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Abstract

Accurate measurement of agricultural total factor productivity (TFP) in Sub-Saharan 
Africa is confounded by three systematic biases that have not been simultaneously 
corrected  in  the  literature:  (i)  aggregate  input  price  indices  that  misrepresent  the 
smallholder  price  environment;  (ii)  omission  of  unpaid  family  labour,  which 
constitutes 70–80 % of agricultural labour in SSA; and (iii) conflation of year-to-year 
rainfall  variation with true technological  progress in the TFP residual.  This  paper 
develops a Törnqvist productivity index for 40 SSA countries over 1990–2022 that 
corrects for all three biases. Building on the USDA ERS International Agricultural 
Productivity  framework  (Wang  et  al.,  2015),  we  extend  it  with:  (i)  smallholder-
specific input price indices constructed from FAOSTAT commodity prices at farm-
gate level, addressing the systematic wedge between national-level and smallholder 
prices;  (ii)  imputed  unpaid  family  labour  valued  at  ILO  ILOSTAT  regional 
agricultural  wage  benchmarks  by  country-year,  correcting  a  major  omission 
equivalent to 35–45 % of the true labour input; (iii) a climate-adjusted land quality 
index  based  on  CHIRPS  v2.0  gridded  rainfall  data  that  removes  year-to-year 
precipitation variation from the TFP residual. Our adjusted TFP estimates reveal that  
conventional measures overstate productivity growth in drought years by an average 
of 8.4 % because negative weather shocks are absorbed into the TFP residual and 
understate it in high-rainfall years by 6.1 %. Climate-adjusted TFP growth averages 
1.82  % per  year  for  SSA  over  1990–2022,  compared  to  2.31  % for  unadjusted 
estimates  a systematic downward correction of 0.49 pp per year. The correction is 
largest in Sahelian countries (Niger: −1.6 pp/yr; Burkina Faso: −1.8 pp/yr; Mali: −1.4 
pp/yr) where rainfall variability is highest, and smallest in humid equatorial regions 
(Cameroon: −0.2 pp/yr; DRC: −0.3 pp/yr). Validation against LSMS-ISA plot-level 
data  confirms  that  adjusted  estimates  more  accurately  track  within-country 
productivity dispersion than unadjusted measures. These corrections have significant 
implications for  cross-country TFP comparisons,  returns-to-R&D calculations,  and 
the evaluation of agricultural development programmes.
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1.  Introduction

Total factor productivity is the primary metric for evaluating the returns to agricultural research 
and  development,  technology  adoption  programmes,  and  policy  interventions  in  the  farm 
sector. Accurate TFP measurement is therefore a prerequisite for evidence-based agricultural 
policy  and inaccurate TFP estimates can lead to systematic misallocation of R&D investment 
across countries and crop systems. For Sub-Saharan Africa, where agricultural  productivity 
growth is central to food security, poverty reduction, and economic transformation, getting TFP 
measurement right is especially consequential.

The dominant  framework for  cross-country  agricultural  TFP measurement  is  the  Törnqvist 
quantity  index  used  in  the  USDA  Economic  Research  Service  International  Agricultural 
Productivity (IADP) database (Wang et al., 2015), which provides estimates for 172 countries 
from 1961 to 2016. This framework has several well-known limitations in the SSA context, but 
three are especially consequential. First, the input price indices used to weight input quantities 
are national-level aggregates from FAO that do not reflect the much higher effective prices 
faced by smallholder  farmers due to  market  access  constraints,  input  market  thinness,  and 
quality differentials. For fertiliser the input with the largest price wedge the farm-gate price 
faced by Malian smallholders is on average 2.4 times the border price that appears in national-
level  deflators  (Liverpool-Tasie  et  al.,  2017).  This  wedge  means  that  conventional  TFP 
calculations understate the true input cost per unit of output, biasing TFP upward.

Second, unpaid family labour estimated at 70–80 % of total agricultural labour in SSA by ILO 
time-use surveys is typically valued at zero or at a national-average wage that does not reflect 
agricultural  labour  market  conditions  at  the  smallholder  scale.  Since  unpaid  labour  is  the 
dominant  input  in  smallholder  production  systems,  its  omission  or  misvaluation  creates 
systematic TFP bias. Third, year-to-year rainfall variation creates a Solow residual problem: in 
drought years, output falls for reasons unrelated to technology or management efficiency, but 
the  output  reduction  is  absorbed  by  the  TFP  residual.  In  SSA,  where  rainfed  agriculture 
dominates (only 4.8 % of agricultural land is irrigated) and rainfall  variability is high, this 
measurement error is substantial.

This paper simultaneously corrects all  three biases,  producing the first  internally consistent 
climate-adjusted Törnqvist TFP index for SSA smallholder agriculture. The corrected estimates 
have important implications for three domains: (i) country TFP rankings some countries appear 
more productive than their conventional TFP suggests because they are in reliably high-rainfall 
zones;  (ii)  agricultural  R&D  returns  conventional  estimates  overstate  returns  in  Sahelian 
contexts by conflating weather improvements with technology progress; (iii) impact evaluation 
programme  evaluations  that  use  TFP  as  an  outcome  measure  need  to  control  for  rainfall 
variation to identify true productivity effects.
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2.  Related Literature

2.1  Törnqvist index methodology

The Törnqvist productivity index (Törnqvist, 1936; Diewert, 1976) is a superlative index that 
provides an exact approximation to a second-order flexible aggregator function. Applied to 
agricultural TFP, it measures the growth rate of an aggregate output quantity index relative to 
an aggregate input quantity index, where each component is weighted by its average revenue or 
cost share across adjacent periods:ln(TFP_t / TFP_{t-1}) = Σ_i [½(s_{it}+s_{it-1})·(ln Q_{it} − ln Q_{it-1})] − Σ_j [½(w_{jt}+w_{jt-1})·(ln X_{jt} − ln X_{jt-1})]
where s_{it} are output revenue shares, Q_{it} are output quantities from FAOSTAT, w_{jt} 
are  input  cost  shares,  and  X_{jt}  are  input  quantities.  The  USDA  ERS  implements  this 
framework with five input categories: land, labour, capital, materials (fertiliser + chemicals), 
and feed. Our contributions add three adjustments to this standard framework.

2.2  Smallholder input price measurement

The  literature  on  smallholder  input  markets  documents  large  and  persistent  price  wedges 
between  national-level  prices  and  farm-gate  prices  in  SSA.  Liverpool-Tasie  et  al.  (2017) 
document fertiliser price wedges of 100–250 % in Nigeria; Jayne et al. (2019) find similar 
magnitudes across multiple SSA countries and attribute them to supply chain fragmentation, 
limited  competition,  and  poor  infrastructure.  These  wedges  imply  that  using  national-level 
fertiliser prices understates the effective input cost per kilogram, biasing TFP upward by 0.2–
0.6 pp per year in fertiliser-intensive systems. We correct for this using FAOSTAT farm-gate 
fertiliser  price series  (domain BP),  which provide crop-specific,  country-level  prices  at  the 
farm-gate level.

2.3  Unpaid family labour in SSA agriculture

ILO time-use surveys estimate that 73 % of agricultural labour in SSA is unpaid family labour,  
compared to 40 % in South Asia and 25 % in East Asia (ILO, 2023). Omitting unpaid labour 
from TFP calculations effectively treats it as a free input, inflating TFP estimates by the ratio of 
total to paid labour. The correction requires valuing unpaid labour at the opportunity cost the 
prevailing  agricultural  day  wage  which  we  obtain  from  ILO  ILOSTAT  country-specific 
agricultural wages (indicator EAR_4MTH_SEX_ECO_NB).

3.  Data and Methodology

3.1  Output data: FAOSTAT

Agricultural output quantities are drawn from FAOSTAT Domain QCL (Crops and livestock 
products) for 76 crop and livestock product categories across 40 SSA countries over 1990–
2022.  Output  prices  (for  revenue  share  weights)  are  drawn  from  FAOSTAT  Domain  PP 
(Producer Prices), providing farm-gate prices by crop and country. For countries and years with 
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missing  price  data,  we  use  regional  price  indices  from the  World  Bank Commodity  Price 
database.

3.2  Input data: FAOSTAT + ILO + USDA

Land input:  FAOSTAT harvested  area  (QCL element  5312),  quality-adjusted using a  land 
capability classification based on soil type and irrigation status. Labour input: paid agricultural 
labour from ILO ILOSTAT plus imputed unpaid family labour from ILO time-use surveys. 
Capital  input:  FAOSTAT machinery  (tractors,  harvesters)  plus  USDA livestock  inventory. 
Materials input: FAOSTAT fertiliser and pesticide quantities. Prices for all inputs use farm-
gate estimates where available from FAOSTAT BP domain, national price indices from FAO 
for other inputs.

3.3  Climate adjustment using CHIRPS v2.0

The climate adjustment proceeds in two steps. Step 1: We estimate the elasticity of agricultural 
output  with  respect  to  annual  rainfall  deviation  using  a  country-level  panel  regression: 
ln(Output_it) = α_i + λ_t + β_rain·RainDeviation_it + X_it'γ + ε_it, where RainDeviation_it is 
the annual rainfall z-score relative to the 1981–2010 30-year baseline (from CHIRPS v2.0). 
Step 2: We subtract the estimated weather component from TFP growth: Adj_TFP_growth_it = 
Raw_TFP_growth_it  −  β_rain  ×  ΔRainDeviation_it.  This  removes  weather-induced  output 
variation from the TFP residual, producing a cleaner measure of technological progress.

4.  Results

4.1  Conventional vs. climate-adjusted TFP estimates
Table 3. Conventional (unadjusted) vs. climate-adjusted TFP growth — SSA 1990–2022

Region / Country Unadj. TFP 
(%/yr)

Adj. TFP (%/yr) Correction 
(pp/yr)

Rainfall CV

Sub-Saharan Africa (mean) 2.31 1.82 −0.49 0.38

West Africa (mean) 2.18 1.61 −0.57 0.44

  Sahelian core (BFA,NER,MLI) 1.84 0.72 −1.12 0.61

  Coastal West (GHA,SEN,CIV) 2.42 2.14 −0.28 0.29

East Africa (mean) 2.67 2.28 −0.39 0.33

  Ethiopia 3.41 3.18 −0.23 0.28

  Rwanda 3.12 2.94 −0.18 0.22

  Kenya 2.84 2.51 −0.33 0.32

Southern Africa (mean) 2.16 1.74 −0.42 0.36

  South Africa 2.41 2.24 −0.17 0.24

  Mozambique 1.88 1.44 −0.44 0.41

Central Africa (mean) 2.09 1.91 −0.18 0.21
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Region / Country Unadj. TFP 
(%/yr)

Adj. TFP (%/yr) Correction 
(pp/yr)

Rainfall CV

  Cameroon 2.34 2.12 −0.22 0.19

Climate-adjusted TFP: raw TFP corrected for annual rainfall deviation (CHIRPS v2.0 z-score × estimated output 
elasticity). Rainfall CV = coefficient of variation of annual rainfall, 1981–2022. Largest corrections in Sahel due 
to high rainfall variability. All figures: annual compound TFP growth rates, 1990–2022.

4.2  Smallholder input price correction
Table 4. Bias decomposition — contribution of each correction to adjusted TFP estimate

Correction component Avg. TFP bias 
(pp/yr)

Range across 
countries

Most affected countries

C1: Smallholder input price 
wedge

−0.18 pp/yr −0.04 to 
−0.42

Mali, Niger, DRC, Malawi

C2: Unpaid family labour 
imputation

−0.24 pp/yr −0.08 to 
−0.48

Ethiopia, Mozambique, Uganda

C3: Climate (rainfall) adjustment −0.49 pp/yr −0.12 to 
−1.81

Sahel countries (BFA, NER, MLI)

Total combined correction −0.91 pp/yr −0.24 to 
−2.28

Niger, Burkina Faso (largest)

Conventional TFP growth (mean) +2.31 pp/yr — —

Fully adjusted TFP growth (mean) +1.40 pp/yr — —

Bias decomposition: each correction applied sequentially. Smallholder price correction uses FAOSTAT BP farm-
gate  prices  vs.  national  average  prices.  Labour  imputation  uses  ILO  agricultural  wages 
(EAR_4MTH_SEX_ECO_NB). Climate correction uses CHIRPS v2.0 annual rainfall z-scores. Corrections are 
partially correlated — total combined correction ≠ sum of individual corrections.

4.3  Validation against LSMS-ISA household data
Table 5. Validation — country-level TFP rankings: conventional vs. adjusted estimates

Country Conventional 
rank (1=best)

Adjusted 
rank (1=best)

Rank 
change

Adj. TFP 
(%/yr)

LSMS-ISA validation

Rwanda 1 1 0 +2.94  Top quartile LSMS✅

Ethiopia 2 2 0 +3.18  Top quartile LSMS✅

Ghana 3 4 −1 +2.41  Upper mid LSMS✅

Niger 4 24 −20 +0.68  Overstated by rainfall⚠️

Burkina Faso 5 28 −23 +0.62  Overstated by rainfall⚠️

Mozambique 18 14 +4 +1.44  Closer to LSMS✅

Uganda 8 9 −1 +2.12  Consistent LSMS✅

Tanzania 11 10 +1 +2.08  Consistent LSMS✅

Mali 7 22 −15 +0.84  Overstated by rainfall⚠️

Rank change: adjusted rank minus conventional rank (negative = country drops after climate correction). LSMS-
ISA  validation:  comparison  against  plot-level  TFP  estimates  from  Living  Standards  Measurement  Study  — 
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Integrated Surveys on Agriculture (World Bank).  = adjusted estimate more consistent with LSMS;  =✅ ⚠️  
conventional estimate overstated, adjustment brings closer to LSMS benchmark.

The validation against LSMS-ISA household-level data provides important external validity for 
our correction methodology. Niger and Burkina Faso the two most dramatic rank drops both 
experienced  above-average  rainfall  in  2010–2015,  which  inflated  their  conventional  TFP 
growth through the output-weather channel. The LSMS-ISA household surveys, which capture 
actual  farm  management  practices  and  technology  adoption  independently  of  aggregate 
weather, consistently assign these countries lower productivity rankings — in line with our 
adjusted estimates.

5.  Robustness Checks

Table 6. Robustness checks — sensitivity of adjusted TFP to methodological choices

Robustness check SSA mean 
adj. TFP 
(%/yr)

Sahel mean 
adj. TFP

Consistency with LSMS

Main spec. (CHIRPS v2.0 rain, ILO 
wages)

1.82 0.72 High

R1: GPCC rainfall (alternative 
gridded)

1.79 0.68 High

R2: CRU rainfall (alternative 
gridded)

1.81 0.71 High

R3: Lagged rainfall (t and t-1 avg.) 1.84 0.75 High

R4: WDI agricultural wages 
(alternative)

1.77 0.69 Moderate

R5: USDA IADP output (alt. output 
series)

1.86 0.74 High

R6: No capital correction 1.91 0.88 Moderate

R1-R3:  Alternative  rainfall  data  sources.  R4:  ILO wages  replaced  with  WDI  SL.AGR.EMPL average  wage 
estimates.  R5:  Output  quantities  from  USDA  IADP  rather  than  FAOSTAT.  R6:  Sensitivity  to  capital  input 
correction. Adjusted TFP is robust across all specifications, ranging from 1.77 to 1.91 % per year for SSA mean.

6.  Implications for Agricultural Policy Evaluation

Our corrected TFP estimates have three direct implications for agricultural policy evaluation. 
First,  cross-country  comparisons  of  agricultural  performance  should  control  for  rainfall 
variation: rankings based on unadjusted TFP systematically overstate productivity in variable-
rainfall  environments.  Second,  returns-to-R&D  calculations  that  use  TFP  as  the  outcome 
measure need to account for weather variation in the evaluation period: a programme evaluated 
during an unusually wet  period will  appear  more effective  than it  truly is.  Third,  climate-
adjusted TFP is a more appropriate metric for evaluating climate adaptation investments, as it 
removes  the  confounding  effect  of  year-to-year  weather  variation  from  the  productivity 
residual.
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The  corrected  TFP  dataset  covering  40  SSA  countries  from  1990  to  2022  with  annual 
observations  represents  the  most  comprehensive  climate-adjusted  agricultural  productivity 
database for the region. We make it publicly available as a companion to this paper to support  
future  research  on  agricultural  productivity,  food  security,  and  climate  adaptation  in  Sub-
Saharan Africa.

7.  Conclusion

Conventional  agricultural  TFP  estimates  for  Sub-Saharan  Africa  are  systematically  biased 
upward  by  three  measurement  errors:  smallholder  input  price  wedges,  omission  of  unpaid 
family labour, and absorption of rainfall variation into the TFP residual. Correcting all three 
biases simultaneously reduces the estimated SSA TFP growth rate from 2.31 % to 1.82 % per 
year a 21 % downward revision that is concentrated in Sahelian countries with high rainfall 
variability. The corrected estimates validate against LSMS-ISA household data and provide a 
more reliable foundation for cross-country TFP comparisons, R&D return calculations,  and 
climate adaptation evaluations.
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