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Abstract: This study summarises the main agricultural policies in Russia during 2014 and uses a sharp regression 
discontinuity design over time and data from the International Trade Centre to estimate the short-term effects of 
exchange rate liberalisation in November 2014 on import prices in Russian food markets. The sharp regression 
discontinuity design over time allowed an expost analysis of the short-term causal effects of the intervention on food 
import prices and distinguishing the effect of exchange rate liberalisation between product groups and from other 
interventions without using data from control regions, products and suppliers. Significant upward shifts in import prices 
were found for pig products, fish and cheese.
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1. Introduction

Exchange rate policies are used for regulating the econ-
omies and gaining macro-stability and economic develop-
ment [1,2]. Exchange rate liberalisation is often followed by 
a short-term increase in the volatility of exchange rates [3], 
which may destabilise international trade [4-6] and prices [7]. 
Estimating the effects of exchange rate policies on food 
prices is hampered by the complexity of applied agricul-
tural policies, diversity at the level of market protection, 
quality and consumer preferences, seasonality and weather  

conditions. The effects of rouble depreciation on the Rus-
sian agricultural sector have often been mentioned in the 
studies of other interventions on Russian food markets in 
2014—permanent food bans in February, sanctions, the 
food embargo and the rouble crisis [8-10]. Most of these 
studies discuss the possible contribution of rouble depre-
ciation (Figure 1) to trade; however, these studies leave 
this effect unassessed. As Kiselev, Shagaida, Uzun and 
Tyll, among others, pointed out, Russian rouble depreci-
ation in 2014 could cause changes in Russian domestic 
food prices [11-13]. Therefore, more attention should be paid 
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to analysing the effect of exchange rate liberalisation on 
food prices in Russia in the autumn of 2014.

The hypothesis of the present study is that the exchange 
rate liberalisation in Russia in 2014 destabilised food 
import prices in the short term and that these effects were 
diverse across product groups. This hypothesis is consis-
tent with previous research (see the studies in Section 2 
and Appendix A). Therefore, the empirical strategy of the 
present study is to examine the food and trade policy in 
Russia in 2014 and to distinguish the effect of exchange 
rate liberalisation on food import prices from other poli-
cies. 

To quantify the short-term effect of the exchange rate 
regime change on the stability of food import prices in 
the Russian food markets in 2014, the present study pro-
cesses disaggregated food import price data issued by the 
International Trade Centre [14] and applies a sharp robust 
regression discontinuity design (RDD; [15-17]). The key 
assumption for using the RDD in this study is that prices 
observed close to the time of exchange rate liberalisation 
will be perfectly comparable, except that some prices ex-
perience floating exchange rates (treatment group) while 
others experience regulated exchange rates. Following the 
definition of treatment effect in RDD, ‘price stability’ in 
the present study is understood as the absence of signif-
icant price discontinuity (treatment effect) at the time of 
the intervention.

Background information on food policies in Russia and 
a review of previous studies are presented in Section 2. 
The data and the procedure for assessing the intervention 
are described in Section 3. Section 4 provides the results, 
and Section 5 concludes the study.

2. Agricultural Policy and Market Interven-
tions in Russia in 2014

Production growth and self-sufficiency were politi-
cal goals in Russia long before the trade restrictions and 
crisis in 2014. Investments in agriculture from 2003 to 
2005 provided reinforcements for agricultural producers 
in sectors where large-scale agriculture was efficient ─ 
namely, in the Russian pork, poultry and grain sectors [18,19]. 
The Russian food policy has aimed to maintain self-suffi-
ciency and food security since 2010 (Doctrine, approved 
by Presidential Decree N120 of 30.01.2010 and N20 of 
21.01.2020 [20,21]). Moreover, before 2020, Russian food 
security was defined as import independence [12,22]. Only 
in 2020 did the Doctrine redefine food security in Russian 
legislation as physical and economic access to food.

On 13 January 2014, Russia started issuing licences for 
the import of dairy whey, cattle, pork and poultry within 
the established tariff quotas for 2014 (Russian Govern-
ment Regulations N1259 and N1260 of 26.12.2013). 
From 27 to 31 January 2014, various permanent trade 
restrictions were imposed on selected countries and foods, 
namely fish imports from Vietnam, various products from 
Australia, Austria, Belgium, Bulgaria, China, Estonia, 
Germany and Italy, and various products from several 
selected enterprises in Austria, Canada, China, Moldova, 
Paraguay and the USA [23]. By the end of January 2014, 
Russia closed its market to EU live pigs, pork and other 
related products (called the pork ban in the present arti-
cle). The pork ban was investigated in the literature by, 
among others, Cheptea, Gaigné, Götz and Jaghdani [9,24] 
with using structural gravity and DCC-MGARCH models, 
respectively. De facto, in the fifth week of 2014, Russia 

Figure 1. The average weekly RUB/USD exchange rate in 2014
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permanently banned various food imports. These perma-
nent bans might lead to trivial decreases in import vol-
umes and, therefore, increases in prices. The causal identi-
fication and assessment of these effects are hampered by a 
variety of restrictions.

International economic sanctions were imposed on 
Russia starting in March 2014 and were further tightened 
throughout 2014 [8]. These decisions were related to the 
situations in Ukraine and Crimea and did not target food 
markets. However, in August 2014, the president of the 
Russian Federation introduced the food embargo as an 
‘anti-sanctions’ measure. Studies claim that, through the 
food embargo, the government restricted physical and eco-
nomic access to affordable food in domestic markets [12,22],  
which had negative consequences for real household 
incomes in Russia [25-29]. Generally, not all countries that 
supported the sanctions and not all food imports were 
immediately banned under the embargo. After the intro-
duction of the embargo, some imports were substituted; 
for instance, beef imports from the EU were substituted 
with frozen beef from Brazil [30]. After the embargo, milk 
was supplied mostly by Belarus, and vegetables and fruits 
were supplied by central and western Asian countries [14]. 
Later, production volumes increased. In 2015, Russia 
still represented 0.2% and 2% of the world’s agricultur-
al export and import volumes, respectively [31]. Both the 
sanctions and the embargo were prolonged each year for 
the following year. Therefore, the embargo and sanctions 
have been a topic of great interest in the literature since 
their imposition. 

Many previous food and trade studies have investigated 
and quantified only the embargo and not the other shocks 
of 2014. In particular, they analysed and quantified the 
effects from the perspective of the trade losses of ex-trade 
partners because a wide range of countries were affected 
and good-quality trade data were available [32-37]. Studies 
on embargo effects are still emerging and contribute to the 
literature on the quantified effects of food bans [9,10,38-41]. 

In parallel to the aforementioned policies, the Russian 
rouble to US dollar (RUB/USD) exchange rate has in-
creased sharply since July 2014 and since 1 November 
2014 has become free-floating by the decision of the Cen-
tral Bank of the Russian Federation [42]. The further de-
velopment of the exchange rate and its extreme volatility 
were later addressed as the Russian rouble crisis in 2014. 
Dreger and Wang, among others, agreed that, in addition 
to being impacted by the oil price, the rapid depreciation 
of the Russian rouble in autumn 2014 was an outcome of 
the trade disruptions [43,44]. However, Russian food imports 
accounted for only 7.5% of total Russian imports and less 
than 3% of total Russian trade [14]. Therefore, food im-

ports could not have significantly affected exchange rates. 
Rutland pointed out that the sharp decline of the Russian 
rouble in autumn 2014 followed an expansion of sanctions 
on the financial sector in mid-September and a continuous 
decrease in oil prices [8]. The works that focused on ex-
change rate effects on agricultural prices in 2014 (e.g. [45,46]) 
studied only trade prices in the grain and potato markets 
with VAR models. Sinyakov [47] studied the impact of ex-
change rate liberalisation on producers but made conclu-
sions about agricultural prices only at the sectoral level. 
The low number of studies may also be explained by the 
limited applicability of the many popular approaches to 
price investigation in the case of many interventions into 
Russian food markets in 2014 (see Appendix A). Mean-
while, exchange rates are widely regarded as one of the 
most influential factors of agricultural prices [48], such as 
resource prices, stocks, market conditions, policies, sup-
ply and demand [49].

3. Materials and Methods

3.1 Data

In this article, the studied import price in food mar-
kets is a quantity-weighted average of suppliers’ prices. 
Thus, the exclusion of one or several suppliers because 
of a loss of competitiveness, trade permission or seasonal 
production does not lead to the withdrawal of price data. 
Trade information (prices in Russian roubles and volumes 
in kilograms) for this study was obtained from the Inter-
national Trade Centre [14], and the average weighted ex-
change rate is available at the Central Bank of the Russian 
Federation. Data on the exchange rate are available daily, 
whereas import prices are documented only monthly. 
Thus, no variations in import prices in Russian roubles at 
a higher frequency were implicitly assumed. The weekly 
frequency of data allows for the exclusion of weekend 
effects and the accurate investigation of interventions. In 
the Russian market, prices in Russian roubles are obtained 
by multiplying prices in foreign currencies according to 
exchange rates at the time of imports. As the most used 
currency in Russian trade in 2014 was the US dollar, this 
study investigates the clear effect of interventions in pric-
es in US dollars. Using the weekly aggregated exchange 
rate allowed the converting of monthly import prices in 
Russian roubles back to weekly prices in US dollars, thus 
obtaining the weekly prices for imports in Russian mar-
kets. This convertation may create a price measurement 
error, as agricultural markets operate on a weekly or even 
daily frequency. However, the direction, relative size, and 
statistical significance of the discontinuities in the prices will 
remain a good indication of the short-term policy effects.
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The present study investigates fresh, dried and fro-
zen unpreserved foods, including 166 animal products 
and 114 types of roots, vegetables and fruit, defined by 
10-digit Harmonised System (HS) codes without missing 
data for the 2012-2014 period. This disaggregated level of 
trade prices defines the traded products by tariff line. For 
these tariff lines and for each of the 52 weeks in a year, 
there is an import price in Russian roubles and in US dol-
lars, totalling 29,120 observations for each studied year. 
The prices were deflated to the 2014 level to enable price 
comparisons between years. Next, the data were grouped 
into 560 sets of import prices by tariff line and currency, 
with further standardisation to the average price level in 
2014 within each set. The standardisation of prices allows 
the preservation of any existing seasonality in prices and 
a comparison of the prices and price discontinuities be-
tween products. To avoid seasonal patterns in prices, all 
standardised prices were tested for seasonality by tariff 
line using the tbats model of the forecast package in R [50]. 
This package performs a seasonality test for weekly data. 
The resulting range of products excluded 19 tariff lines 
due to seasonality.

The present study assigned each of the 261 tariff lines 
without seasonality to one of the product groups (see the 
details in Section 4 and Appendix B), described in Table 

1. As the exchange rate liberalisation happened 7 weeks 
before the end of 2014, the descriptive statistics show the 
average price levels during 7 weeks before and after the 
exchange rate policy change for each of the studied food 
groups. The levels of prices and standardised prices in-
creased in Russian roubles (RUB), while the prices in US 
dollars (USD) decreased for some product groups. The 
study employs econometric analysis to consider the trends 
in the data.

3.2 Method

The aim of this study was to identify the short-run ef-
fect of the exchange rate policy change in 2014 on food 
import price stability in Russian markets. The date of the 
exchange rate liberalisation, 1 November 2014 [42], was 
used as a cut-off point for the effect estimations. To assess 
discontinuities in the prices for each product at the time of 
the intervention, the present study uses RDD, which aims 
to imitate the experimental context at the cut-off to evalu-
ate the treatment effect locally for the subpopulation at 
the threshold (see more in [16,51]). The rdrobust function of 
the R package rdrobust was employed to implement con-
ventional local polynomial point estimators to calculate 
robust average treatment effects at the cut-off point (see 
the details in [17]).

Table 1. Descriptive statistics of the average food import prices in Russia in 2014 during the 7 weeks before and after 
the exchange rate liberalisation.

Product Group

USD RUB

Price levels Standardised price Price levels Standardised price

Before After Before After Before After Before After

Berries 2.2 2.4 98.1 99.2 88.6 123.4 100.8 132.6

Bovine and beef 7.0 6.7 101.6 98.0 281.1 348.8 105.3 131.1

Buttermilk and butter 2.5 2.3 95.2 85.1 98.2 119.1 99.6 115.3

Curd and cheese 5.6 5.6 91.8 94.0 224.0 291.5 95.5 126.2

Fish 7.1 7.1 98.4 96.6 285.8 365.2 102.0 129.3

Fruits and nuts, long storage 3.3 3.6 97.5 101.3 131.9 186.7 100.7 135.7

Fruits, fresh 1.3 1.3 89.5 93.6 51.3 69.5 93.1 126.0

Milk and cream 2.1 1.7 95.2 75.9 84.5 86.5 100.2 102.5

Pigs and pork 4.6 4.7 109.1 109.1 184.1 243.4 111.9 144.2

Poultry 2.4 2.1 113.2 96.9 96.7 106.5 117.0 129.1

Seafood 9.8 11.2 102.4 102.7 391.7 583.4 105.7 136.8

Vegetables and mushrooms, perishable 1.3 1.3 90.8 89.9 51.0 67.4 94.4 121.2

Vegetables and peas, long storage 1.4 1.4 93.3 94.8 57.5 70.3 96.7 127.5
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Formally, Yt,j,g (also addressed as Yi,g  in the present 
study) defines the standardised import prices of interest 
at time t=1...T and for tariff lines j=1...Mg within the con-
sistent product groups g=1...G; the index i is introduced 
to capture the information about time t and a tariff line j 
of each observationa. The treatment cut-off (or thresh-
old) x is the week of the intervention, and Xi is a running 
variable that counts the number of weeks to reach week 
x. Therefore, the running variable was assigned to time, 
and RDD in the present study may be called RDD in time 
(RDiT), as abbreviated by Hausman and Rapson [52]. The 
observations after treatment introduction cannot remain in 
pre-treatment conditions without exchange rate liberalisa-
tion. For this reason, the analysis is based on the sharp 
RDD rather than the fuzzy RDD, which would be appro-
priate in the case of non-compliance with a treatment.

The treatment D is a binary variable equal to 1 if Xi≥0 
(treated phase, i.e. liberalised exchange rates) and 0 other-
wise (untreated phase, i.e. regulated exchange rates). The 
exchange rate liberalisation was not driven by the same 
confounders as food import prices and might not have af-
fected the traded volumes, as those could be provided by 
other suppliers (see Section 2). Importers could not ma-
nipulate the assignment to the exchange rate regimes (this 
is important for locally randomized treatment in RDD, see 
the discussion by Lee and Lemieux [53]). Therefore, ex-
change rate policy change is assumed to be an exogenous 
treatment on prices. 

A positive bandwidth h is the number of weeks before 
or after the time of the intervention. Therefore, the re-
striction -h ≤ x ≤ h defines the window of the estimation, 
which is always balanced in this study and always covers 
an equal number of comparable observations in the treated 
and untreated phases. A set of assumptions is required 
to conduct estimations in time. The lengths of the band-
widths in RDD should follow the localisation assump-
tion: the windows of the estimations must cover a small 
period with equal expectations for pre-treatment covari-
ates. In addition, the estimation windows should be nar-
row enough to exclude the effects of other interventions. 
To fulfil these assumptions, the sum of the bandwidths 
for the pair of neighbouring interventions cannot exceed 

a Calonico et al. [17] use index i for random observations from a large 
population. Each price in the present study is a quantity-weighted 
average of suppliers’ prices for tariff line j and time t (see ‘Data’ section). 
In addition, the studied prices were selected from a large population 
according to data completeness within tariff lines during the period 
2012-2014. Therefore, in this study, additional tests on randomness 
of observations with index i were required and conducted for studied 
groups and estimation windows (Appendix D). The results of these 
tests show that most correlations of tariff lines and most correlations of 
observations within tariff lines do not exceed the bandwidth of white 
noise.

the number of weeks between these interventions. In the 
context of the present study, there were only 13 weeks 
between the embargo and the exchange rate liberalisation 
and only 7 weeks between the exchange rate liberalisation 
and the extension of the embargo to Ukraine. This study, 
therefore, uses the bandwidths from the minimal h=3 to 
the maximum h=7 and tests for one common optimal (by 
mean square error) bandwidth for the treatment effect 
estimatorb. All the effect estimations are then relevant 
in the short term covered by the window of estimation, 
the optimal bandwidth is preferential and the second best 
bandwidth is h=3. The narrower window of the estima-
tion allows for better comparability of the observations 
around the threshold and reduces spillover effects, i.e. the 
potential bias in the effect estimates if the previous inter-
ventions had stronger effects on the non-treated window 
than on the treated window. Using the narrow window of 
estimation allows for reducing the difference between the 
earliest and the latest observations in terms of possible ef-
fects of previous interventions.

An RDD should not be conducted with less than 100 ob-
servations for each estimation to rely on asymptotics [16,52].  
To ensure the required number of observations for the 
chosen values of h, the present study gathered the 261 tar-
iff lines without seasonality into consistent product groups 
g=1...G (Appendix B), providing around 100 observations 
for each estimation. To concentrate the tariff-line levels 
of a standardised price around their average within the 
selected window and to consider the possible discontinui-
ties (or effects) from previous interventions, the tariff-line 
fixed effects βj were included in the function. Grouping 
the tariff lines into product groups and using fixed effects 
on standardised variables allows the concept of RDiT to 
be moved towards RDD with a lot of sampling of random 
unitsc.

For each product group, RDD uses a narrow estimation 
window around the cut-off and builds p-order local poly-
nomials used to construct the point estimator (and a q-order 
local polynomials used to construct the bias correction) 
for the observations before week x and for the observa-
tions after week x. For each product group g, the rdrobust 
function of the rdrobust R package used Yi,g, Xi,  h, p, q to 
produce the assessment of the effect of the intervention 
(a weighted average treatment effect) ˆgτ . The magnitude 
and the significance of ˆgτ  were the interest of the present 

b As advised by Lee and Lemieux [51], the present study employs the 
‘uniform’ kernel function (rectangular kernel) and tests the specification 
with a variety of bandwidths, instead of trying out different kernels that 
are more difficult to interpret.
c See also Appendix D for the results of the tests on correlations within 
and between tariff lines.
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study. The sharp RDD calculates the effect estimate as fol-
lows: 

 = lim
→� (+)

  1  = ] − lim
→� −

  0  = ] , � (1)

where Yi(1) and Yi(0) denote the potential outcomes with 
and without treatment, respectively, and the local polyno-
mials used to construct the point estimators are denoted 
as   0  = ]

  1  = ]

 for the observations before week x 
and 

  0  = ]

  1  = ] for the observations after week x. 
Furthermore, x → x (+) and x → x (-) means approaching 
the threshold x from above and below in terms of values 
of x. In other words, the method builds the functions be-
fore and after the cut-off point, calculates the expected 
values of these functions infinitely close to the cut-off 
point and delivers the difference between these values. 
The key question while building these polynomials is a 
choice of the value p. Lee and Lemieux [53] argued that us-
ing low-order polynomials may result in biased results in 
the RDD designs. However, this argument was produced 
for the data without a time component in a running vari-
able. This study used a polynomial of the first order (linear 
trend, p=1, q=2) following the assumption that the clouds 
of prices developed linearly shortly before and after the 
week of intervention. This assumption is more likely to be 
satisfied in practice compared to the alternative scenarios, 
namely quadratic, cubic or higher-order polynomial price 
trends over time. The higher-order polynomials reach infi-
nite values much faster than linear trends. As each price is 
a market equilibrium identifier and this study uses group-
ing, the narrow estimation windows and both the stand-
ardisation and fixed effects across tariff lines, the assump-
tion that the food import prices would evolve linearly may 
be most plausible among other alternatives of the designd. 

This study assumes the absence of cross-observation 
effects on each outcome (the assumption of no interfer-
ence) and that the correlations are considered with a linear 
approximation and fixed effects in the clouds of observa-
tions. The assumption of consistency (no treatments at the 
cut-off, except for the studied treatment) is met, as other 
trade regulations were not introduced in the same week as 
the exchange rate policy changed. Another interpretation 

d In the setting of this study, Mg >2h+1 for most product groups g and 
bandwidths h, which means that we are dealing with panel data rather 
than time series. The only exception is the ‘Pigs and pork’ product group 
that contains only 11 tariff lines; therefore, it also has only 77 observa-
tions for h = 3 and 99 observations for h = 4, which are slightly fewer 
than recommended. Modelling prices using time polynomials of order 
higher than 1 is not widely accepted among statisticians. Lower-order 
polynomials reduce the power of RDD, but allow modelled price to 
behave similar to real price over time, which means that real prices are 
unlikely to change to infinite values as high-order polynomials do.

of the consistency assumption, namely, ‘no such changes 
in weather and emissions from other industries that may 
change at the same time as the policy change’, as advised 
by Hausman and Rapson [52] (p. 7), is met in the present 
study, as prices with the seasonality were excluded from 
the sample and other food and trade policies were not 
found to be implemented during the period of estima-
tion. The exchange rate liberalisation in Russia in 2014 
was introduced on a Saturday, so issues regarding mid-
week policy activations (e.g. [54]) could be avoided. The 
described data processing allowed the collection of the 
minimum number of observations around the cut-off to 
meet the identifiability and positivity assumptions. The 
unconfoundedness assumption is assumed to hold locally 
around the threshold, as the intervention and the outcome 
prices did not have observable common confounders.

Significant price discontinuities may occur periodically 
at the start or end of the harvest season. Therefore, the 
present study carries placebo estimations (see the discus-
sion by Hausman and Rapson [52]) for the week that con-
tains the same day and month (1 November) in a previous 
year (Appendix C), when such active trade and monetary 
policies were not performed. The placebo tests resulted in 
mostly insignificant coefficients for all the studied product 
groups. 

4. Results

4.1 Descriptive Evidence

For descriptive evidence, the period-averaged stan-
dardised data for tariff lines within product groups ob-
served three weeks before and three weeks after the inter-
vention are visualised in the violin plots in Figure 2. The 
three lines in the plots mark the first, second (median) and 
third quartiles, while the shape illustrates the kernel prob-
ability density of the data. Prices are depicted separately 
for the periods before and after the exchange rate liberal-
isation in two currencies: Russian roubles (RUB) and US 
dollars (USD).

Differences in the shapes of corresponding plots in 
different currencies are driven only by weekly currency 
effects. The graph shows a slight upward shift in import 
prices and a higher magnitude of most prices after the 
intervention. The concentration of standardised prices in 
the 50%~150% range shows that many import prices in 
Russia were far from the yearly average before and after 
exchange rate liberalisation. The diversity of plot shapes 
justifies the RDD estimations for the various products sep-
arately. The magnitude of price fluctuations justifies the 
usage of tariff line fixed effects.
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4.2 RDD Estimation Results

This study employed RDiT to estimate the short-term 
effects of the exchange rate policy change on food import 
prices in Russia in 2014. Table 2 presents the information 
on the RDiT and the estimates obtained for the different 
bandwidths. The number of observations for each esti-
mate is equal to Mg * (2h+1) and increases with the higher 
number of tariff lines Mg included in product group g and 
the wider bandwidth h. In the present study, the number of 
observations for the optimal bandwidth is above 100 for 
all products except ‘pigs and pork’. The number of obser-
vations used for the RDiT ranges from 77 to 420 per prod-
uct group, which can be considered rather low. Therefore, 
the results should be interpreted with caution. This section 
provides the interpretation of the estimates obtained by 
RDiT with optimal bandwidths and discusses the robust-
ness of the effects (the significance and magnitude) across 
different bandwidth values. Placebo tests are presented in 
Appendix C. 

The significant estimations show that the exchange rate 
liberalisation led to import price increase for several prod-
uct groups. The prices of pig products, fish and fresh fruit 
in US dollars increased by 8.2 p.p., 5.5 p.p. and 12.9 p.p., 
respectively. These effects were twice as strong in Russian 
roubles, according to the same specification performed on 
standardised monthly invariant prices in Russian roubles. 
In addition, the exchange rate policy change resulted in 
sharp increases in the prices of curd and cheese (by 11.7 

p.p.), berries (by 15.1 p.p.) and long storable fruits and 
nuts (by 3.7 p.p.), but only in Russian roubles. The RDiT 
has shown that the policy effects depend on the currency 
of studied prices and have smaller magnitude than the av-
erage difference in price levels before and after the inter-
vention (Table 1). The price volatilities in the food groups 
of berries, milk and perishable vegetables were high in the 
studied period; therefore, the potential shift in the prices 
of milk and perishable vegetables after exchange rate lib-
eralisation was insignificant.

The robustness of the estimations was checked using 
various bandwidths. For pig products, fish and curd (and 
cheese), the effect estimations had the same sign and were 
statistically significant across most bandwidth choices. 
Insignificant effects across various bandwidths were ob-
served for poultry, milk and cream, buttermilk and butter 
and perishable vegetables. The prices of these products 
did not experience significantly stronger policy effects 
as compared with their volatilities. For vegetables and 
berries, the significance of the effect on prices decreased 
with wider bandwidth. For other product groups, the ef-
fects might be even more ambiguous. The comparison of 
the magnitudes of the estimations for various bandwidths 
within each product does not allow concluding about any 
tendency. Nevertheless, placebo tests presented in Ap-
pendix C did not reveal any significant effect for the same 
method conducted for the threshold on 1 November 2013 
(except weakly significant discontinuity for fish [h = 5], 
which may be neglected).

Figure 2. Violin plots for the average standardised food import prices in Russia in 2014, 3 weeks before and after the 
exchange rate policy change.
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Table 2. Descriptive statistics of the average food import prices in Russia in 2014 during the 7 weeks before and after the exchange rate liberalisation.

Robust discontinuity estimation ( ) on weekly observations (obs.) in percentage points to the average price level in 2014.

(standard error)

Product

Number of 
tariff lines 
and optimal 
h

Number of 
observations 

h = 3 h = 4 h = 5 h = 6 h = 7

optimal h h = 7 USD RUB USD RUB USD RUB USD RUB USD RUB

Bovine and beef 20 and 3 140 300 0.1(4.7) 6.9(5.2) –1.9(4.9) 1.9(5.4). –5.9(5.8). –3.2(6.3)** –4.2(5.9) –3.3(6.4) –4.8(5.8) –1.7(6.3)

Pigs and pork 11 and 3 77 165 8.2(5.6)* 16.8(5.6)** 7.2(5.2). 12.7(5.2)** 3.8(5.5)* 8.3(5.5)*** 5.8(5.7) 8.2(5.6)** 4.7(5.7) 9.5(5.6)*

Poultry 23 and 4 207 345 –2(4.3) 4.8(4.8) –2(4.7) 2.4(5.3) –1.9(5.6) 1.7(6.2) 0.2(5.8) 2(6.3) –1.2(5.6) 2.6(6.1)

Fish 28 and 3 196 420 5.5(3.4)* 13(3.6)*** 4.3(3.3)* 9(3.5)*** 2(3.5)** 5.8(3.7)*** 3.9(3.5) 5.8(3.7)*** 3(3.5) 7(3.7)*

Seafood 18 and 4 162 270 6(6.3) 13.6(7.1). 4.2(6.6) 8.6(7.4)* 1.1(8.3)* 4.43(9)** 3(8.7) 4.5(9.4). 2.2(8.4) 6(9.1)

Milk and cream 25 and 5 275 375 –3.3(7.8) 1.9(8.9) –2.2(8.6) 1.3(9.8) –0.8(9.4) 2.3(10.7) 0.9(9.5) 2.5(10.7) –0.6(9.3) 2.5(10.4)

Buttermilk and butter 16 and 3 112 240 –3.2(2.6) 2.2(2.9) –5.5(2.7) –2.9(3) –4.8(3.2). –3(3.6) –2.3(3.4)* –2.2(3.7) –3.2(3.3) –1.1(3.6)

Curd and cheese 20 and 4 180 300 8.1(6). 15.8(6.7)* 6.7(6.6). 11.7(7.6)** 3.9(7.8)* 7.9(8.8)*** 5.6(7.9) 7.9(8.8)* 4.8(7.7) 9.2(8.5)

Vegetables and 
mushrooms, fresh

 24 and 3° 168 360 0.9(8.9) 6.8(9.7) –2.5(9.1) 0.1(9.9) –3.6(10.3) –2(11.2) –1.2(10.6) –1.3(11.4) –1.7(10.4) 0.4(11.2)

Vegetables and peas, 
long storage

 24 and 3° 168 360 8.4(6.8) 15.8(7.6)* 5.7(7.3) 9.9(8.2)* 7.3(9.1) 10.7(10). 10.2(9.4) 11.7(10.3). 9.3(9.2) 12.9(10)

Berries 17 and 4 153 255 12.8(8.9). 21.1(9.7)* 10(9.4). 15.1(10.5)* 16(10.6) 20.1(11.7) 19.8(10.9) 21.8(11.9) 18.5(10.6) 22.7(11.5).

Fruits, fresh  16 and 3° 112 240 12.9(7.8)* 20.6(8.8)* 10.5(8). 15(9)** 13.6(9.2) 17.2(10.1). 16.7(9.4) 18.4(10.3). 15.6(9.2) 19.5(10.1).

Fruits and nuts, long 
storage

18 and 4 162 270 4.1(6.8) 11.2(7.7) 0.3(7.7) 3.7(8.8)* –2.2(9.4) 0(10.5)* 0.2(9.7) 0.5(10.7) –0.2(9.3) 2.5(10.2)

Notes: ‘***’, ‘**’, ‘*’ and ‘.’ denote p-values less than 0.001, 0.01, 0.05 and 0.1, respectively. 3° - means that the optimal bandwidth was below 3 and, therefore, the study uses the 
minimum bandwidth h = 3. The product ‘Vegetables and peas, long storage’ includes categories of frozen and dried crops, as well as products that may be stored during a year after 
harvest until the next harvest (root vegetables and cabbage). The vegetable category also includes tomatoes, peas, beans and mushrooms. More details on the grouping are presented 
in Appendix 4.2. The prices for tomatoes, cucumbers, peppers and apples were the maximum prices across the corresponding seasonal tariff lines for these products. Within the time 
windows, no other interventions take place.



60

Research on World Agricultural Economy | Volume 03 | Issue 03 | September 2022

4.3 The Benefits and the Limitations of the Study

In contrast to other studies (see Section 2), the RDiT 
in the present study quantifies a price discontinuity at the 
time of the intervention by using observations of only a 
few weeks before and after the intervention. As a before-
and-after analysis under quasi-experimental assumptions, 
the applied RDiT offers five main improvements com-
pared with other techniques. First, RDiT takes trends into 
account when measuring discontinuities in the outcomes. 
RDiT performed with the R package rdrobust allows for 
relatively easier customisation of the properties of the 
expected polynomials compared with other statistical ap-
proaches. Second, RDiT enables statistical justification 
of the estimation window by using additional internal 
functions for optimal bandwidth selection. This tool is 
useful for interpreting the results, especially when the ef-
fect estimates and their significance are not stable across 
different estimation windows. Third, RDiT enables the 
evaluation of policies under conditions such as the Rus-
sian markets in 2014, when the time window in which a 
single policy effect can be estimated is extremely narrow. 
Whereas most methods cannot provide causal estimates of 
the effects under such conditions, RDiT benefits from this 
situation because it relies mainly on observations that are 
close to the time of the intervention. Fourth, RDiT enables 
the effect estimates for specific interventions when the re-
searcher has limited ability to obtain a control group. This 
advantage reduces the data and matching routines and is 
key for obtaining effect estimates in many cases when the 
control group is not available. Finally, RDiT allows for a 
causal interpretation of the results, which is becoming in-
creasingly important in policy evaluation studies. 

Most of the limitations of this study relate to the data. 
The trade data do not allow for precisely distinguishing 
between the traded products by quality, although the pre-
sented method already allows comparisons of the effect 
estimates for products of different quality. The second 
limitation relates to the available data frequency, which 
is lower than required for this analysis but was corrected 
in this study by converting between the currencies. De-
spite a potential error in price measurement after price 
conversion, the RDiT found significant discontinuities at 
the time of the policy intervention in 2014 and showed 
no significant discontinuities in placebo tests. Thus, there 
is no violation of the RDD, and one can at least infer the 
significance and relative size of the effects. The third 
limitation of this study concerns the number of observa-
tions used for each estimate in this study, which ranges 
from 77 to 420 per product group and may be considered 
low by practitioners. The number of observations in this 

study was limited by (a) the window of estimation, which 
should be as narrow as possible, and (b) the possibili-
ties of mixing food tariff lines in such a way that they 
remain comparable within a product group. Therefore, 
this study used estimation windows with more observa-
tions, presented the results for many bandwidth options 
and highlighted the best possible estimates (with optimal 
bandwidth) given the available data. Nevertheless, the 
results should be interpreted with caution. The fourth 
limitation of the study is that the possible correlations in 
the clouds of observations were neglected by the applied 
RDiT when creating the polynomials for estimation. The 
correlations between the observations were tested in Ap-
pendix D. These tests did not reveal any critical violations 
of the RDD for narrow windows. Fifth, while the narrow 
optimal window allows for a causal interpretation of the 
results, the estimates of short-run effects do not take into 
account the consequences of exchange rate liberalisa-
tion such as market panics and other medium-run effects 
that may occur after the studied period. These effects are 
beyond the scope of this study. Finally, the use of linear 
trends in this study follows the tradition of price model-
ling with other modelling tools. The possibility of using 
higher-order polynomials in RDiT requires more statisti-
cal studies in the future.

5. Discussion and Conclusions

The main message of the present study is that the ex-
change rate liberalisation (1 November 2014) in Russia in 
2014 triggered several significant discontinuities in food 
import prices. These discontinuities ranged from +3 to 
+21 percentage points to the average price level in 2014, 
and these effects varied depending on the studied curren-
cy. Pig products, fish and cheese experienced significant 
policy effects in import prices, while poultry, milk and 
cream, buttermilk and butter and perishable vegetables 
did not. Berries, milk and perishable vegetables experi-
enced high volatility during the studied period; therefore, 
the relatively weaker discontinuities in prices that could 
potentially be introduced by exchange rate liberalisation 
were insignificant. The results of this study suggest that 
many food import prices increased after exchange rate 
liberalisation, but do not suggest that the stronger rouble 
would move prices back to pre-2014 levels. Instead, the 
method of the present study provides an ex-post product-
by-product estimation of the short-term effects of the 
intervention on prices and does not have major predictive 
power. 

Previous studies that described the events of 2014 in 
Russia also revealed food price destabilisation in Russian 
markets. However, the models used for previous estima-
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tions did not allow distinguishing the effects of trade bans 
and currency policy on food prices (Section 2). Conse-
quently, all the final effects were interpreted as the effects 
of the embargo and sometimes explained with Russian 
rouble depreciation without precise quantitative evidence 
of exchange rate policy liberalisation. Exceptions are, 
for instance, Loginova and Irek [55], who examined only 
meat markets and were rather focused on vertical price 
transmission than on price stability, and also Loginova 
and Mann [56], who studied price stability in the long term 
and in conditions of various agricultural institutions. The 
present study attempted to fill this gap for Russian food 
import prices, and the setting used in the present study 
was valuable for assessing the effects of the intervention 
far enough (in time) from other interventions. 

Few food import prices in Russia experienced seasonal-
ity patterns; however, most producer and consumer prices 
did not pass RDiT assumptions because of seasonality. 
For series without seasonality, the approach in a present 
study may help to solve many interventions’ short-term 
causal effect estimation tasks in times of change, because 
ensuring non-overlapping estimation windows and group-
ing the series by clear criteria are often much easier in 
practice than searching for and adopting a control group. 
Future studies should also attempt to benefit from using 
more frequent and disaggregated data compared to this 
study, because the higher amount of observations would 
allow for more reliable results.

This paper summarises the policies in Russian agricul-
tural sector in 2014 and examines the impact of exchange 
rate liberalisation on food import price stability. The ex-
change rate growth significantly increased the prices of 
several products in Russia in 2014. The study advises pol-
icymakers to be cautious in terms of exchange rate regula-
tion and to expect structural changes in agricultural trade 
when exchange rates experience extremes. This means 
that decisions taken regarding exchange rates should 
consider their potential impact on food security. The pre-
sented technique of effect estimation is useful for policy-
makers, decision makers and businesspersons, especially 
for short-term market risk analysis in times of change.
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Appendix A 

Applicability of the approaches to studying ex-
change rate liberalisation

As Section 2 describes, Russian markets experienced 
many interventions in 2014. Most techniques employed 
on Russian markets in 2014 would depict the effects of 
the bulk of events but not the effect estimates of exchange 
rate liberalisation. The panel data models performed on 
weekly and higher-frequency data allow the decomposi-
tion of the price (index) magnitude across a set of charac-
teristics and fixed effects (e.g. [57,58]), which requires highly 
detailed datasets and a fit of the strong assumptions be-
hind their design. In such a setting, the intervention would 
be a classifier rather than a cause. Auto regression (AR) 
models and their modified versions are frequently used for 
studying prices (e.g. [59]), interdependencies of exchange 
rate and trade in time (e.g. [60-62]) and the effects of real ex-
change rate depreciation on prices [63]. However, in the AR 
design, short-term volatility during the structural change 
may be treated as an error of the model. In the Russian 
food markets in 2014, such volatility was observed often 
enough to violate the AR design.

Causal and experimental methods is a good alternative 
for complicated time-series methods, when the main ques-
tion is focused at the time of change (see the discussion by 
Lechner [64]). However, causal techniques require a control 
group, which should be comparable to the treated group 
and consistent with pre-trend assumptions (see the dis-
cussion by Roth [65]). A mass treatment effect of exchange 
rate liberalisation on trade withdraws the opportunity to 
find untreated import flows for difference-in-differencese. 
The regression discontinuity design appears to be useful 
for policy effect estimation (see the examples in [53,54]) in the 
mentioned conditions, as it entails local regression, which re-
quires the available data for Russian markets. The RDD was 
developed for individual data and requires adoption to study 
prices in time. How RDiT can be implemented to provide an 
answer to the research question is described in Section 3. The 
result is a change in price levels and trends, so that the un-
derstanding of price stability in this study is consistent with 
Barrett and Bellemare’s [66] view of the food price issue.

e Regional open data for Russian imports are available only for the 
three years before the time of requesting the data from the Russian cus-
toms services. For difference-in-difference or synthetic control, these 
data require a control group from comparable neighbouring regions of 
other countries. Besides increasing complexity, this negates the oppor-
tunity to study interest at the country level and violates stable unit treat-
ment value assumption (SUTVA). The prices in the regions around the 
Russian border do interrelate, as the trade there was intensive and even 
increased after the trade restrictions towards the EU were implemented. 
Within Russian data only, the control groups between tariff lines would 
not be precise, as similar products are traded within the same tariff line. 
The control groups between trade partners may violate comparability of 
countries by climate, production, quality and pricing mechanisms.
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Appendix B

Table A1. Food tariff lines within product groups

Product group
Number of 
tariff lines

HS codes

Berries 17

0810100000, 0810201000, 0810303000, 0810403000, 0810405000, 0810409000, 0810902000, 0811109000, 
0811203100, 0811203900, 0811205100, 0811205900, 0811209000, 0811905000, 0811907500, 0811908000, 
0811909500
Seasonality: 0810209000, 0810500000, 0810700000

Bovines and beef ° 20
0201202001, 0201202008, 0201300004, 0201300005, 0202100001, 0202100008, 0202209001, 0202305004, 
0202309004, 0202309005, 0202309008, 0204229000, 0204230000, 0204410000, 0204429000, 0204431000, 
0204439000, 0206210000, 0206220009, 0206299100

Buttermilk and butter ° 16
0403905102, 0403905109, 0403905302, 0403905309, 0403905900, 0403906100, 0403906300, 0403906900, 
0403909100, 0403909900, 0405101100, 0405101900, 0405109000, 0405203000, 0405209000, 0405901000

Curd and cheese ° 20
0406102002, 0406102003, 0406102009, 0406108000, 0406209000, 0406303100, 0406303900, 0406409000, 
0406900100, 0406901301, 0406901500, 0406901800, 0406902100, 0406902500, 0406903209, 0406906900, 
0406907300, 0406907800, 0406908600, 0406908700, 0406908800, 0406909909

Fish 28

0302118000, 0302140000, 0302230000, 0302240000, 0302820000, 0302841000,
0302851000, 0302853000, 0302891080, 0302893900, 0302895000, 0303130000,
0303142000, 0303149000, 0303510000, 0303533000, 0303541000, 0303661200,
0303661900, 0303897000, 0303909000, 0304499000, 0304610000, 0304741500,
0304750000, 0304860000, 0304991000, 0304992300
Seasonality: 0304870000

Fruits and nuts, long 
storage

18

0801110000, 0801120000, 0801190000, 0801220000, 0801320000, 0802129000,
0802220000, 0802320000, 0803909000, 0804100009, 0804209000, 0805400000,
0805509000, 0806209000, 0813100000, 0813200000, 0813300000, 0813409500,
Seasonality: 0802510000, 0805205000, 0805501000, 0805900000

Fruits, fresh 16
0803901000, 0804100001, 0804201000, 0804300001, 0804500001, 0805102000, 0805201000, 0806101000, 
0806109000, 0806203000, 0807190000, 0807200000, 0808108000, 0808309000, 0809301000, 0810907500
Seasonality: 0804400000, 0807110000, 0809309000, 0809400500

Milk and cream ° 25

0401101000, 0401201109, 0401201900, 0401209109, 0401209900, 0401401000, 0401501100, 0401503900, 
0402101900, 0402211900, 0402219900, 0402911000, 0402991000, 0402993100, 0403101100, 0403101300, 
0403105100, 0403105300, 0403109100, 0403109300, 0403901300, 0403903300, 0404100200, 0404100400, 
0404101400, 0404104800, 0404902100, 0404902300, 0404908300

Pigs and pork 11
0203211001, 0203211009, 0203221101, 0203221109, 0203291501, 0203295501, 0203295502, 0203295901, 
0206410009, 0209101100, 0210198100
Seasonality: 0203291301

Poultry 23

0207111001, 0207113009, 0207119001, 0207119009, 0207129009, 0207135001, 0207141001, 0207141009, 
0207142001, 0207142009, 0207143009, 0207144009, 0207145001, 0207146001, 0207146009, 0207147009, 
0207149109, 0207149909, 0207271001, 0207271009, 0207273009, 0207276009, 0207428009
Seasonality: 0207451009, 0207456109

Seafood ° 18
0305391000, 0305399090, 0305410000, 0305430000, 0305595000, 0305598000, 0306169900, 0306179200, 
0306179900, 0307299000, 0307493800, 0307495900, 0307499900, 0307591000, 0307609000, 0307910000, 
0307991700, 0307998000

Vegetables and 
mushrooms, perishable

24

0702000000, 0703109000, 0703900000, 0704100000, 0704909000, 0705110000, 0705190000, 0707000500, 
0708100000, 0708200000, 0709200000, 0709300000, 0709510000, 0709599000, 0709601000, 0709700000, 
0709931000, 0709939000, 0709991000, 0709992000, 0709995000, 0710300000, 0710400000, 0710805100
Seasonality: 0705290000, 0709609900

Vegetables and peas, 
long storage

24

0701909000, 0703101900, 0703200000, 0704901001, 0704901009, 0706901000, 0706909009, 0709400000, 
0710210000, 0710220000, 0710806100, 0710806900, 0710808500, 0710809500, 0710900000, 0712200000, 
0712310000, 0712320000, 0712390000, 0712903000, 0712905000, 0712909000, 0713200000, 0713339000, 
0714201000
Seasonality: 0706100001, 0706909001

Note: Product descriptions are available in [14]; products with possible seasonality were excluded. ° Seasonality: none
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Appendix C 

Table A2. Placebo tests and robustness checks for the results in Table 2

Product ( )
h = 3 h = 4 h = 5 h = 6 h = 7

USD RUB USD RUB USD RUB USD RUB USD RUB

Bovines and beef
2.3
(3.7) 

2.3
(3.7) 

2.8
(4) 

2.8
(4) 

4.3
(4.4) 

4.3
(4.4) 

4.5
(4.5) 

4.5
(4.5) 

4.3
(4.4) 

4.3
(4.4) 

Pigs and pork
2.6
(2.8) 

2.6
(2.8) 

2.9
(3) 

2.9
(3) 

3.6
(3) 

3.6
(3) 

3.6
(2.9) 

3.6
(2.9) 

3.5
(2.9) 

3.5
(2.9) 

Poultry
2.9
(3.3) 

2.9
(3.3) 

2.6
(3.2) 

2.6
(3.2) 

3.9
(3.4) 

3.9
(3.4) 

4.1
(3.5) 

4.1
(3.5) 

4.1
(3.5) 

4.1
(3.5) 

Fish
4
(2.9).

4
(2.9)

4.5
(3) 

4.5
(3) 

3.4
(3.4).

3.4
(3.4)*

3.2
(3.5) 

3.2
(3.5).

3.2
(3.4) 

3.2
(3.4) 

Seafood
–0.1
(4.5) 

–0.1
(4.5) 

–1
(4.7) 

–1
(4.7) 

–0.3
(5) 

–0.3
(5) 

–0.03
(5) 

–0.03
(5) 

0.1
(4.9) 

0.1
(4.9) 

Milk and cream
–2.3
(7) 

–2.3
(7) 

–3.9
(7.3) 

–3.9
(7.3) 

–4.2
(7.3) 

–4.2 
(7.3) 

–4
(7.3) 

–4
(7.3) 

–3.6
(7.2) 

–3.6
(7.2) 

Buttermilk and butter
3.8
(3.6) 

3.8
(3.6) 

3.4
(3.7) 

3.4
(3.7) 

4.4
(4.5) 

4.4
(4.5) 

4.6
(4.6) 

4.6
(4.6) 

4.6
(4.5) 

4.6
(4.5) 

Curd and cheese
4.2
(5.4) 

4.2
(5.4) 

3.5
(5.5) 

3.5
(5.5) 

5.7
(8) 

5.7
(8) 

6.2
(8.5) 

6.2
(8.5) 

6.2
(8.2) 

6.2
(8.2) 

Vegetables and mushrooms, perishable
1.1
(4.9) 

1.1
(4.9) 

0.1
(5.2) 

0.1
(5.2) 

0.9
(5.2) 

0.9
(5.2) 

1.1
(5.2) 

1.1
(5.2) 

1.3
(5.1) 

1.3
(5.1) 

Vegetables and peas, long storage
–4
(4.7) 

–4
(4.7) 

–4.8
(4.8) 

–4.8
(4.8) 

–6.8
(6.2) 

–6.8
(6.2) 

–7
(6.4) 

–7
(6.4) 

–6.7
(6.3) 

–6.7
(6.3) 

Berries
–10.2
(7.7) 

–10.2
(7.7) 

–10.8
(7.7) 

–10.8
(7.7) 

–11.7
(8) 

–11.7
(8) 

–11.7
(8).

–11.7
(8) 

–11.5
(8).

–11.5
(8)

Fruits, fresh
5.7
(6) 

5.7
(6) 

5.2
(6.2) 

5.2
(6.2) 

6.8
(6.8) 

6.8
(6.8) 

7.2
(6.9) 

7.2
(6.9) 

7.1
(6.8) 

7.1
(6.8) 

Fruits and nuts, long storage
0.4
(3.8) 

0.4
(3.8) 

0.8
(4.1) 

0.8
(4.1) 

1.2
(4.4) 

1.2
(4.4) 

1.2
(4.4) 

1.2
(4.4) 

1
(4.3) 

1
(4.3) 

Note: ‘***’, ‘**’, ‘*’ and ‘.’ denote p-values less than 0.001, 0.01, 0.05 and 0.1, respectively. The date of 1 November 2013 was used 
as a cut-off point for placebo estimations. The prices with insignificant discontinuities (p-value > 0.05) were considered stable. The 
effect of exchange rate liberalisation was equal to the estimated coefficient for data in 2014 if the coefficient in the placebo test was 
insignificant. In the case of significant placebo estimations, this approach might have introduced a pre-testing problem, as only the 
results for non-significant placebo tests would be kept (Roth, 2020). However, the placebo estimations for the studied import price 
groups and bandwidths were insignificant, except for a few weakly significant estimations for fish.
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Appendix D 

Table A3. Testing the correlations within and between tariff lines

USD RUB

h = 3 h = 4 h = 5 h = 6 h = 7 h = 3 h = 4 h = 5 h = 6 h = 7

Number of observations per tariff line 7 9 11 13 15 7 9 11 13 15

White noise, if the absolute correlation is lower than
(white noise bandwidth) 0.756 0.667 0.603 0.555 0.516 0.756 0.667 0.603 0.555 0.516

AR(1) within tariff lines
Number of tariff lines behaving as white noise (by ACF, 1st lag) divided by number 
of tariff lines within the group *100%

All data 100 83.8 74.2 58.5 30.7 96.5 100 69.2 13.8 0

Bovines and beef 100 85 90 75 55 95 100 65 15 0

Pigs and pork 100 81.8 72.7 63.6 54.5 100 100 54.5 0 0

Poultry 100 86.9 52.1 39.1 13 100 100 82.6 21.7 0

Fish 100 85.7 78.5 82.1 67.8 100 100 60.7 0 0

Seafood 100 88.8 77.7 61.1 27.7 100 100 66.7 16.7 0

Milk and cream 100 80 56 24 12 88 100 84 20 0

Buttermilk and butter 100 75 62.5 62.5 25 87.5 100 93.75 12.5 0

Curd and cheese 100 90 100 90 40 100 100 60 10 0

Vegetables and mushrooms, perishable 100 75 66.7 37.5 8.3 100 100 62.5 29.1 0

Vegetables and peas, long storage 100 95.8 83.3 58.3 25 100 100 58.3 4.1 0

Berries 100 82.4 70.6 58.8 17.6 88.2 100 64.7 17.6 0

Fruits, fresh 100 75 68.8 50 18.8 93.7 100 68.7 25 0

Fruits and nuts, long storage 100 83.3 88.9 66.7 38.9 100 100 77.7 5.5 0

Correlation between tariff lines
Number of absolute correlations between tariff lines within the group that do not 
exceed the white noise bandwidth divided by total number of correlations between 
tariff lines within the group *100%

All data 93.3 94.5 95 95 94.6 90.3 93.7 94.9 94.9 95

Bovines and beef 95.8 93.2 97.4 93.6 94.2 87.4 94.2 92.1 94.7 94.2

Pigs and pork 94.5 92.7 92.7 96.4 90.9 92.7 92.7 89 94.5 92.7

Poultry 90.5 94.1 94.9 91.7 94.1 94.4 94 95.2 95.6 93.3

Fish 93.3 94.7 94.4 96 94.2 96.5 92.3 94.4 94.7 95.2

Seafood 95.4 95.4 94.1 96 95.4 96.1 95.4 91.5 92.8 94.7

Milk and cream 90.6 94.6 93.6 97 94.6 74.6 93 95.6 96.3 96.7

Buttermilk and butter 93.3 92.5 91.6 95.8 94.1 75.8 89.2 97.5 95 98.3

Curd and cheese 94.2 95.8 93.2 95.8 95.3 94.7 93.1 94.7 94.2 95.7

Vegetables and mushrooms, perishable 95.6 93.1 96.4 93.8 94.2 98.2 94.2 96 95.6 94.2

Vegetables and peas, long storage 93.1 96.7 97.1 96.3 93.4 96.7 94.5 94.9 94.2 94.9

Berries 92.6 95.5 95.5 94.8 96.3 75.7 93.4 96.3 95.6 92.6

Fruits, fresh 90.8 95.8 95 93.3 96.6 80 99.1 96.6 95 98.3

Fruits and nuts, long storage 94.7 92.8 96.7 93.4 96.7 96 100 100 100 53


