricultural 
land quality adjustment or the output series fi ltered to reduce annual devia-
tions from trends. Thus, these estimates are more easily comparable with other 
studies. I also show the average growth rates for output per worker, output per 
unit of agricultural land, and the average rate of yield increase in cereal grains 
(corn, rice, and wheat). The estimates show that global agricultural output grew 
at 2.8% per year in the 1960s and then maintained a fairly steady growth rate of 
slightly over 2% per year each decade since 1970. Over time, an increasing share 
of output growth was due to improvements in TFP rather than input accumula-
tion. Input growth slowed signifi cantly, from over 2.3% per year in the 1960s to 
only 0.74% per year during 2000-07 (and even lower in the 1990s when agricul-
tural severely contracted in the transition economies of the former Soviet Union 
and Eastern Europe). Improvements in TFP kept global output growth steady as 
the rate of input accumulation fell. 

Average Annual 
Growth Rate by 
Period (%) Output Input TFP 

Output 
per 

Worker 

Output 
per 

Hectare 

Grain 
Yield 
(t/ha) 

1961-1969 2.81 2.31 0.49 0.96 2.39 2.84 

1970-1979 2.23 1.60 0.63 1.46 2.21 2.62 

1980-1989 2.13 1.21 0.92 0.97 1.72 2.00 

1990-1999 2.01 0.47 1.54 1.15 1.74 1.61 

2000-2007 2.08 0.74 1.34 1.72 2.10 1.01 
    
1970-1989 2.18 1.40 0.77 1.22 1.97 2.31 

1990-2007 2.04 0.59 1.45 1.40 1.90 1.35 
    
1961-2007 2.23 1.24 0.99 1.25 2.01 2.02 

Sources: FAOSTAT and author’s calculations.
Notes: Output per worker: FAO gross output index divided by number of persons working 
in agriculture. Output per hectare: FAO gross output index divided by total arable land and 
permanent pasture. Grain yield: Global production of maize, rice and wheat divided by area 
harvested of these crops. Total agricultural output is unfi ltered and land input is not adjusted 
for quality.

Table 4.6. Productivity indicators for world agriculture
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The partial productivity indexes in Table 4.6 show continued growth over time 
but mixed trends in the rates of growth. Average output per worker rose by 1.25% 
per year and output per hectare by just over 2% per year over the entire 1961-2007 
period. Note that growth in TFP is generally lower than growth in both land pro-
ductivity and labor productivity. This refl ects an intensifi cation of capital improve-
ments and material inputs in agriculture, which contribute to growth of the partial 
productivity indicators but are removed from growth in TFP. While there is no 
clear evidence of a productivity slowdown in either of these indicators, and espe-
cially not since 1980, there is a clear decline in the rate of increase in cereal yield, 
as has been noted by others (see Chapter 3 in this volume). What the evidence in 
Table 4.6 suggests is that the decline in growth in cereal yields has been offset by 
productivity improvements elsewhere—in other crops and in livestock—so that 
productivity growth in the total agricultural economy has not suffered overall.

Figure 4.2 plots the sources of agricultural growth by decade, showing the 
contribution of TFP and each of the fi ve input categories (land, labor, livestock 

Figure 4.2. Sources of growth in global agriculture

Source: Author’s estimates.
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capital, machinery capital, and material inputs) by decade. In this fi gure, land 
is quality adjusted and the output trend has been fi ltered (but the fi ltering has 
a negligible effect on average global growth rates). Growth in material inputs, 
especially in fertilizers, was a leading source of agricultural growth in the 1960s 
and 1970s, when green revolution cereal crop varieties became widely available 
in developing countries. Fertilizer use also expanded considerably in the Soviet 
Union during these decades, where they were heavily subsidized. The long-run 
pattern shows that growth in agricultural production inputs gradually slowed, 
however, and the rate of increase in TFP accelerated to maintain real output 
growth at about 2% per annum. The exceptionally low rate of capital formation 
in global agriculture during the 1990s was due primarily to the rapid withdrawal 
of resources from agriculture in the countries of the former Soviet block. But 
many of the inputs used in these countries were apparently not effi ciently ap-
plied, as their withdrawal signifi cantly increased the average productivity of re-
sources remaining in agriculture, evidenced by the high TFP growth rate in this 
decade. By 2000 agricultural resources in this region had stabilized and there 
was a recovery in the rate of global input growth compared with the 1990s. 

The estimates of global agricultural output and TFP growth are disaggregat-
ed among regions and sub-regions in Table 4.7 (see Table 4.4 for the list of coun-
tries assigned to each region).3 The regional results reveal that the global trend is 
hardly uniform, with three general patterns evident.

1. In developed countries, resources were being withdrawn from agricul-
ture at an increasing rate; TFP continued to rise but the rate of growth in 
2000-07 was under 0.9% per year, the slowest of any decade since 1961. 

2.  In developing regions, productivity growth accelerated in the 1980s and 
the decades following. Input growth steadily slowed but was still posi-
tive. Two large developing countries in particular, China and Brazil, have 
sustained exceptionally high TFP growth rates since the 1980s. Several 
other developing regions also registered robust TFP growth. The major 
exceptions were the developing countries of Sub-Saharan Africa, West 
Asia, Oceania, and the Caribbean. 

3Annual indexes of TFP growth were estimated for each country for the entire 1961-2007 period 
(except for countries that made up the former Soviet Union, for which TFP indexes were esti-
mated only for 1965-2007). Due to space limitations, Table 4.6 only reports averages by decade 
by region. Note that the growth rate in inputs can be derived simply by taking the difference 
between the output and TFP growth rates. Country-specifi c results are available from the author 
upon request.
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3.  The dissolution of the Soviet Union in 1991 imparted a major shock to 
agriculture in the countries of the former Soviet block. In the 1990s, 
agricultural resources sharply contracted and output fell signifi cantly. 
However, by 2000, agricultural resources had stabilized and growth re-
sumed, led entirely by productivity gains in the sector.

The strong and sustained productivity growth described here for a number 
of important developing countries, such as Brazil and China, is broadly consis-
tent with results from other studies. Brazil is reaping the benefi ts from a strong 
agricultural research system and, since the mid-1990s, macroeconomic stabil-
ity (Avila 2007). Using the Tornqvist-Theil index method, Gasquez, Bastos, and 
Bacchi (2008) estimated average annual agricultural TFP growth in Brazil to 
have averaged 3.26% over 1975-2008, even higher than my estimate of 2.80%, 
and both studies show an acceleration of TFP growth over time. China has had 
success since 1978 with both institutional reform and technological change 
(Rozelle and Swinnen 2004). Fan and Zhang (2002) estimated average annual 
Tornqvist-Theil TFP growth for Chinese agriculture at 2.6% during 1961-1997 
with relatively slow growth until 1980, after which TFP rapidly accelerated. The 
present study also shows an accelerating pace to TFP growth in China, although 
at a lower average rate. My lower estimates of TFP growth could refl ect an “index 
number bias” from the use of fi xed factor and revenue shares in countries under-
going rapid structural and technological change.

A fair number of mid-size countries also recorded respectable levels of agri-
cultural productivity growth, according to my estimates. Peru, Malaysia, Chile, 
South Africa, Iran, Mexico, Vietnam, Russia, Kazakhstan, and Uzbekistan all 
achieved average agricultural TFP growth rates of at least 2.5% per year during 
1990-2007. However, with few exceptions, developing countries in Sub-Saharan 
Africa,4 West Asia, the Caribbean, and Oceania continued to rely on resource-
led agricultural growth rather than productivity, and as a consequence their 
agricultural sectors have performed poorly. Using the TFP estimates reported 
here, Evenson and Fuglie (2010) found TFP performance in developing-country 
agriculture to be strongly correlated with national investments in “technology 
capital,” which they defi ned by indicators of a country’s ability to develop and 

4The estimates in Table 4.6 suggest Nigeria in Sub-Saharan Africa is also a leader in agricultural 
productivity growth, achieving average TFP growth over 2.5% since 1990. However, my recent 
assessment (Fuglie 2009) of agricultural productivity performance in this region casts doubt on 
this fi nding for Nigeria and uncovers serious data discrepancies. 
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extend improved agricultural technology to farmers. Countries that had failed to 
establish adequate agricultural research and extension institutions and extend 
basic education to rural areas were stuck in low-productive agriculture and were 
falling further behind the rest of the world. 

4. CONCLUSION
Contrary to some other authors, I fi nd no evidence of a general slowdown 

in sector-wide agricultural productivity, at least through 2007. If anything, 
the growth rate in agricultural TFP accelerated in recent decades, in no small 
part because of rapid productivity gains in several developing countries, led 
by Brazil and China, and more recently to a recovery of agricultural growth 
in the countries of the former Soviet bloc. However, the results do show clear 
evidence of a slowdown in the growth in agricultural investment: the global 
agricultural resource base is still expanding but at a much slower rate than in 
the past. These two trends—accelerating TFP growth and decelerating input 
growth—have largely offset each other to keep the real output of global agri-
culture growing at slightly more than 2% per year since the 1970s. This fi nd-
ing has important implications for the appropriate supply-side policy response 
to the recent rise in real agricultural prices. 

One implication is that we should be optimistic about the prospects for 
global agriculture to respond to the recent commodity price rises by increasing 
supply in the short run. If TFP were slowing down, it would likely take several 
years for policy responses to infl uence this trend. The principal policy lever to 
increase TFP growth is to increase spending on agricultural research, but there 
are long time lags between research investments and productivity growth. But 
the main trend identifi ed in this chapter is a slowdown in the rate of growth in 
agricultural capital formation. This is at least in part a consequence of a long 
period of unfavorable prices facing producers, who found better opportunities 
for their capital outside of agriculture. It was also in part a consequence of the 
institutional changes in the countries of the former Soviet block that precipi-
tated a rapid exit of resources from agriculture in the 1990s. The incentives af-
forded by the current high commodity prices and a resumption of agricultural 
growth in the former Soviet countries should positively affect the rate of agri-
cultural capital formation at the global level. So long as TFP growth continues 
at its recent historical pace, this should lead to an increased rate of real output 
growth in global agriculture in a relatively short period of time. 
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Despite this generally optimistic conclusion, it is also clear that agricul-
tural productivity growth has been very uneven. The evidence in this chapter 
suggests TFP growth may in fact be slowing in developed countries while ac-
celerating in developing countries. This is in marked contrast to the early fi nd-
ings of Hayami and Ruttan (1985) and Craig, Pardey, and Roseboom (1997), 
which found developing countries to be falling further behind developed 
countries in agricultural land and labor productivity. Nonetheless, it remains 
true that many developing countries have not been able to achieve or sustain 
productivity growth in agriculture and as a consequence suffer from low levels 
of rural welfare and food security. This has not contributed to a slowdown in 
global TFP growth of the sector because their growth rates were never high 
to begin with. But this certainly has led to agriculture performing below its 
potential and has kept these countries poor. The largest group of countries in 
this low-growth category is in Sub-Saharan Africa, but also included are many 
countries in West Asia, the Caribbean, and Oceania as well as some others. 

There is also evidence that agricultural productivity growth has been un-
even across commodities. However, our ability to assess productivity growth 
at the commodity level is limited mainly to examining land yield trends since 
labor and capital inputs tend to be shared across multiple commodities in the 
production process. Thus, the slowing growth in cereal grain yield that was 
identifi ed in the World Bank Development Report 2008 (World Bank 2007) does 
raise concerns that there is underinvestment (or low returns) to research di-
rected at these commodities. But even here the picture is uneven, as decompos-
ing cereal yield trends reveal that the slowdown affected primarily wheat and 
rice yields, with corn yield growth continuing to perform well after 1990. It is 
possible that the relatively strong performance in corn yield growth is due to 
the historically higher level of investment in research and development (R&D) 
for this crop because of the strong private-sector interest in breeding for hybrid 
corn (Fuglie et al. 1996). In any case, the implication for R&D policy is quite 
different than if a sector-wide productivity slowdown were occurring. Rather 
than comprehensive changes to agricultur al R&D or investment policies, the 
uneven performance within the agricultural sector suggests a more selective 
approach that requires a clear understanding of the causes of low productivity 
growth in particular commodities and countries. 
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