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ABSTRACT
Prior research analyzes the economic effects of Voluntary Sustainability Standards (VSS)—such as Fairtrade, Organic, and 
GlobalGAP—but little is known about the stability of these effects over time. Using a nationally representative farm survey of 
Peru (2015–2019), this study analyzes whether VSS certification is associated with reduced inter-annual price and yield volatility. 
Applying pooled OLS, matching, and internal instruments, we find that certification is associated with 27% lower price volatility 
and 17% lower yield volatility, particularly benefiting family farms, translating into an 81% reduction in their net farm revenue 
volatility. The results highlight VSS' potential to enhance revenue stability.
JEL Classification: C21, C26, C86, L11, L15, O54, Q02, Q11, Q13

1   |   Introduction

The agri-food system faces numerous sustainability challenges 
that are increasingly difficult to address amidst rising price and 
yield uncertainty, exacerbated by climate change, the COVID-19 
pandemic, and geopolitical instability (Diaz-Bonilla et al. 2023). 
Recent events, such as the 2022 Ukraine conflict, have revived 
concerns about food price spikes and unstable agricultural 
yields, reminiscent of the food crises of 2007–2008 and 2010–
2011 (Goyal et al. 2024; Legrand 2023). While rising food prices 
dominated public and media discourse, political responses pri-
oritized limiting price volatility, as reflected in SDG target 2.c 
(United Nations General Assembly  2015). Price volatility can 
have negative repercussions for producers and consumers, es-
pecially in globalized markets1: it can undermine producers' 
ability to plan and invest, thereby affecting revenue volatility, 
while also constraining consumers' capacity to ensure food se-
curity, especially in low- and middle-income countries (FAO 
et al. 2011; HLPE 2011). Similarly, yield volatility impairs farm-
ers' capacity to plan production, invest in innovation, and man-
age risks, thereby hindering agricultural resilience (SDG target 

2.4) and contributing to fluctuations in farm income and rural 
livelihoods (Reckling et al. 2021; Seufert and Ramankutty 2017; 
FAO et  al.  2011; HLPE  2011). Understanding price, yield, and 
revenue volatility is therefore central to policy and industry 
strategies aimed at sustaining food production and food secu-
rity under increasing economic and environmental uncertainty 
(Barrett et al. 2021).

Against this backdrop, various initiatives such as Voluntary 
Sustainability Standards (VSS) may mitigate volatility in 
agri-food systems, either directly or indirectly. VSS, such as 
Fairtrade,2 Organic, and GlobalGAP, have become prominent 
market-based instruments to address sustainability challenges 
in the agri-food system. Certified production now covers ap-
proximately 10% of global cropland for the seven main certified 
commodities (cocoa, coffee, banana, palm oil, soy, sugarcane, 
and tea) (Kemper et al. 2025). While only a few VSS explicitly 
target price, yield, or revenue stability, many may influence 
volatility indirectly through their effects on market access, 
production practices, and trade relationships. Impact studies 
on VSS largely focus on level effects, such as average prices and 
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yields (Oya et al. 2018; Traldi 2021; Meemken 2020). However, 
the question of whether certification also stabilizes prices and 
yields over time remains largely unanswered.

This study addresses this gap and provides empirical evidence 
on (i) the association between VSS and inter-annual producer 
price and yield volatility, (ii) how this links to volatility in net 
farm revenue, and (iii) how this relation varies across produc-
ers, VSS, and crops. We rely on nationally representative farm-
household survey data from Peru, covering all years from 2015 
to 2019. We calculate volatility as the coefficient of variation 
(CV) over the certified and non-certified periods to account 
for level differences across crops and certification status. Peru 
is an interesting case study due to its large geographic size, 
agro-diversity, and rapid expansion of certification coverage 
over the past decade, certifying between 37% and 89% of coffee 
production area and 5%–12% of banana production area in 2019 
(Kemper et al. 2025). Additionally, Peru has witnessed consid-
erable price and yield fluctuations over the 2015–2019 study 
period due to extreme weather events, such as the El Niño phe-
nomenon in 2017, heightened political uncertainty since 2016, 
and global price fluctuations for key export commodities (World 
Food Programme 2025; Oxford Business Group 2019; Carranza 
and Gallo Gold 2019).

This paper contributes to the current literature on VSS by pro-
viding the first empirical study that examines the association 
between VSS and price volatility using producer-level data, 
as well as the link between VSS and yield volatility in Peru. 
Methodologically, we employ nationally representative longi-
tudinal data and pooled OLS, matching methods, and internal 
instrument methods, strengthening both external and internal 
validity. Additionally, we explore heterogeneous effects among 
producer types and associated VSS and crops—a dimension often 
overlooked in VSS research, yet critical given the diversity of cer-
tified value chain structures (Lee et  al.  2012; Meemken  2021). 
We find that VSS certification is associated with statistically and 
economically meaningful reductions in price and yield volatili-
ty—a reduction of 0.11 or 27% in the price CV, and a 0.06 or 17% 
reduction in the yield CV—with heterogeneity across producer 
types, VSS, and crops. These reductions translate into more sta-
ble net farm revenues for family farms only—a reduction of 2.58 
or 0.81% in the CV of revenue—highlighting a relevant channel 
through which VSS may contribute to economic stability. Overall, 
the findings offer new evidence on the association between VSS 
and both price and yield volatility, which complements existing 
evidence on the implications of VSS for price and yield levels, 
and supports policy efforts to enhance economic performance 
and stability.

2   |   Background

2.1   |   Literature Review

A well-established body of empirical research assesses the ef-
fectiveness of VSS in the agricultural sector, primarily through 
cross-sectional case studies that focus on specific VSS, crops, 
and regions, yielding mixed evidence regarding their effects 
at the producer level (Traldi 2021). While most studies focus 

on economic outcomes, typically the levels of prices, yields, 
costs, and/or revenues in a specific year, reviews indicate 
that VSS generally bring no or only small, context-specific 
economic benefits for producers, with effects for price lev-
els generally more positive than for yields (Oya et  al.  2018; 
Traldi  2021; Meemken  2020). Some studies compare multi-
ple VSS within the same setting, highlighting heterogeneous 
impacts across VSS, with those applying quality-based price 
differentiation systems and explicitly targeting production ef-
ficiency showing the largest price and yield effects (e.g., Akoyi 
and Maertens  2018; Boonaert and Maertens  2023; Chiputwa 
et al. 2015; Ruben and Zuniga 2011; Vanderhaegen et al. 2018). 
However, economic performance also depends on the stability 
of these outcomes over time, particularly in risk-prone agricul-
tural settings, an aspect that remains largely unexplored in the 
VSS literature.

Few studies quantitatively analyze stability of prices and yields 
for certified crops over time. Notably, Rueda and Lambin (2013) 
find that Rainforest Alliance-certified coffee farmers in Colombia 
experience lower price volatility, based on mean comparison of 
aggregate spot market prices. A study by Knapp and van der 
Heijden  (2018) finds that Organic is associated with higher 
inter-annual yield volatility compared to conventional agricul-
ture based on a meta-analysis dominated by studies from the 
United States and, to a lesser extent, India, Canada, and a few 
other countries—highlighting the limited evidence from low- 
and middle-income contexts. The paucity of empirical evidence 
on this topic is largely attributable to the lack of longitudinal 
producer data on VSS, despite considerable academic and policy 
interest in the topic.

Another body of literature explores the factors influencing 
yield and price volatility in agricultural markets. Yield vol-
atility is largely driven by climate, weather, and input use, 
while also being shaped by farm management practices, agro-
ecological conditions, and crop and variety characteristics 
(Albers et  al.  2017; Kukal and Irmak  2018; Ray et  al.  2015). 
Price volatility, in turn, is shaped by short-run supply and 
demand shocks, storage levels, market structure, and policy-
related factors. On the supply side, for domestically produced 
and consumed crops, price volatility is mainly influenced by 
local yield variability, fluctuations in input costs, and storage 
constraints, particularly in markets with limited infrastructure 
or under restricted trade conditions (FAO et al. 2011; Gilbert 
and Morgan  2010; Brümmer et  al.  2013, 2016; Wright  2011). 
For internationally traded crops, global yield fluctuations and 
input cost variations play a more prominent role. Speculation 
and trade policies—such as biofuel mandates, export bans, and 
tariffs—also have a significant impact on price dynamics for 
these crops, as they are subject to global market fluctuations 
and geopolitical factors (HLPE  2011; Brümmer et  al.  2013; 
FAO et al. 2011). On the demand side, factors such as income 
growth, population dynamics, and consumer preferences in-
fluence price movements for both types of crops (Brümmer 
et al. 2013). Market structure—including levels of concentra-
tion and price transmission—and policy interventions such as 
subsidies or exchange rate fluctuations further shape price dy-
namics across both domestic and international markets (FAO 
et al. 2011; HLPE 2011).
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2.2   |   Conceptual Background

To guide implementation and evaluation, many VSS articulate 
theories of change (ToCs) that specify how standard require-
ments are expected to translate into intermediate outcomes 
and longer-term impacts. We review the ToCs of 10 leading 
VSS according to Kemper et al.  (2025) to create insights into 
how VSS can affect economic stability. Only a limited subset 
of VSS explicitly incorporate stability-oriented objectives in 
their ToCs. For instance, Fairtrade explicitly aims to stabilize 
prices through fair trading conditions, minimum price guar-
antees, and the promotion of long-term contracts. In addition, 
Fairtrade's premium mechanism is intended to support invest-
ments in farm management and climate-smart practices that 
may enhance resilience. Other standards, including Organic, 
UTZ, Rainforest Alliance, and Bonsucro, do not explicitly tar-
get volatility reduction as a primary objective, but their ToCs 
emphasize agronomic practices, resource efficiency, and resil-
ience that may contribute to more stable yields or revenues 
over time.

For other VSS, economic stability is not an explicit ToC out-
come, but may arise indirectly through broader effects on mar-
ket access, production practices, and trade relationships. For 
example, VSS like Organic and GlobalGAP may affect price 
stability more indirectly by improving access to market infor-
mation, agricultural inputs, encouraging quality differentia-
tion, or linking producers to more stable trade relationships. 
Similarly, yield volatility may be indirectly affected through 
the promotion of specific good agricultural practices, such as 
diversification or soil management, while in some contexts, 
restrictions on synthetic inputs may also increase short-term 
yield variability. Supporting Information Appendix Table  A1 
summarizes the key ToC elements of the VSS analyzed in 
this study.

3   |   Methods

3.1   |   Data

We use secondary data from Peru's nationally representative 
farm survey, Encuesta National Agropecuaria (ENA), collected 
by the Instituto Nacional de Estadística e Informática (INEI) and 
Dirección Nacional de Censos y Encuestas (DNCE). The ENA cov-
ers diverse agricultural topics, including crop choice, revenue 
determinants, good agricultural practices, and certification. The 
ENA is a repeated cross-section, sampling approximately 30,000 
farms annually, of which around 9000 farms are included in mul-
tiple years.3 We use the panel subsample from ENA covering the 
period for 2015–2019,4 enabling to track price and yield levels 
over time.

The sample is selected using a two-stage sampling approach. In 
the first stage, 2086 conglomerates5 are randomly selected and in 
the second stage, 14 farms are randomly selected from each con-
glomerate. The data distinguishes between small/medium-sized 
and large farms, using the definition of the Peruvian govern-
ment, which defines large farms as commercial, agro-industrial 
companies typically farming more than 50 ha of land and small/
medium-sized farms as family-operated farms with typically less 

than 50 ha. The data includes sampling weights and is represen-
tative at the departmental level for family farms and the national 
level for agro-industry. The survey has a low non-response rate 
of 4%, primarily due to farm inactivity (3.5%), with minimal re-
fusal (0.2%) and absence (0.3%). We exclude observations related 
exclusively to livestock production, as these differ in important 
ways from crop-only or mixed farms in terms of production 
dynamics and market conditions. Given that fewer than 1% of 
livestock farms are certified, this exclusion primarily removes 
non-certified farms from the analysis. Additionally, we exclude 
non-certified crops grown on certified farms, as they may not 
serve as a suitable control group due to potential spillover effects.

The ENA includes self-reported data on crop-level producer 
prices6 and yields, expressed as average unit values over the past 
12 months.7 Volatility encompasses multiple dimensions (Reckling 
et al. 2021). In this study, we focus on whether VSS are associated 
with inter-annual fluctuations around the mean price or yield for 
certified and non-certified producers. Since VSS may also affect 
price and yield levels—potentially inflating volatility when certi-
fication status changes—we isolate volatility within certified and 
non-certified periods separately and analyze between-effects. This 
approach avoids bias from level shifts during transition from non-
certified to certified (or vice versa). Specifically, we calculate price 
and yield volatility for crop i of farm j under certification status 
c, denoted as Volatilityi,j,c, as the CV of annual price or yield lev-
els Leveli,j,t for crop i of farm j in year t in the set of years Tc

i,j
 in 

which crop i was produced under certification status c on farm j 
(Equations 1–3):

where �i,j,c is the standard deviation:

and �i,j,c is the mean level8:

The standard deviation captures the absolute variability in 
prices or yields, while the CV expresses this variability relative 
to the mean, allowing comparison across crops and certifica-
tion statuses.9 It is a standard indicator in the price and yield 
volatility literature (d'Hôtel and Le Cotty 2018; Dalheimer and 
Bellemare  2025; Patel and Dahlin  2022; Knapp and van der 
Heijden 2018; Reckling et al. 2021). Since the ENA data spans 
full agricultural years, this approach also accounts for seasonal 
effects. We compute volatility metrics for the full sample as well 
as a subsample restricted to crop-farm observations with at least 
4 years under the same certification status as sensitivity analysis. 
As robustness checks, we employ the high-low range as an alter-
native volatility measure, which captures extreme price fluctua-
tions (Adjemian and Irwin 2018), and the adjusted CV for small 
sample sizes (Plavcan and Cope 2001). We do not employ roll-
ing window-based indicators (e.g., the CV of returns) (Brümmer 

(1)Volatilityi,j,c =
�i,j,c

�i,j,c

(2)�i,j,c =

�

�

�

�

�

�

�

∑

t ∈Tc
i,j

�

Leveli,j,t−�i,j,c
�2

�

Tc
i,j
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(3)�i,j,c =

∑

t ∈Tc
i,j

Leveli,j,t
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et al. 2013), as these are incompatible with our setup due to the 
potential overlap of transitions in certification status with the ob-
servation window.

The ENA also collects farm-level certification data for several VSS, 
including Organic, Fairtrade, GlobalGAP (and Tesco's Nurture 
add-on), and other certifications specified by farmers, such as 
Rainforest Alliance and various health and safety standards. 
Given that certification is relevant only for a handful of crops, 
we derive crop-level certification data assuming that farm-level 
certification primarily applies to crops contributing at least 50% 
of the net farm revenue or harvested area (Ruben  2017), or to 
crops for which at least 50% of the harvest is destined for export, 
Lima, or agroindustry, where demand for certified produce is high 
(Schuster and Maertens 2013; UNFSS 2022). We verified these as-
sumptions during stakeholder interviews in Peru in spring 2022, 
where informed consent was obtained, and using department-
level certification data from Fairtrade International and Fair Trade 
USA for 2015–2019 (family farms) and 2025 (agro-industry) and 
from Organic for 2019, and crop-specific certification data from 
GlobalGAP for 2021. Across the full sample, we observe 1153 certi-
fied farms (Table 1).

3.2   |   Estimation Approach

To compare price and yield volatility between certified and non-
certified farms, we start by using a pooled OLS model at the crop 
level (Equation 4):

where Volatilityi,j,c denotes the price or yield volatility for crop i 
of farm j under certification status c. VSSi,j,c is a dummy variable 
indicating the certification status of crop i on farm j in certifi-
cation status c. Cj,c includes time-variant observable farm-level 
control variables, comprising total harvested area (level and 
squared), tropical livestock units,10 proportion of irrigated 
fields, and, for family farms, farm-household characteristics 
(number of household laborers, years of farming experience, 
off-farm employment, gender, education level, language, and 
ethnicity of the head of the household) based on previous work 
on VSS adoption characteristics (Marx et  al.  2022) and eco-
nomic outcomes (Meemken  2020; Traldi  2021). �d represents 
department fixed effects to control for departmental-specific 
characteristics (e.g., infrastructure, policies, climate condi-
tions), and �i denotes crop fixed effects to account for differ-
ences between crops (e.g., differences in supply chains, buyers, 
or weather sensitivity). �i,j,c controls for the number of years 
the farm-crop pair remained under the same certification sta-
tus as volatility might depend on the temporal scale (Pimm 
and Redfearn 1988). �i,j,care year dummies to account for the 
specific years on which the volatility metric is calculated, and 
�i,j,c is the error term. Since the volatility indicator captures 
volatility over the certification period, the data collapses to a 
cross-sectional dataset for all observations that do not change 
certification status, and to a panel dataset with two data points 
for observations that switch certification status. This structure 
renders the use of panel estimators infeasible, thus motivating 
the use of pooled OLS.11 To complement the price and yield 

volatility analysis and understand how these relate to revenue 
volatility, we additionally compare cost and revenue volatility 
between certified and non-certified farms. We therefore use a 
similar pooled OLS model at the farm level (Equation 5):

To facilitate interpretation of the estimated effects of VSS 
on relative price and yield volatility, measured by the CV as 
changes in price and yield variability relative to changes in 
their levels, we also estimate the effect of VSS on price and 
yield levels using the following fixed effects model at the crop 
level (Equation 6):

where Leveli,j,t represents the price or yield level for crop i 
of farm j in year t. �i captures crop-farm fixed effects, ac-
counting  for time-invariant unobserved confounders such 
as geographical, economic, technological, or cultural factors. � t 
represents year dummies, capturing temporal variation across 
years (e.g., climate, policy, or economic shocks), and the other 
variables are similar as in Equations (4) and (5). Similarly, we 
estimate the effect of VSS on cost and net farm revenue levels 
using a fixed effects model at the farm level (Equation 7):

All economic variables, including prices, are adjusted to con-
stant 2019 Peruvian soles (PEN) using the consumer price 
index (The World Bank  2025). We apply the inverse hyper-
bolic sine transformation to the lognormally distributed out-
come variables in Equations (6) and (7) and the total area in 
Equations (4–7) to reduce skewness. To analyze heterogeneous 
effects by VSS, we replace the variable VSSi,t in Equations (4–7) 
with a vector of VSS. We hereby account for multiple certi-
fications, which apply to 26% of the sample and reflect the 
common practice in Peru's agricultural sector. To analyze het-
erogeneity across crops, we re-estimate Equations  (4–7) for 
a subsample of the four main certified crops: banana, coffee, 
grape, and avocado.

Both models (Equations  4–7) assume a linear relationship 
between VSS and the outcome variables, which is sensi-
ble given that the main independent variable of interest is a 
dummy. Additionally, the models assume the absence of mul-
ticollinearity, which we verify through inspection of correlation 
coefficients. To address arbitrary serial correlation and het-
eroskedasticity, we use clustered standard errors at the crop-
farm level in both models, and additionally at the farm and 
conglomerate levels to account for the sampling design and 
treatment level (Abadie et al. 2023; Wooldridge 2010). Finally, 
while the fixed effects model (Equations 6 and 7) assumes strict 
exogeneity between the explanatory variables and the error 
term but allows for correlation of time-invariant unobservables 
at the crop-farm level, the pooled OLS model (Equations 4 and 
5) assumes contemporaneous exogeneity between explanatory 
variables and the error term. Potential sources of endogeneity 
in Equations  (4–7) include: (1) reverse causality, (2) measure-
ment error, and (3) omitted variable bias. We consider reverse 

(4)

Volatilityi,j,c = � + �VSSi,j,c + �Cj,c + �d + �i + �i,j,c + �i,j,c + �i,j,c

(5)

Volatilityj,c = � + �VSSj,c + �Cj,c + �d + �j,c + �j,c + �j,c

(6)

Leveli,j,t = � + �VSSi,j,t + �Cj,t + �i,j + � t + �d + �i + �i,j,t

(7)Levelj,t = � + �VSSj,t + �Cj,t + �j + � t + �d + �j,t
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causality unlikely, as farmers are generally unable to anticipate 
future price or yield changes, which are largely driven by ex-
ternal factors (Bazzi and Blattman 2014). To mitigate concerns 
about measurement error,12 we validate producer price and 
yield data against FAOSTAT data,13 use alternative volatility 

indicators as robustness checks, and exclude outliers identi-
fied via z-scores exceeding three. Omitted variable bias remains 
a concern due to unobserved (time-varying) confounders. 
Although we lack strong external instruments, we assess the ro-
bustness of the results using various matching and reweighting 

TABLE 1    |    Descriptive statistics by certification status.

Sample All farms Family farms Agro-industry

Certification status NC C NC C NC C

N 29,667 1153 26,326 238 3341 915

Farm characteristics

Total harvested area (ha) 2.349
(0.199)

24.019***
(7.431)

1.800
(0.178)

2.739***
(0.750)

127.248
(16.985)

318.871***
(43.985)

Experience in farming (years) 26.454
(0.283)

25.887*
(1.544)

26.469
(0.286)

25.890*
(1.553)

24.726
(0.573)

24.785
(2.958)

Tropical livestock units 3.198
(0.188)

5.118**
(2.063)

2.794
(0.177)

0.859**
(0.285)

87.695
(12.378)

62.180
(21.898)

Advanced irrigation techniques 
(% of area)

0.378
(0.020)

0.657
(0.125)

0.377
(0.021)

0.637
(0.140)

0.537
(0.023)

0.942
(0.017)

Part of a producer organization 
(0/1)

0.052 0.903*** 0.052 0.969*** 0.012 0.016

Land title (0/1) 0.130 0.228** 0.128 0.201 0.407 0.558***

Production characteristics

Annual net farm revenue (2019 
PEN/ha)

2530.792
(189.324)

14,719.950
(2331.840)

2399.154
(188.246)

12,050.330
(2216.977)

31,017.490
(8061.571)

51,347.050***
(20,502.200)

Annual production costs (2019 
PEN/ha)

3545.969
(208.558)

6854.888***
(1362.112)

3291.272
(205.086)

5548.09***
(1548.903)

56,839.380
(11,344.950)

24,370.410***
(4621.433)

Production sold to a collector, 
wholesaler or retailer (%)

43.898
(1.950)

31.334***
(6.717)

43.956
(2.004)

29.994***
(7.065)

30.452
(1.608)

49.901***
(3.744)

Production sold to a farmer 
organization or agribusiness (%)

2.561
(0.431)

81.910***
(7.572)

2.525
(0.442)

82.554***
(8.147)

10.638
(0.922)

72.991***
(2.445)

Production sold to final 
consumer (%)

7.881
(0.417)

0.802
(0.445)

7.896
(0.427)

0.736
(0.476)

4.465
(0.495)

1.715
(0.609)

Local market as production 
destination market (%)

34.734
(1.218)

16.569***
(2.470)

34.790
(1.251)

15.628***
(2.560)

21.953
(1.218)

29.603
(2.398)

Export market as production 
destination market (%)

2.258
(0.397)

71.900***
(6.549)

2.243
(0.408)

71.981***
(7.142)

5.606
(0.717)

70.780***
(2.566)

Regional, Lima or agro-industry 
as production destination market 
(%)

14.688
(1.104)

20.353
(5.176)

14.664
(1.134)

18.806
(5.338)

20.193
(1.315)

41.794
(2.972)

Farm support services

Training (0/1) 0.009 0.101*** 0.009 0.091*** 0.037 0.245***

Technical assistance (0/1) 0.008 0.144*** 0.008 0.138*** 0.032 0.226***

Market information (0/1) 0.145 0.251** 0.145 0.240** 0.260 0.400**

Access to credit when demanded 
for (0/1)

0.100 0.389** 0.100 0.379** 0.282 0.510***

Note: Statistics are based on the panel of the ENA data with sampling weights applied. Standard errors for continuous variables are shown in parentheses. Differences 
between certified and noncertified farms are tested using Mann–Whitney or χ2 tests. Statistically significant differences are indicated by *p < 0.1, **p < 0.05, ***p < 0.01.
Abbreviations: C, certified; NC, non-certified.
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methods (regression adjustment, inverse probability-weighting, 
augmented inverse-probability weighting, nearest-neighbor 
matching, and propensity-score matching). Additionally, we 
use an internal instrument method following the approach of 
Lewbel  (2012). This method creates instrumental variables by 
exploiting information contained in the heteroscedasticity of 
the first-stage residuals.

3.3   |   Descriptive Statistics

Overall, the prevalence of certification among Peruvian 
farms is 1.4%.14 However, adoption is substantially higher 
among agro-industry (16.7%) compared to family farms (1.3%) 
(Figure 1a,b). These two producer types also differ markedly in 
terms of the VSS adopted, geographical distribution, and crop 

FIGURE 1    |    Temporal and geographical distribution of VSS. Share of certified farms among the total number of sampled farms over the period 
2015–2019 (a, b), and department-level distribution of certification, measured as the share of certified farms among sampled farms over the period 
2015–2019 (c, d), disaggregated by family farms (N = 27,194) (a, c) and agro-industrial farms (N = 4486) (b, d). Figures are based on the panel of the 
ENA data with sampling weights applied.
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choices. GlobalGAP certification is most prevalent among agro-
industry, while Organic certification dominates among family 
farms. Geographically, certified agro-industry is concentrated 
in the coastal region of Peru, whereas certified family farms 
are primarily located in the Andean region (Figure 1c,d). In ad-
dition, while many agro-industrial companies grow fruits and 
vegetables (e.g., avocado, grapes, mandarin, beans, or banana), 
family farms often grow traditional cash crops (e.g., banana, 
coffee, or cocoa) or traditional staple crops (e.g., maize, or po-
tato), where certified small and large producers are more likely 
to produce the aforementioned cash crops compared to their 
non-certified counterparts (Supporting Information Appendix 
Table A2).

Certified agro-industry and family farms also differ from non-
certified farms across a range of socioeconomic characteristics 
(Table 1). On average, certified farms have a larger farm size, 
more livestock units, and are more likely to be members of 
producer organizations and to hold land titles. Certified family 
farms report higher per-hectare production costs, while certi-
fied agro-industrial farms report lower per-hectare production 
costs and higher net farm revenues. The large differences in 
mean values among agro-industrial farms partly reflect the 
highly skewed distribution of farm sizes and production sys-
tems. Marketing channels and market orientation also vary: 
certified farms are more likely to sell to farmer organizations 
or agribusinesses and less likely to sell to collectors, wholesal-
ers, or retailers. They are also significantly more export-oriented 
and less focused on local markets. Moreover, certified producers 
are more likely to receive various forms of capacity building, 
including training, technical assistance, market information, 
and access to credit. Additionally, family farms differ on a range 
of household characteristics (Table 2). Certification adoption is 
more skewed toward male operators, those speaking Spanish as 
their first language, and non-indigenous groups compared to 
non-certified family farms. Finally, certified family farms tend 
to rely less on family labor and are less likely to engage in off-
farm employment.

Descriptive figures of price and yield levels for the four main 
certified crops—banana, coffee, avocado, and grape—show 
higher average prices and yields among both certified family 
farms and agro-industrial producers (Figure 2). Price variability 
is lower for banana and coffee, while yield variability is lower 
only for banana, and no clear differences are observed for the 
other crops. Substantial variation across years suggests that an-
alyzing price and yield volatility is relevant. Descriptive figures 
of price and yield volatility highlight that, on average, certified 
farms exhibit lower price volatility than non-certified farms, 
with a mean CV of 0.13 compared to 0.40 (Figure 3a), suggest-
ing that certification is generally associated with more stable 
prices. Certified farms also show a smaller range of price vol-
atility (0–1.48) relative to non-certified farms (0–1.86), indicat-
ing fewer extreme fluctuations. However, the highest density of 
price volatility values for certified farms occurs at higher values 
of the CV (0.24) than for non-certified farms (0.17), implying 
more frequent moderate volatility spikes. A similar pattern is 
observed for yield volatility (Figure 3b). Certified farms again 
show lower average volatility (mean CV of 0.26 compared to 
0.33 for non-certified farms), as well as a smaller range (0–0.94 
vs. 0–1.60). Yet, the highest density of yield volatility also lies at 

slightly higher values of the CV for certified farms (0.22) than 
for non-certified ones (0.18), indicating more common mid-
level fluctuations. Taken together, these patterns suggest that 
certification is associated with reduced average volatility and 
fewer extreme fluctuations in both price and yield. However, 
it may also be linked to a greater concentration of moderate 
volatility levels.

Descriptive statistics of production costs and net farm revenue 
suggest that certification is associated with more stable pro-
duction costs and net farm revenues (Figure  A1). Certified 
farms exhibit lower average cost volatility (mean CV of 0.67) 
compared to non-certified farms (0.85), along with a slightly 
narrower range (0–1.96 vs. 0–2.00). However, the highest den-
sity of cost volatility values is observed at higher values of the 
CV for certified farms (0.40) than for non-certified ones (0.34), 
indicating more frequent moderate fluctuations. A similar pat-
tern is found for net farm revenue volatility, where certified 
farms show a substantially lower average volatility (mean CV 
of 0.84 compared to 6.10 for non-certified farms) and a more 
narrow range (0–1742 vs. 0–2273). Yet, the highest density of 
volatility values again lies at slightly higher values for certified 

TABLE 2    |    Descriptive statistics of farm household characteristics 
by certification status.

Sample Family farms

Certification status NC C

N 26,326 238

Household size 3.562 (0.036) 4.001 (0.208)

Number of household 
laborers on the farm

2.310 (0.017) 2.185** (0.130)

Self-reported distance to 
the capital district (hours)

1.483 (0.088) 1.365 (0.503)

Age of the household 
head (years)

53.100 (0.309) 51.721 (1.466)

Off-farm employment by 
household head (0/1)

0.544 0.462**

Female-headed 
household (0/1)

0.279 0.078***

Secondary or tertiary 
education of the 
household head (0/1)

0.326 0.330

Spanish as first language 
of the household head 
(0/1)

0.567 0.945***

Indigenous ethnic group 
of the household head 
(0/1)

0.528 0.111***

Note: Comparable household and workforce data are unavailable for agro-
industrial farms, for which only labor cost information is collected. Statistics 
are based on the panel of the ENA data with sampling weights applied. 
Standard errors for continuous variables are shown in parentheses. Differences 
between certified and non-certified farms are tested using Mann–Whitney or 
χ2 tests. Statistically significant differences are indicated by *p < 0.1, **p < 0.05, 
***p < 0.01.
Abbreviations: C, certified; NC, non-certified.
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farms (0.08) than for non-certified farms (0.11), suggesting 
that although extremes are reduced, mid-level fluctuations re-
main relatively common.

4   |   Results

4.1   |   Price and Yield Volatility

The econometric results (Figures  4 and 5; Supporting 
Information Appendix Tables  A4–A6) indicate that certifi-
cation is generally associated with lower volatility in both 
prices and yields. In real terms, certification corresponds to 
a reduction in the CV by 0.11 for prices and 0.06 for yields. 
This translates to a 27% drop in the CV for prices or a drop in 
the standard deviation from 0.93 to 0.70 PEN/kg (based on an 
average crop price of 2.15 PEN/kg) and a drop of 17% in the 
CV for yields or from 3406 to 2764 kg/ha (based on an average 
yield of 10,708 kg/ha). However, the results reveal substantial 
heterogeneity across producer types, certification schemes, 
and crops. Certification is associated with reduced price vol-
atility particularly among family farms, across all VSS, and 
for banana and coffee. Certification is also associated with 
lower yield volatility for both family farms and agro-industrial 

producers, specifically under GlobalGAP, and for banana and 
grape production. Additionally, we find that the yield volatility 
reductions associated with VSS certification are stronger if the 
duration of certification, in years, increases.

4.2   |   Price and Yield Level

To better interpret the relative volatility findings, we addi-
tionally estimate the effect of VSS on price and yield lev-
els (Figures  4 and 5; Supporting Information Appendix 
Tables  A7–A9). The regression results indicate that VSS are 
associated with a 6% increase in price levels. We take this 
price level increase into account in our volatility indicator by 
using a relative measure to the mean of the price levels. This 
price level increase is, particularly the case for family farms, 
for Organic and GlobalGAP certification, and for coffee and 
grapes. In contrast, Fairtrade and avocado certification are as-
sociated with lower price levels. For Fairtrade, this may be ex-
plained by structural factors such as cooperative deductions to 
cover operational costs, oversupply resulting from limited de-
mand or processing capacity, farmers' lack of awareness about 
their certification status, or periods of high commodity prices 
that render the Fairtrade minimum price largely irrelevant. 

FIGURE 2    |    Price and yield levels for the four main certified crops. Mean price (a–d) and yield (e–h) levels, with standard deviations, for certified 
(purple) and non-certified (green) crops: (a, e) banana, (b, f) coffee, (c, g) avocado, and (d, h) grape. Based on ENA data with sampling weights applied.

0

2

4

6

8

10

2015 2016 2017 2018 2019

Year

Pr
ic

e 
le

ve
l (

20
19

 P
EN

/k
g)

0

2

4

6

8

10

2015 2016 2017 2018 2019

Year

Pr
ic

e 
le

ve
l (

20
19

 P
EN

/k
g)

0

2

4

6

8

10

2015 2016 2017 2018 2019

Year

Pr
ic

e 
le

ve
l (

20
19

 P
EN

/k
g)

0

2

4

6

8

10

2015 2016 2017 2018 2019

Year

Pr
ic

e 
le

ve
l (

20
19

 P
EN

/k
g)

0

10000

20000

30000

40000

50000

2015 2016 2017 2018 2019

Year

Yi
el

d 
le

ve
l (

kg
/h

a)

0

300

600

900

1200

1500

2015 2016 2017 2018 2019

Year

Yi
el

d 
le

ve
l (

kg
/h

a)

0

4000

8000

12000

16000

20000

2015 2016 2017 2018 2019

Year

Yi
el

d 
le

ve
l (

kg
/h

a)

0

6000

12000

18000

24000

30000

2015 2016 2017 2018 2019

Year

Yi
el

d 
le

ve
l (

kg
/h

a)

a b c d

e f g h

 20405804, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aepp.70079 by K

u L
euven, W

iley O
nline L

ibrary on [08/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



9Applied Economic Perspectives and Policy, 2026

At the same time, methodological issues may also play a role. 
Fairtrade certification is always held by cooperatives, which 
typically provide partial advance payments and a final pay-
ment at the end of the year. Cooperatives may also distribute 
part of the social premium as additional payments. However, 
farmers may not perceive these transfers as part of the product 
price, leading to underreporting of the actual price received. 
Additionally, certification is not significantly associated with 
higher yield levels, except for a positive association in the case 
of avocado.

4.3   |   Production Cost and Net Farm Revenue 
Volatility and Level

To understand how price and yield volatility affect revenue 
volatility, we additionally compare cost and revenue volatility 
between certified and non-certified farms. The econometric 
results (Figures  6 and 7; Supporting Information Appendix 
Tables A10 and A11) show that certification is associated with 
lower volatility in costs. Specifically, certified farms expe-
rience a 17% drop in cost volatility, particularly those in the 
agro-industrial sector and those certified under GlobalGAP or 
Fairtrade. For net farm revenue volatility, the stabilizing ef-
fect of certification is more limited, with a reduction in the CV 
observed only among family farms (81% reduction), especially 

those certified under Organic. Volatility further decreases with 
the duration of certification.

Despite the reduction in cost volatility, certification is associated 
with higher production costs across both family farms and agro-
industrial producers (Figures  6 and 7; Supporting Information 
Appendix Tables  A12 and A13). This effect is, particularly, 
pronounced for farms certified under Organic and GlobalGAP. 
Additionally, certification does not lead to higher net farm rev-
enues on average and is linked to lower net farm revenues for 
Fairtrade-certified family farms and GlobalGAP-certified agro-
industrial farms.

4.4   |   Sensitivity Analyses

A series of robustness checks confirm the main findings (Table 3). 
Restricting the sample to observations with at least 4 years of 
data in the same certification status does not alter the results. 
Alternative volatility measures, such as the high-low range and 
adjusted CV for small sample sizes, yield consistent results for all 
outcomes. Excluding outliers based on z-scores above three also 
leaves the main conclusions unchanged. Additionally, we esti-
mate the average treatment effect using a range of matching es-
timators (regression adjustment, inverse probability-weighting, 
augmented inverse-probability weighting, nearest-neighbor 

FIGURE 3    |    Distribution of price and yield volatility by certification status. Violin plots showing the distribution of (a) price volatility and (b) yield 
volatility for certified and non-certified crops. Individual observations are shown as black dots; boxplots indicate the median and interquartile range, 
and the red dot denotes the mean. Based on ENA data with sampling weights applied.
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matching, and propensity-score matching) instead of pooled 
OLS. All estimators yield qualitatively similar results, with the 
doubly robust inverse-probability-weighted regression adjust-
ment (IPWRA) estimator reported as the main specification. 
Finally, employing internal instruments via the Lewbel ap-
proach produces similar results, though the overidentification 
test for yield volatility is only borderline non-significant at the 
5% level, warranting cautious interpretation.

5   |   Discussion

Previous research on VSS has largely focused on their eco-
nomic effects, generally pointing toward moderately posi-
tive price effects and mixed effects on yields (Oya et al. 2018; 
Traldi  2021; Meemken  2020). In line with these studies, we 
observe that VSS adoption is associated with higher prices 
but no significant differences in yield levels in Peru. Beyond 

FIGURE 4    |    Estimated effects of VSS on price volatility and levels. Estimated effects of VSS adoption on price volatility (a, c, e) and levels (b, d, 
f). Heterogeneity in effects is shown across producer types (a, b), VSS (c, d), and crops (e, f). Abbreviation: VSS–voluntary sustainability standards.
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level effects, however, we find that certification is associated 
with greater stability in both prices and yields. This supports 
earlier evidence on price volatility reduction in Rainforest 
Alliance certified coffee markets in Colombia (Rueda and 
Lambin 2013) but contrasts with findings of higher yield vol-
atility under Organic certification in the United States, India, 
and other predominantly high-income countries (Knapp and 
van der Heijden 2018). Extending the analysis to a wider range 

of crops and VSS and focusing on a middle-income country, 
Peru, we find that certification is associated with a decrease of 
0.11 in the CV of price and a decrease of 0.06 in the CV of yield, 
reflecting substantial reductions in price and yield volatility. 
Price volatility reductions are most pronounced among fam-
ily farms, for Organic, Fairtrade, and GlobalGAP certification, 
and for banana and coffee certification. Yield volatility reduc-
tions are observed across both family farms and agro-industry, 

FIGURE 5    |    Estimated effects of VSS on yield volatility and levels. Estimated effects of VSS adoption on yield volatility (a, c, e) and levels (b, d, 
f). Heterogeneity in effects is shown across producer types (a, b), VSS (c, d), and crops (e, f). Abbreviation: VSS–voluntary sustainability standards.
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especially under GlobalGAP certification and for banana and 
grape certification.

The observed reduction in yield volatility is strongest under 
GlobalGAP certification, next to the group of VSS consisting of 
Rainforest Alliance, SMETA, and various health and safety cer-
tifications, such as HACCP, BASC, and BRC. This might relate 
to the schemes' focus on good agricultural practices—includ-
ing soil health, pest and disease control, and farm management 
protocols—which may enhance crop resilience to environ-
mental shocks (Supporting Information Appendix Table  A1). 
GlobalGAP is also associated with higher access to training and 
extension services in Peru (Supporting Information Appendix 
Table A15), which might further contribute to stabilizing yields. 
In contrast, Organic and Fairtrade certification are not associ-
ated with significant reductions in yield volatility. This suggests 
that the switching to new practices under Fairtrade and Organic, 
as well as input restrictions under Organic, do not lead to tempo-
rary yield fluctuations. The effect varies across crops: yield vola-
tility reductions are seen for banana and grape certification but 
not for coffee and avocado certification. These differences may 
be linked to the main VSS certifying these crops (GlobalGAP), 

crop characteristics, and value chain dynamics. Bananas and 
grapes, typically grown in more intensive systems and with 
shorter production cycles than coffee and avocado, may respond 
more quickly to improvements in practices. They are also more 
frequently integrated into vertically coordinated supply chains 
or contract farming arrangements (Lee et al. 2012), which often 
include technical support and stricter quality controls—factors 
that can enhance yield stability.

The reduction in price volatility holds under Organic, Fairtrade, 
and GlobalGAP certification. Several mechanisms may underlie 
the reduced price volatility. On the supply side, this might relate 
to improved access to market information and agricultural in-
puts, and horizontal coordination among certified family farms, 
which can enhance bargaining power and collective responses 
to market changes (Bray and Neilson  2017; Oya et  al.  2018). 
Additionally, Organic and GlobalGAP rely on a quality-based 
price differentiation system and may adjust price premiums in 
response to international price spikes (Rueda and Lambin 2013). 
Fairtrade relies on minimum price guarantees, the promotion 
of long-term contracts, and the promotion of fair trading condi-
tions which might help stabilize prices. The observed reduction 

FIGURE 6    |    Estimated effects of VSS on production cost volatility and levels. Estimated effects of VSS adoption on production volatility (a, c) and 
levels (b, d). Heterogeneity in effects is shown across producer types (a, b) and VSS (c, d). Abbreviation: VSS–voluntary sustainability standards.
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in price volatility may also partly reflect more stable local supply 
through improved yield stability, as discussed above. Since we do 
not find significant differences in yield levels between certified 
and non-certified farms, the effect is unlikely to be explained by 
market failures to correct for localized yield changes. On the de-
mand side, certification may reduce information asymmetries, 
resulting in a more stable demand that is driven by ethical or 
environmental considerations rather than cost (Bissinger and 
Leufkens  2020; Vellema et  al.  2015). Furthermore, VSS might 
relate to reduced transaction costs, potentially affecting price 
transmission (Swinnen  2016; Wang et  al.  2024). Crop-level ef-
fects suggest that price volatility reductions are most substantial 
for banana and coffee, where horizontal coordination mecha-
nisms are common, and where Organic and Fairtrade certifica-
tion is well established (Lee et al. 2012). Bananas, in particular, 
are often subject to multiple certification schemes, which may 
enhance flexibility in accessing different markets and reduce de-
pendence on a single buyer.

The reduction in price and yield volatility translates into lower 
volatility in net farm revenue—but only for family farms. Among 

VSS, Organic certification shows the strongest association with re-
duced volatility in net farm revenue, likely due to its pronounced 
effect on price stability. In contrast, we observe no significant 
reduction in revenue volatility under Fairtrade or GlobalGAP, 
possibly because their effects on price and yield volatility are ei-
ther more limited or concentrated in different producer types. In 
particular, Fairtrade is associated with reduced price volatility 
for family farms, and GlobalGAP is associated with reduced yield 
and production cost volatility in agro-industrial farms, but this is 
not sufficient to significantly affect overall net revenue volatility.

Our findings have several implications for policymakers and 
certification bodies. First, we find that VSS are associated with 
higher price levels and reduced price and yield volatility—effects 
that translate into more stable net farm revenues, but primarily 
for family farms. This is particularly relevant in the current con-
text of increasing uncertainty due to climate change, geopolitical 
instability and deregulation, where many producers in low- and 
middle-income countries lack access to formal risk management 
tools (García-Machado et al. 2024). By stabilizing prices, yields, 
and revenues, VSS can serve as a market-based instrument to 

FIGURE 7    |    Estimated effects of VSS on net farm revenue volatility and levels. Estimated effects of VSS adoption on net farm revenue volatili-
ty (a, c) and levels (b, d). Heterogeneity in effects is shown across producer types (a, b) and VSS (c, d). Abbreviation: VSS–voluntary sustainability 
standards.
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TABLE 3    |    Robustness checks for the regression results of the association between VSS and price, yield, cost, and net farm revenue volatility.

Outcome indicator

Price volatility Yield volatility Cost volatility
Net farm revenue 

volatility

All farms All farms All farms All farms

Main effects

VSS (0/1) −0.108***
(0.039)

−0.057***
(0.015)

−0.139***
(0.038)

−3.814
(6.026)

N total 10,124 27,609 7956 7891

Robustness checks

Subsample of observations that occur at least 4 years in the certification status

VSS (0/1) −0.244***
(0.085)

−0.065**
(0.025)

−0.144*
(0.077)

−2.245
(1.927)

N total 3906 6896 6363 6353

Coefficient of variation adjusted for small sample sizes

VSS (0/1) −0.119***
(0.042)

−0.061***
(0.017)

−0.151***
(0.041)

4.373
(6.763)

N total 10,124 27,609 7976 7891

High-low range relative to the mean as alternative volatility indicator

VSS (0/1) −0.164**
(0.073)

−0.117***
(0.027)

−0.238***
(0.070)

−10.488
(8.829)

N total 10,124 27,609 7976 7981

Removing potential outliers with z-scores above 3

VSS (0/1) −0.101***
(0.037)

−0.048***
(0.015)

−0.139***
(0.038)

−0.431
(1.131)

N total 10,063 27,313 7956 7875

Inverse-probability weighted regression adjustment (IPWRA) instead of pooled OLS

VSS (0/1) −0.112***
(0.047)

−0.102**
(0.041)

−0.334***
(0.057)

10.590
(8.642)

N total 10,166 27,538 6789 6743

Internal instrument method (Lewbell) instead of pooled OLS

VSS (0/1) −0.033***
(0.008)

−0.150***
(0.026)

−0.395
(0.966)

N total 27,655 7977 7892

Breusch–Pagan test (p) 0.000 0.000 0.000

Pagan–Hall test (p) 0.000 0.000 0.000

Hansen's J statistic (p) 0.050 0.124 0.865

Kleibergen–Paap rk Wald F 
statistic

3075.670 546.192 546.005

Kleibergen–Paap rk LM 
statistic

108.996 166.556 168.866

Note: Control variables are included but estimated coefficients not shown for brevity. For IPWRA: The covariates in the outcome model and in the treatment-
assignment model are the same as in the regression models. For the internal instrument method: We report the Breusch–Pagan test for heteroscedasticity of the first 
stage residuals, Pagan–Hall and Hansen's J test for instrument validity, Kleibergen-Paap rk Wald statistic for weak instruments and the Kleibergen–Paap rk LM 
statistic for under-identification. Included instruments are (a subset of) the control variables used in the main analysis on the paper. No valid internal instruments were 
found for price volatility and hence results are not reported. Statistically significant differences are indicated by *p < 0.1, **p < 0.05, ***p < 0.01.
Abbreviations: ENA-Encuesta Nacional Agropecuaria; VSS-voluntary sustainability standards.
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strengthen resilience among family farms. However, this also 
implies a shift in responsibility for economic sustainability man-
agement from the public to the private sector—raising questions 
about the adequacy and fairness of relying on voluntary initia-
tives to deliver stability in agricultural livelihoods. Moreover, 
certified producers are often relatively better off, with, for exam-
ple, greater access to trainings, information, and markets. This 
highlights the need for complementary instruments—such as 
inclusive finance, extension services, or targeted subsidies—that 
can help extend the benefits of volatility reduction to less advan-
taged farmers who are unlikely to certify on their own.

Second, we find that VSS are associated with volatility reductions 
for some producer types, crops, and VSS, but not for all. Our re-
sults emphasize that the volatility reductions are contingent upon 
crop characteristics, value chain structures, and VSS design—
echoing prior findings on the heterogeneous outcomes of VSS 
(Meemken 2020; Oya et al. 2018). During stakeholder interviews, 
the importance of long-term contracts for stabilizing producer 
incomes was frequently mentioned. Yet, only Fair Trade USA 
currently promotes such contracts—and even then, without en-
forceable compliance mechanisms. This highlights that through 
strengthening design features within certification schemes, VSS 
could more effectively contribute to price, yield, and revenue sta-
bility, and thereby create benefits that go beyond sustainability, 
improving the resilience of farm-based livelihoods.

6   |   Conclusion

This study analyzes the association between certification to VSS 
and crop-level price and yield volatility. Focusing on inter-annual 
price, yield, and net farm revenue volatility and using producer-
level data from a nationally representative survey in Peru over 
several years, crops and VSS, we find that certification is gener-
ally associated with lower price and yield volatility, particularly 
among family farms and for certain crops like banana, coffee, 
and grapes. These effects translate into greater net farm revenue 
stability, particularly for family farms, but not for agro-industry. 
Findings are particularly relevant as price and yield uncertainty 
are expected to rise due to climate change and geopolitical insta-
bility, underscoring the potential role of certification in enhanc-
ing economic stability and resilience for certain producers, while 
also highlighting the need for additional policies to support less 
favored producers and tailor certification design to different crop 
and farm types.

The study has several limitations that could be addressed in fu-
ture research. First, while we analyze net farm revenue and its 
volatility as economic performance indicators, the dataset does 
not include household-level income or poverty measures, pre-
venting us from examining broader welfare outcomes. Second, 
limited by the dataset that spans a maximum of 5 years, we focus 
on short-term volatility and on inter-annual, rather than intra-
annual, volatility. We focus exclusively on crop-level yield vol-
atility, without examining volatility at broader spatial scales, 
where factors such as farm-level diversification strategies could 
influence aggregate food supply stability. A third limitation is the 
lack of strong external instruments for the price volatility anal-
ysis to fully control for time-varying unobserved heterogeneity. 
Fourth, the number of certified family farms is relatively small, 

but comparable to sample sizes typically seen in surveys specif-
ically designed to analyze the impact of VSS (Meemken 2020). 
However, this limits the extent to which we can disentangle the 
effect by VSS given small sub-sample sizes. Fifth, the dataset 
does not provide information on whether certified products were 
actually sold as certified. This is a common limitation in farm-
level surveys, as farmers are often unaware of how their products 
are marketed downstream in the value chain.

Future research could extend this analysis to other countries 
and institutional contexts to assess the external validity of the 
findings. While the data used here are nationally representa-
tive—an exception in this literature—the analysis focuses on 
Peru, and the extent to which the results generalize to other re-
gions or continents remains an open question. In addition, fu-
ture research could explore how different types of value chains 
mediate the effects of certification on price and yield volatility. 
For example, bargaining power dynamics among producers, 
intermediaries, and buyers may influence price stability out-
comes. Moreover, future research could examine whether cer-
tified farms adopt different risk management strategies (e.g., 
contract farming, diversification, hedging) compared to non-
certified farms, and how these strategies interact with price and 
yield volatility. Furthermore, given the growing policy interest 
in stabilizing agricultural markets and the diverse policy in-
terventions across countries, future research could investigate 
how national policies (e.g., minimum price guarantees, sub-
sidies, or trade agreements) interact with VSS in influencing 
price and yield stability. Understanding whether these inter-
actions are complementary or conflicting would provide valu-
able insights for designing more coherent market governance 
frameworks.
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Endnotes

	 1	In localized markets, however, price volatility might be a sign of mar-
ket efficiency, as it reflects the market's ability to adapt to changes in 
yield volatility, potentially stabilizing farm incomes.

	 2	We refer to Fairtrade as the umbrella of various fair trade organiza-
tions, including but not limited to Fairtrade International, Fair Trade 
USA, Small Producer's Symbol, and Fair For Life.

	 3	Farms observed in multiple ENA waves are randomly selected for 
longitudinal follow-up from the 2012 agricultural census sampling 
frame, explicitly to enable farm-level tracking over time (INEI and 
DNCE 2025). We further assessed potential selection into the panel 
by comparing observable characteristics of panel farms with farms 
observed only cross-sectionally and found no systematic differences 
between the two groups.

	 4	The ENA is also conducted in 2014, but does not include information 
on prices, in 2021, when no data on certification was collected, and in 
2022 only for family farms which does not allow to calculate volatility 
over consecutive years. Family farms were also sampled in 2015, but 
these farms do not form a panel with subsequent years.

	 5	A conglomerate is a georeferenced minimum unit of the 2012 
Agricultural Census. In total, there are 19,264 conglomerates in 
Peru covering on average 66 km2 and 120 producers (INEI and 
DNCE 2025).

	 6	Producer prices refer to the prices received by farmers—that is, 
prices determined at the farm gate or at the first point of sale, when 
farmers act as sellers of their own products. In the ENA question-
naire, producers were asked to report prices alongside the type of 
buyer, which included a range of actors such as collectors, whole-
salers, retailers, cooperatives, agro-industrial companies, and final 
consumers. For Fairtrade-certified producers, this does not capture 
effects operating through the Fairtrade Premium, an additional pay-
ment on top of the Fairtrade Minimum Price that is collectively man-
aged by producer organizations and invested in social, economic, 
and environmental development. Part of this premium may be dis-
tributed to producers in cash; for example, in Peru this amounted 
to approximately 40% for coffee in 2019, 2%–3% for bananas in 
2017–2019, and 6% for cocoa in 2019 (Fairtrade International 2025). 
Information on Fairtrade Premium receipts and use is not available 
in the ENA survey and is therefore not included in the price (and net 
farm revenue) measure.

	 7	The ENA also includes data on annual production costs, allowing for 
the calculation of net farm revenues. While VSS might indirectly in-
fluence cost volatility—such as through shifts in input use (e.g., from 
synthetic to organic inputs)—this is not their primary objective. As 
such, we present results on the volatility of both production costs and 
net farm revenues in Supporting Information Appendix Tables A10 
and A11. For net farm revenue, volatility is calculated using absolute 
means, given that revenues can take negative values.

	 8	While the CV may become unstable when means approach zero, this 
concern is not relevant in this setting, as all outcome variables are 
positive and their means do not approach zero over the observation 
period.

	 9	The CV is a relative volatility measure that accounts for differences 
in mean levels, making it more relevant in this context than absolute 
volatility. It captures uncertainty in proportion to expected price or 
yield levels, which is particularly relevant when certified and non-
certified farms differ substantially in price or yield levels. Results based 
on absolute volatility (standard deviation) are reported in Supporting 
Information Appendix Table A14 for comparison.

	10	We use the International Livestock Research Institute's conversion 
factors (2011).

	11	Identical results are obtained using a between estimator, which is, 
however, less efficient.

	12	This can be especially the case with the recall of price data that varies 
by batch, time of sale, and especially quality.

	13	The reported prices and yields are similar to the FAOSTAT data for 
the 10 main certified crops, but omitted for brevity.

	14	While the share of certified farms is relatively small, this reflects the 
empirical distribution of certification in the population and is com-
mon in observational studies. As discussed by Alvarez et  al.  (2025), 
unequal treatment shares do not invalidate inference when the treated 
sample is sufficiently large and treated and control units exhibit ade-
quate overlap. We address these conditions by applying matching and 
inverse-probability-weighted regression adjustment, which reweight 
the control group and limit estimation to common support, ensuring 
that results are not driven by sample imbalance.
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