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ABSTRACT 

This paper evaluates the inflation effect of recent VAT rate changes in Latvia by 
using CPI micro data. Our findings suggest that the pass-through of the tax rate to 
consumer prices is strong in case of upward tax adjustments, especially when there 
are no demand restrictions, while the pass-through is weaker for tax reductions. The 
frequency of price changes peaks at the moment of VAT adjustment, which, 
however, is partially compensated by lower average size of price revisions. The 
level of pass-through exhibits a high degree of heterogeneity with higher pass-
through for goods, especially food, and lower for services. 

Keywords: VAT, inflation, sample selection model, CPI micro data, Latvia 

JEL classification: C24, D40, E31, H20 
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INTRODUCTION 

Changes in indirect tax rates may have significant impact on the short-term inflation 
outlook. Quantifying the contribution of indirect taxes, however, is not an easy task, 
as one needs to isolate the tax adjustments from the other numerous supply and 
demand factors. The access to CPI micro data, however, gives additional 
information on the effect of indirect tax rate changes. This way, the analyst can 
directly observe the price response of an individual outlet at the moment of tax 
revision and afterwards, compare this response with the usual price setting 
behaviour, make comparisons across different outlets, etc. 

The question of VAT impact on inflation is of special importance for Latvia, as there 
were three major adjustments in the tax rate during the recent years. Standard and 
reduced VAT rates were increased in January 2009 and January 2011. Later in July 
2012, the standard VAT tax rate was reduced. There is no doubt that such revisions 
in VAT rate have affected inflation in Latvia; however, a mechanical assessment of 
the impact that is based on the assumption of 100% pass-through of tax changes to 
consumer prices may lead to wrong conclusions in cases of incomplete pass-
through. Therefore, a more comprehensive impact assessment requires an in-depth 
study. Moreover, Latvia's case is of special interest, as it provides a natural 
laboratory for exploring the pass-through of indirect taxes in various conditions 
(sometimes rare, like the reduction of standard rate, or even extreme, like the falling 
demand at the beginning of 2009). 

Therefore, the goal of this paper is to study the effect of recent changes in VAT rate 
on inflation in Latvia using the CPI micro data provided by the Central Statistical 
Bureau of Latvia (CSB). These data have already been studied by Beņkovskis et al. 
(2010, 2012) to discover the price setting behaviour of Latvian firms and check 
the degree of consumer price rigidities. In this paper, the goal is more focused, 
although we need to take into account the findings of previous papers, among them 
relatively high flexibility of Latvia's consumer prices and the mix of time-dependent 
and state-dependent pricing behaviour. This paper is not unique in addressing 
the tax rate pass-through question by using consumer price micro data. A recent 
example is the study by Gábriel and Reiff (2010) on Hungary. Our paper 
further develops the approaches used in previous empirical studies and provides 
evaluation of the case of Latvia. 

The paper is organised as follows. In Section 1, we outline the main VAT rate 
changes in Latvia between 2003 and 2012. Section 2 describes the CPI micro 
database, reviews the main facts about price setting behaviour in Latvia, and makes 
preliminary analysis of VAT rate pass-through. Econometric analysis is presented in 
Section 3, which introduces a sample selection model of price changes, explains the 
choice of explanatory variables, reports the estimation results, and evaluates the 
overall effect of tax rate changes on inflation. The last section concludes. 
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1 DESCRIPTION OF MAIN VAT RATE CHANGES  

The Council Directive 2006/112/EC of 28 November 2006 on the common system 
of value added tax1 provides a legal framework for the application of VAT rates in 
Member States of the EU in Articles 93 to 130 and Annex III. The basic rules are 
simple: first, supplies of goods and services subject to VAT are subject to a standard 
rate of at least 15%; and second, Member States may apply one or two reduced rates 
of not less than 5% to goods and services enumerated in the restricted list. Member 
States make wide use of the possibilities offered within this framework; as a result, 
the system of VAT rates in the EU is in practice disparate and complex.2 As shown 
in the situation report on 14 January 20133, the minimum standard VAT rate at the 
time is applied in Luxembourg (15%) and the maximum one in Hungary (27%). The 
range of the reduced rates in different countries is large, and they vary from 5% to 
18%. Latvia is in the middle of the range: VAT rates applied since July 2012 are 
21% (standard rate) and 12% (reduced rate). 

The standard VAT rate has been revised three times in Latvia, and January 2009, 
January 2011 and July 2012 can be viewed as the points of major VAT changes 
(Table 1 presents developments of standard and reduced VAT rate at those dates). 
At the beginning of 2009, due to severe economic decline and a drop in tax 
collections, both standard and reduced VAT rates were sharply increased (see 
Table 1). The standard VAT rate was increased by 3 percentage points (from 18% to 
21%) and the reduced VAT rate was raised accordingly by 5 percentage points (from 
5% to 10%). Several product groups (e.g. cinema, water, refuse and sewerage 
collection, solid fuels and accommodation services) lost the privilege of reduced 
VAT rate (see Table A3) in 2009. Some, e.g. solid fuels and accommodation 
services, were returned to the list of products with reduced VAT rate afterwards. The 
second wave of VAT increase came in January 2011, when the standard and reduced 
VAT rates were raised to 22% and 12% respectively. The only product group that 
moved from the reduced to standard rate during this period was electricity. The most 
recent development in VAT rate in Latvia was in July 2012, when the standard VAT 
rate was lowered by 1 percentage point (from 22% to 21%). 

                                                             
1 Official Journal of the European Union, L 347, 11.12.2006, p. 1. 
2 http://ec.europa.eu/taxation_customs/taxation/vat/how_vat_works/rates/index_en.htm. 
3 EC document "VAT rates Applied in the Member States of the European Union",  
http://ec.europa.eu/taxation_customs/resources/documents/taxation/vat/how_vat_works/rates/vat_rates
_en.pdf. 
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Table 1 
Major VAT rate changes in Latvia 

January 2009 January 2011 July 2012 

Standard rate increase from 18% to 
21%  

Standard rate increase from 21% 
to 22%  

Standard rate decrease from 22% to 
21%  

Reduced rate increase from 5% to 
10%  

Reduced rate increase from 10% 
to 12%  

– 

Abolition of reduced rate for several 
products (from 5% to 21%) 

– – 

Effect on inflation under full pass-through assumption (in percentage points) 

3.86 1.27 –0.63 

Sources: Law on Value Added Tax of the Republic of Latvia and authors' calculations. 
Note: The effect on inflation from VAT change under full pass-through is calculated from HICP 
and constant tax HICP indices. 
 
However, these were not the only revisions of VAT rate.4 Also, during the whole 
analysed period (2003–2012) VAT was not applied to several products (see Table 
A3 in Appendix). For example, VAT was not imposed on specified medical 
products and services, dental services, the majority of cultural and educational 
services, housing rentals, postal services, social protection services, etc. 

Changes in the VAT rate could have an important implication for inflation, 
especially at the moments of standard VAT rate revisions. Under the assumption of 
full pass-through, the effect can be evaluated by comparing HICP and HICP at 
constant tax rate indices (see Table 1, the last row). Thus, if all firms had fully 
passed the tax changes through to prices in January 2009, the inflation would have 
risen by 3.86 percentage points. The effect on inflation could have been 1.23 
percentage points in January 2011. In mid-2012, however, the downward 
contribution to inflation would have been limited to 0.63 percentage point, as only 
the standard VAT rate was reduced by 1 percentage point. 

2 DESCRIPTION OF DATA AND STYLIZED FACTS 

Before turning to the econometric evaluation, we need to describe the CPI micro 
database used in calculations and explain the adjustments made to the data. Micro 
data is a very rich source of information, thus even preliminary analysis of it can 
give useful insights into the VAT rate pass-through to consumer prices. 

                                                             
4 In May 2004, as Latvia became a member of the EU, the reduced VAT rate for several product 
groups, such as newspapers and periodicals, accommodation services, water, refuse and sewage 
collection, some medical products, decreased from 9% to 5% (there were two different reduced 
rates prior to accession). On the other hand, VAT rates increased from 0% to 5% for some 
products, such as books and cinema. From the beginning of 2005, the reduced VAT rate was 
applied to passenger transport by road and railway. Since 2007, the reduced VAT rate application 
has widened to include electricity and natural gas consumption by households previously 
exempted from VAT. For a short period (January 2007–December 2008), the reduced VAT rate 
was also applied to solid fuels and hairdressing services. Heat energy is the only product group, 
for which VAT rate increased during the period 2006–2007 (July 2006) from 0% to 5%. Table 
A3 in Appendix provides a more detailed description of non-standard VAT rate changes for 
several products since 2003. 
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2.1 CPI micro database 

The database used in the current research is provided by the CSB and is generally 
used as a part of the database for Latvia's CPI. The sample contains partially 
anonymous 6-digit COICOP records for prices of individual products (only 4-digit 
COICOP level is known) in a particular outlet at monthly frequency from January 
2003 to December 2012. The total number of records is 796 080 for 181 products. 
There are 6 634 individual product-outlet pairs with 4 to 71 outlet records per 
individual product every month (36.7 outlet records per product on average). 

According to the confidentiality restrictions, the database used in this research does 
not contain data on products for which prices from a very limited number of 
producers or outlets are available. Also, data on administered prices are excluded. 
Therefore, the sample does not cover all products (see Table A1 in Appendix). We 
have detailed information on 42% of the CPI basket in 2012, with higher coverage 
for food, alcoholic beverages and tobacco (above 60%), and lower coverage for 
services. Despite that we are still able to produce a reasonably good proxy for the 
annual rate of official annual inflation from this data (see Figure A1 in Appendix). 
CPI approximation herein mimics the official inflation, capturing the increases in 
2007 and early 2008, a sharp decrease in late 2008 to early 2010, and subsequent 
moderation. The only striking feature of this approximation is a permanent 
overestimation within the range of 3–5 percentage points. It is driven by the low 
coverage in services, primarily the absence of data on telecommunication service 
prices which were permanently decreasing during the observed time period. 

In addition to price levels, the database provides information on two types of 
specific data issues: first, cases when a product is replaced by another similar 
product and, second, cases when the data point is estimated rather than observed 
(imputations). Product replacement almost always contains a shift in the price level, 
which, however, is not informative. Thus, we ignore the price change at the moment 
of replacement. Imputations are used by the CSB in the case of short-term absence 
of product in an outlet (for a period less than 2–3 months) or for seasonal products 
(the price is not posted year-round). It is done by extrapolating the data series based 
on dynamics of other observable products in the respective price group.5 Price 
imputations might result in a biased frequency of price changes (especially for 
seasonal products), therefore we ignore imputed prices. 

                                                             
5 Detailed description of the importance of price imputations in the database, including the role of 
price imputations by COICOP groups and main categories, can be found in Beņkovskis et 
al. (2010). 
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2.2 Main characteristics of price setting behaviour in Latvia 

The main indicators that describe the price formation mechanism are frequency and 
size of price changes. Both indicators are presented in Table 2. Frequency of price 
changes is calculated using the frequency approach.6 The results demonstrate that 
each month during 2003–2012, 24.7% of consumer prices were changed on average, 
which means that the average duration of a price spell was approximately 4 months.7 
These figures indicate a rather high degree of price flexibility in Latvia, which 
exceeds the one in euro area countries (between 10.0% and 23.0% for individual 
countries and 15.8% for euro area; see Dhyne et al. (2005)) and is roughly equal to 
price flexibility in the US (24.8%; see Bils and Klenow (2004)). 

Table 2 
Frequency and average size of price changes by COICOP group and main economic category 
(2003–2012)  

Frequency Average price change 
1    Food and non-alcoholic beverages 32.0 3.0 
2    Alcoholic beverages, tobacco  23.8 2.1 
3    Clothing and footwear 9.7 –3.7
4    Housing, water, electricity, gas and other fuels 13.1 3.6 
5    Furnishing, household equipment, etc.  14.0 1.4 
6    Health  12.8 5.7 
7    Transport 49.2 0.7 
8    Communication 28.4 –5.9
9    Recreation and culture 12.8 2.7 
10  Education 5.8 1.7 
11  Restaurants and hotels  7.1 5.4 
12  Miscellaneous goods and services 15.9 4.0 
Food 32.0 3.0
Energy 75.0 1.7
Non-energy goods 16.2 0.7 
Services 5.7 5.7
Total  24.7 2.2 

Sources: CSB and authors' calculations.  
Notes: Frequency shows the average share of prices that are changed during one month, %; 
average price changes show the average changes of prices, %. 

Frequency figures are not homogenous for different types of products. According to 
Table 2, the highest flexibility (lowest duration) is observed for transport (49.2%), 
food and non-alcoholic beverages (32.0%), communication (28.4%), and alcoholic 

6 More details on how frequency of price changes are calculated and how frequency approach 
differs from duration approach can be found in Bils and Klenow (2004), and Aucremanne and 
Dhyne (2004). The results for individual products were aggregated using product weights in the 
CPI basket. As coverage of the CPI micro data is below 100%, the weights of existing products 
were adjusted to get the total sum of weights equal to 100%. The adjustment was done on the 
most detailed disaggregation level (usually 3- or 4-digit COICOP level) taking into account the 
consumption basket weights provided by the CSB of Latvia. 
7 Beņkovskis et al. (2010) report that the frequency of price changes was 28.7% and the duration 
was approximately 3.5 months in 2003–2009. Although Beņkovskis et al. (2010) use the same 
CPI micro database, these results are not directly comparable with those reported in Table 2, as 
the current paper ignores price imputations. The difference mainly comes from decreased 
frequency of price changes in clothing and footwear. 



8

beverages and tobacco (23.8%). However, we should take into account that the 
results for transport and communication are biased due to sample problems (see 
Table A1 in Appendix). The high flexibility of transport prices is attributed to fuel, 
while the purchase of vehicles and transport services were underrepresented in the 
database. A similar problem occurs in communication, as we have no data on postal 
and telephone services. The lowest flexibility is obtained for education (5.8%), 
restaurants and hotels (7.1%), clothing and footwear (9.7%), and health (12.8%). 
Although there are severe sample problems with the education and health prices, it 
could be argued that the duration of 8–17 months is quite natural for those education 
and health services which are missing in the database. As to clothing and footwear, 
the low flexibility is driven by the exclusion of price imputations.8 If we look at 
price flexibility by economic category, we observe price flexibility of the highest 
degree for energy products (75.0%, mainly due to motor fuels) and food (32.0%), 
while the highest rigidity is typical for services (5.7%). 

Along with the frequency that characterises price flexibility, the size of price 
changes is also an important feature of price formation. The average consumer price 
change in 2003–2012 was 2.2%, although this indicator differs across groups as 
well. For instance, the largest changes are observed for health (5.7%), and restaurant 
and hotels (5.4%), while the average change for communication as well as clothing 
and footwear prices was even negative (–5.9% and –3.7% respectively). Overall, 
there is a tendency of larger price changes for groups with the smallest frequency of 
price changes. 

Figure 1 
Frequency and size of price changes over time for all prices (2003–2012) 

a. Frequency b. Size

Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); size 
of price changes show the average logarithmic changes of prices (%). Periods of standard VAT 
rate revisions are marked in grey. 

Obviously, the price formation behaviour can change in the course of 10 years. 
Figure 1 shows a continuous time-line for frequencies and sizes of price changes 
during 2003–2012. In 2003, the frequency of price revisions was slightly below 
20%, while in 2011–2012 it exceeded 25%. The increase over time was rather 

8 Beņkovskis et al. (2010) report 26.0% frequency of price changes for clothing and footwear 
during 2003–2009, including price imputations. 
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steady, although there were several noticeable spikes corresponding to the major 
changes in VAT rate. In January 2009, when the standard rate of VAT increased by 
3 percentage points, the frequency of price changes peaked to almost 60%. The next 
increase of the standard rate by 1 percentage point occurred in January 2011, and the 
frequency of price revisions exceeded 40%. The last spike coincides with a decrease 
of the standard rate by 1 percentage point in July 2012, when the frequency of price 
changes was close to 35%. Just a simple comparison of these numbers shows the 
importance of the size of VAT adjustment and possible asymmetry in the reaction to 
tax increases and decreases.9 

The other aspect of price setting that could alter in the case of VAT rate revision is 
the average size of price changes, reported in Figure 1b. Overall, the average size of 
price changes follows the dynamics of total inflation – a gradual increase until the 
beginning of 2008, when the average size of change reached 8%, then a sharp 
decline with a bottom achieved in mid-2009 and a negative average price increase of 
approximately –2%. Finally, in 2010–2012, the average size of price changes 
fluctuated around 1.5%–2%. As to the specific dates of our interests, the average 
size of price changes in the cases of VAT increase (January 2009 and January 2011) 
was slightly above 4%. The similar size of average price increases despite different 
tax rate enlargements (3 times higher in 2009) may reflect the weak demand in 2009. 
The asymmetry in reaction to tax increase and decrease is observed for the size of 
price changes as well: the average price decrease was only 0.5% in July 2012. 

2.3 More evidence on VAT rate effect 

The facts above, although giving a clue to the overall effect of VAT changes on 
inflation, are clearly not sufficient for any conclusion. This subsection provides 
more detailed analysis by looking at the cases of price decrease and increase 
separately and accounting for different reactions across product groups. 

First, we can look at the average frequency and size of overall price changes by year 
(see Figure 2). Such representation allows taking into account seasonal factors, 
which could be very important for price formation behaviour. Moreover, Figure 2 
reports upward and downward price revisions separately. The bold lines represent 
the years of our specific interest: 2009, 2011 and 2012. A pronounced effect of VAT 
rate increase is observed in Figure 2a, as the frequency of price increases in January 
2009 and January 2011 is clearly above the normal seasonal pattern. Unusually high 
frequency of price increases is observed also in February 2009. It was, however, 
mostly driven by raised excise tax on alcoholic (spirits, wine, beer) and non-
alcoholic beverages (coffee, soft drinks). On the other hand, the reduction of VAT 
rate in mid-2012 did not have any major effect on the proportion of price increases. 
Although the frequency was below the normal seasonal pattern, 8.8% of all prices 
were still raised in July 2012, which is close to the numbers observed in July 2004 
and July 2007. 

                                                             
9 Some evidence on such asymmetry in price setting behaviour was found in Benkovskis et 
al. (2012), as a VAT rate increase by 1 percentage point increased the probability of a price 
change by 8.9 percentage points, while a VAT rate decrease by 1 percentage point increased the 
probability of a price change only by 1.4 percentage points. However, these results were obtained 
for 2003–2009, when there was no decrease in VAT rates (the rate reduction was observed for 
several products due to the switch from the base group to a reduced rate group). 



THE EFFECT OF VAT RATE ON PRICE SETTING BEHAVIOUR IN LATVIA:  EVIDENCE FROM CPI MICRO DATA 

 

10 

Frequency of downward price revisions is reported in Figure 2b. Two important 
conclusions can be made here. First, despite a sizeable increase of VAT rate in 
January 2009, the frequency of price reductions exceeded the usual seasonal pattern, 
as almost 15% of prices were revised downwards. This was driven by a combination 
of weak demand and decrease of prices for several imported products (e.g. fuel). 
Second, the frequency of price decrease reached its historical maximum in July 2012 
(26.8%), which was still below the frequency of upward revisions in the periods of 
raised VAT rate. Interestingly, the frequency of price decreases had been higher than 
usual already two months before the VAT rate reduction. This, however, is 
explained by price reductions in fuel and alcoholic beverages (beer) and was not 
related to the forthcoming adjustment in the tax rate.10 

Figure 2  
Frequency and size of positive and negative price changes over time for all prices (2003–2012)  

a. Frequency of a price increase b. Frequency of a price decrease 

  
c. Size of a price increase d. Size of a price decrease 

  

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); size 
of price changes show the average changes of prices (%). 

                                                             
10 In the case of fuel, a more frequent price reduction was obviously driven by the decreasing 
world price of oil. Lowering of beer prices was most probably due to weather conditions, for the 
relatively cold summer diminished the demand for beer. 
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To get a full picture of changes in the price setting behaviour, a similar analysis for 
the average size of price revisions is required. Figures 2c and 2d show the tendency 
for the size of price revisions to become larger in the later years. This is especially 
pronounced for the average size of price decreases which fluctuated around 5%–7% 
before mid-2008 and went up to 9%–12% afterwards. As to the effect of change in 
VAT rate on the size of price adjustments, it works in the opposite direction 
compared to the effect on the frequency of price changes.11 The average size of 
upward price revisions was lower than usual in January 2009 and January 2011. The 
same can be said about July 2012 when the average size of price decreases was 
lower compared with the respective month during 3 previous years. This seems to be 
contradictory at a first glance. This paradox can be explained by the fact that the 
sizes of VAT rate revisions were by far lower than the average size of usual price 
adjustments. As a result, the larger fraction of outlets revising their prices due to the 
new tax rate lower the size of price changes in a particular month. Consequently, the 
VAT rate revisions led to higher frequencies of price adjustments, which were 
partially compensated by smaller price revisions. 

Similar analysis can be carried out on a more disaggregated level. To account for 
different price setting across products, we formed 14 groups of goods and services. 
This classification is further used in descriptive and econometric analysis. The split 
was made accounting for the number of product-outlet pairs, the importance in the 
CPI basket (accordingly important product categories with good coverage, like food, 
were divided into several subgroups), and similarities in price formation behaviour 
in terms of frequency and size of price changes.12 As a result, food products and 
non-alcoholic beverages were divided into 6 groups. Alcohol and tobacco, clothing 
and footwear, furnishing and household equipment products, fuel, communication, 
recreation and culture products were separated from the other goods. Services were 
divided into 2 groups: restaurants and hotels, and other services. The list of groups is 
reported in the Table A2 in Appendix. 

Indeed, the analysis on disaggregated level reveals a lot of heterogeneity in reaction 
to VAT rate changes (see Figures A2–A15 in Appendix). The differences in 
behaviour are less pronounced for tax rate enlargements: the proportion of positive 
price revisions in 2009 and 2011 exceeds the usual pattern observed in January for 
all groups, except fuel as well as fruits and vegetables. The frequency of price 
increases was much higher for food products (with exception of fruits and 
vegetables), while the immediate impact of an increase in VAT rate was weaker for 
other goods and services (especially clothing and footwear products). At the same 
time, the frequency of price decreases in January 2009 and January 2011 was still 
relatively high for most product groups. 

Even more heterogeneity can be found in the response to VAT rate reduction in July 
2012. The highest frequency of price decreases in that particular month was 
observed for meat and fish (almost 45%), milk, cheese and eggs, non-alcoholic 
beverages (more than 30%), and other food products (25%). For some groups the 
effect was not significant, e.g. the high proportion of price decreases for fruits and 
vegetables was solely driven by seasonal factors. The same was observed for 

                                                             
11 Gábriel and Reiff (2010) report a similar effect for VAT rate changes in January 2004, January 
2007 and September 2006 in Hungary. 
12 For main characteristics of all individual products see Beņkovskis et al. (2010). 
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clothing and footwear products, restaurants and hotels. Several groups had a 
pronounced peak in the frequency of price decreases; however, the level of this peak 
was low, e.g. for other services the proportion of price decreases achieved just 12%, 
while for communication, recreation and culture products it was 15%. These results 
confirm the initial intuition that the pass-through of VAT rate reduction was low 
both in absolute terms and in comparison to the pass-through of the increase in VAT 
rate. 

Another important aspect is the lagged effect of change in VAT rate on the size and 
frequency of price adjustment. Despite the potential impact on the frequency of price 
changes in later months, we do not observe it in any of the analysed subgroups. The 
effect, if existing, is small and cannot be detected, as frequencies of price revisions 
do not differ from a usual seasonal pattern in periods following the tax rate 
adjustment.13 The only exceptions are non-alcoholic beverages and alcoholic 
beverages and tobacco in February 2009 (due to changes in excise tax), and alcohol 
and tobacco (mostly beer) in August 2012 (because of the cold summer and 
diminished demand). Therefore, it seems that the VAT effect on price adjustment is 
concentrated in the first month, while the lagged effect is very small. 

Finally, some words should be said about the VAT effect on the average size of 
price adjustments. In most cases, we observe a tendency of lower-than-usual size of 
upward price revisions in the case of raised VAT rate and lower-than-usual size of 
downward price revisions in the case of lowered VAT rate. As discussed before, the 
sizes of VAT rate revisions were smaller than the average size of usual price 
adjustments. That is why the larger share of outlets revising their prices due to 
changes in the VAT rate reduces the average size of price changes. 

3 ECONOMETRIC EVIDENCE 

This section studies the immediate pass-through of VAT rate changes on inflation. 
Here we follow and develop further the methodology used by Gábriel and 
Reiff (2010) for Hungary. 

3.1 Inflation decomposition 

Changes in VAT rate can affect inflation by altering the proportion of outlets 
revising their prices and/or changing the average size of price revision. In addition, 
the effect can differ for upward and downward price revisions. More formally, the 
average price change (or inflation) can be decomposed in the following way (for 
more detail, see Hoffmann and Kurz-Kim (2006)): 

   pp  (1) 

                                                             
13 This observation is also approved by later econometric investigation. Coefficients before 
lagged VAT variables were not statistically significant in equations for size and probability of 
price changes. 
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where π is the average price change, p+ and p– are the shares of outlets revising 
prices upwards and downwards, μ+ and μ– are the average sizes of upward and 
downward price revisions.14 Gábriel and Reiff (2010) propose to quantify the VAT 
rate effect on inflation: 

      pppp VATVATVATVAT , (2) 

where p+VAT, p–VAT, μ+VAT and μ–VAT are frequencies and average sizes of price 
changes respectively, including the effect of VAT rate revision, while p+, p–, μ+ and 
μ– represent changes that could be expected in the case of constant VAT rate. In 
order to apply equation (2), we need to formulate a model that will, first, describe 
the probability of a price revision (p) and, second, estimate the expected size of a 
price revision (μ). 

3.2 Sample selection model of price changes 

The probability of a price change can be obtained by a simple binary model (see, 
e.g. Aucremanne and Dhyne (2005), Lünnemann and Mathä (2005), Baumgartner et 
al. (2005) and Baudry et al. (2007)). However, explaining the size of a price revision 
is not so straightforward. The desired price change is a latent variable, as rigidities 
do not allow firms to adjust prices every period. As a result, we get information on 
the desired size of price correction only when the correction is actually made. 
Empirical investigations show that consumer price formation in Latvia is a 
combination of both state-dependent and time-dependent behaviour (see Benkovskis 
et al. (2012)), which means that at least some part of Latvian firms do not follow the 
randomly driven Calvo (1983) price setting mechanism. We have a classical case of 
an incidental truncation. The data on the size of a price change is non-randomly 
selected, and one could expect left truncation, e.g. due to the fact that the desired 
price changes are below the menu costs and, therefore, will not be observed. 
Consequently, the average size of observed price changes is a misleading indicator 
of the size of desired price change. 

To account for incidental truncation, we should use a sample selection model. 
Following the notation of Green (2002), a sample selection model for the size of 
price change can be formulated in the following way. 

The selection equation can be written as follows: 

ijt
T
ijtijt uwz  * , 1ijtz  if 0* ijtz  and 0 otherwise; 

   T
ijtijtijt wwz 1Pr  (3) 

where zijt is [ijt x 1] binary vector, which equals 1 when the price of product i in 
outlet j was changed in the period t. wijt is [ijt x k] matrix of k variables that 
determine the probability of price change, while γ is the vector of parameters. Φ(.) 
denotes the standard normal cumulative distribution function. 

                                                             
14 Hoffmann and Kurz-Kim (2006) use the average size of log-changes while defining μ+ and μ–, 
as they proxy German CPI by a geometric Laspeyres formula. Taking into account that Latvia's 
CPI is calculated using an (arithmetic) Laspeyres formula, we define μ+ and μ– as a simple 
growth rate. Note that μ– is always negative. 
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The outcome equation can be written as follows: 

ijt
T
ijtijt xy    observed only if 1ijtz , (4) 

 ijtijtu ,  ~ bivariate normal [0, 0, 1, σε, ρ] 

where yijt is [ijt x 1] a vector describing the size of desired price change for product i 
in outlet j in the period t, while xijt is [ijt x n] the matrix of n variables that determine 
the desired size of price change. β is the vector of parameters, uijt and εijt are the error 
terms that have a bivariate normal distribution with zero means and correlation ρ. 

Taking into account that yijt is observed only when the price is changed (zijt = 1), 
while zijt and wijt are observed for all product-outlet pairs in all periods, the model 
transforms into: 

    
T
ijt

T
ijtijtijtijtijt wxwxzyE  ,,1  (5). 

The second term in equation (5) is the correction of selection bias and λ(.)=ϕ(.)/Φ(.) 
where ϕ(.) is a standard normal probability distribution function. 

It should be noted that the set of factors determining the probability of price change 
(wijt) and the size of price change (xijt) can differ. The factors determining frequency 
of price change (wijt) are analysed first. In this paper, we follow (although with some 
modifications) the list of variables used in Benkovskis et al. (2012) to explain the 
probability of price changes in Latvia, and the set of variables used herein 
significantly exceeds the one used in Gábriel and Reiff (2010). 

The effect of VAT rate changes on frequency of price adjustments is captured by 
two variables, i.e. positive and negative VAT rate changes (VAT_plus, VAT_minus). 
Both variables are calculated as (1+VAT_ratet)/(1+VAT_ratet–1). The split between 
positive and negative changes is aimed at capturing the asymmetric reaction to VAT 
adjustment, reported in Benkovskis et al. (2012). In addition, we include the square 
of positive VAT rate changes to assess possible non-linear effects.15 Several 
products (alcohol, tobacco, coffee, soft drinks) are also subject to the excise tax.16 
Although the effect of excise tax on inflation is not in the focus of the current 
research, we need to take changes in excise tax rate into account and do it by 
including excise tax dummy variables. 

According to Cecchetti (1986), the accumulated inflation since the last price 
adjustment should be among the explanatory variables under the state-dependent 
pricing assumption, since larger accumulated inflation is associated with shorter 
duration between price changes. We include two measures of accumulated inflation 
since the last price change at different levels of aggregation: the first is accumulated 
inflation at the corresponding 2-digit COICOP level (π_group), and the second is 
overall accumulated inflation (π_total). An important difference from Benkovskis et 
al. (2012) is that the current paper uses accumulated inflation calculated from HICP 
at constant tax rate. The effect of changes in indirect tax rates is already accounted 
for by VAT change variables; therefore, the use of standard inflation will 

                                                             
15 It can be argued that changes in VAT rate have also a lagged effect on frequency (and size) of 
price changes. However, we did not find statistically significant effects of lagged VAT variables. 
Thus, these were excluded from our model. 
16 For more details on excise tax rates for selected products, see Table A4 in Appendix. 
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underestimate the tax rate pass-through.17 Also, Cecchetti (1986) shows the import-
ance of the demand factor for the frequency of price changes. Here we use the 
overall demand variable, which is defined as the accumulated change in the total 
retail trade turnover at constant prices since the last price change (Trade). 

Using the target-threshold model, Cecchetti (1986) proved that the longer the period 
since the last price change, the greater the probability of observing another price 
change. On the other hand, Taylor (1980) model assumes the truncation of a price 
spell after a fixed period of time. To account for these effects, we use two types of 
time variables. First, we include the logarithm of the period of time elapsed since the 
last price change ln(T). Second, as in Aucremanne and Dhyne (2005), we test for 
possible price spell truncations as in Taylor (1980) model by including a set of 
dummy variables (Dur1, Dur2, Dur3, Dur4, Dur6, Dur9 and Dur12) which are 
equal to 1, if the period of time since the last price adjustment is 1, 2, 3, 4, 6, 9 or 12 
months respectively. 

The frequency of price changes could be affected by psychological effects and 
marketing strategies. One effect, which is usually included in the models of price 
setting behaviour, is the effect of an attractive price. Like in Aucremanne and 
Dhyne (2005), we define the attractive price (ATP) as a price ending with digits 0, 5 
or 9. The firms are expected to prefer attractive prices to other prices and adjust the 
former less frequently. In addition, we use dummy variables indicating some 
specific cases of attractive (or even super attractive) prices that end in 00, 50, 95 and 
99 santims (ATP00, ATP50, ATP95, ATP99). 

Cecchetti (1986) argues that the size of the previous price adjustment may contain 
information about the next price change. If the previous price change was large, it 
could indicate that the threshold for changing prices is high and firms are forced to 
change prices less frequently, although by larger amounts. Therefore, we introduce a 
variable which shows the size of the previous price change (LDP). To account for 
the possible asymmetries, we distinguish between the cases where the previous price 
adjustment is positive and the cases where it is negative. This is done by inclusion of 
a dummy variable (DW), which is equal to 1, if the previous price change is 
negative. 

One new variable not used in Benkovskis et al. (2012) is the price level of a product 
(P_last). We expect the frequency of price changes to be positively connected to the 
price level, as menu costs are relatively smaller for expensive products. Moreover, 
the prices of very cheap products could be more rigid due to the rounding effect. 

The frequency of price changes may display seasonal patterns, captured by a set of 
monthly dummies (January,…, November, with December as a baseline month). In 
addition, the year dummies (Year2004,…, Year2012, using 2003 as a baseline year) 
are included to capture changes in the price setting mechanism that are not explained 
by other factors in the model. Therefore, year dummies can be interpreted as the 
effect of omitted macroeconomic conditions, e.g. the demand and supply factors. 

Variables that affect the size of price adjustment (xijt) are the subset of (wijt). 
Obviously, the outcome equation should include the variables describing changes in 

                                                             
17 However, it should be noted that HICP of constant rate is calculated assuming immediate and 
100% pass-through of all tax rate changes. Therefore, using HICP at constant tax rate could lead 
to a slightly overestimated effect of tax changes on inflation. 
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VAT rate and excise tax dummies. Also, following Gábriel and Reiff (2010), we 
include year and seasonal dummies, as the size of price changes depends on 
macroeconomic conditions, and for many products it also has strong seasonal pattern 
(e.g. fruits and vegetables or clothing and footwear). Finally, the desired size of 
price changes should depend on the accumulated inflation since the last revision. On 
the one hand, the longer the period since the last revision, the higher the size of 
changes is expected to be (we observed negative relation between the frequency and 
size of price adjustments presented in Table 2). On the other hand, year and seasonal 
dummies are not capturing heterogeneity in the demand and supply conditions for 
individual products, which, at least partially, is described by accumulated inflation 
on the group level. Therefore, both cumulated inflation variables are included in xijt. 

3.3 Estimation of selection models 

The parameters of selection model in equations (3)–(5) can be estimated by either 
the maximum likelihood estimator (see, e.g. Amemiya (1985) and Puhani (2000)), or 
the two-step estimation procedure of Heckman (1979). The latter first estimates the 
selection equation by probit model and calculates the so-called inverse Mills ratio, 
which is then included into the least squares regression of outcome equation, thus 
correcting for selection bias. Although Heckman's estimator (1979) became the most 
popular way of estimating the selection model, it is a subject of various critical 
points. First, in the case when xijt and wijt coincide, the second-step estimation is only 
identified through nonlinearity of the inverse Mills ratio. If wT

ijtγ does not have much 
variation in the sample, there could be a severe collinearity among the regressors, 
which could lead to large standard errors of estimated coefficients (see 
Puhani (2000) and Wooldridge (2010)). The collinearity problem, however, is not 
crucial in our case as we apply a list of exclusion restrictions (seeking for variables 
that affect the selection variable but does not affect the outcome variable directly). 
For example, attractiveness of a price does not affect the desired size of a revision 
(as it does not affect costs), while it changes the frequency of price adjustment. A 
similar argument can be applied to variables describing the time elapsed since the 
last time of a price revision, or a price level variable. Second, Puhani (2000) states 
that in the absence of collinearity problem Heckman's estimator (1979) may be used; 
however, the maximum likelihood estimator is recommended as it is usually more 
efficient. The inefficiency of Heckman's estimator (1979) comes from the fact that 
adding the estimated inverse Mills ratio as a regressor results in heteroskedastic 
error even if the original error term is normal and homoskedastic (see, e.g. 
Green (2002) and Wooldridge (2010)). 

Due to it, we herein estimated the sample selection model using the maximum 
likelihood method,18 applying it to 13 out of 14 previously described product 
groups.19 In addition, we took into account the weights of products in consumption 

                                                             
18 According to Wooldridge (2010), the maximum likelihood estimator will be more efficient 
under joint normality of εijt and uijt, although it is less robust and sometimes has convergence 
problems. 
19 Estimates were not made for fuel products due to a very specific price setting nature (see 
Figure A11). Full pass-through of tax shocks was assumed instead. 
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basket.20 The positive and negative price changes were estimated separately. The 
estimation results are shown in Tables A5–A8 in Appendix. 

Tables A6 and A8 report the outcome of selection equations, thus describing how 
abovementioned factors affect the frequency of price changes for different groups. 
Broadly, the results are in line with Benkovskis et al. (2012). The probability of 
price change in most groups is driven by macroeconomic conditions, e.g. 
accumulated inflation on group and aggregate level and trade turnover (the only 
group unaffected by any of these factors were clothing and footwear products). On 
the other hand, at least some part of firms use the time-dependent price setting 
mechanism, adjusting prices after some fixed time period (every 1–4 months for 
food products and 9–12 months for services). The attractiveness of price in general 
increases the rigidity (both, upward and downward), although the effect of various 
types of attractive prices can significantly differ across groups. The level of price 
positively affects the probability of a price decrease, while, surprisingly, the effect is 
opposite in the case of upward price adjustments. Year dummies indicate significant 
differences in macroeconomic conditions during the sample period: in general, a 
higher probability of price increase during the boom years and a larger chance of 
price decrease after 2008. All modelled product groups have pronounced (although 
very different) seasonal effects in frequencies of price changes. Finally, the main 
variables of interest – VAT rate change variables – have significant effect on the 
probability of price revisions in the majority of product groups. The only exception 
is clothing and footwear products, where coefficients before VAT rate changes are 
insignificant in both equations (this coincides with the preliminary analysis in 
Figure A9 in Appendix). 

The results of outcome equations, describing the desired size of price adjustments, 
are reported in Tables A5 and A7. Beyond the year and seasonal effects (as before, 
seasonality is observed in the majority of groups, while the size of revisions has a 
tendency to increase in the second half of the sample), the desired size of price 
change is affected by accumulated inflation. Although this effect is not as 
pronounced as in selection equations, higher inflation generally leads to larger 
upward and lower downward revisions. The changes in VAT rate have a significant 
effect on the desired size of price change in most of the cases, with an exception of 
alcohol and tobacco. Another important result is the estimates of ρ, e.g. correlation 
between errors in selection and outcome equations. In almost all the cases, 
correlation is statistically different from zero, which means that the estimation of 
output equation by least squares would lead to biased results, and the choice of 
sample selection model is justified. 

3.4 Estimated effects of VAT rate changes 

Although the results in Tables A5–A8 are informative, it is still difficult to draw any 
conclusion about the size of VAT rate effect on inflation from the model coefficients 
alone. Instead, the estimated models might be used to obtain p+, p–, μ+, μ– and p+VAT, 
p–VAT, μ+VAT, μ–VAT for each product group, and then to calculate the overall effect of 
VAT on price changes for each product using equation (2). Product effects can be 
later aggregated using the sample weights. 

                                                             
20 See Footnote 6 in Subsection 2.2 describing the procedure used to adjust product weights. 
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By using estimated sample selection models, one can make an in-sample forecast for 
the probability of price change, and the desired size of price revision, given that the 
price is changed. The forecast is made for each product separately (using estimation 
results of the respective equation) calculating the average expected probability and 
the size of price change for an average outlet. The forecasts for cases of upward 
price revisions were made as follows, using the results reported in Tables A5 and 
A621: 

 itit
VAT

it wzEp   and  0, 
ititit

VAT
it zxyE , (6) 

where  


J

j ijtit wJw
1

1  and  


J

j ijtit xJx
1

1  (J is the number of outlets for 

product i). 

 VATex
ititit wzEp _  and  0,_ 

it
VATex

ititit zxyE  (7) 

where 0_ VATex
itw  and 0_ VATex

itx  for columns representing VAT variables, 

it
VATex

it ww _  and it
VATex

it xx _  otherwise. 

The point forecast was made for three main dates of VAT rate change, i.e. January 
2009, January 2011, and July 2012. The effect of VAT change on price adjustment 
was estimated only for those products that were available in the CPI micro database 
(except fuel, for which full pass-through was assumed). Unfortunately, micro data 
were not available for many important products. To a large extent, these were 
administratively regulated products, thus for corresponding products we could 
assume 100% pass-through of a VAT rate shock. In addition, we took into account 
the share of those products, which are not subject to VAT (e.g. secondary and 
tertiary education, tourism, etc.). After the evaluation of VAT effects on individual 
product groups, those were aggregated using weights in the consumer basket. The 
overall results as well as the results by main group and economic category are 
reported in Table 3. 

                                                             
21 Forecasts for downward price revisions were made in a similar way using the results from 

Tables A7 and A8. 
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Table 3 
Estimated effect of changes in VAT rate (percentage points) 

 January 2009 January 2011 July 2012 
1    Food and non-alcoholic beverages 0.864 0.508 –0.111 
2    Alcoholic beverages, tobacco  0.324 0.028 –0.078 
3    Clothing and footwear  0.107 0.024 0.017 
4    Housing, water, electricity, gas and other fuels 0.625 0.492 –0.052 
5    Furnishing, household equipment, etc.  0.136 0.015 0.017 
6    Health  0.096 0.075 0.000 
7    Transport  0.361 0.120 –0.054 
8    Communication  0.161 0.066 0.015 
9    Recreation and culture  0.279 0.064 0.020 
10  Education  0.002 0.001 0.000 
11  Restaurants and hotels  0.127 0.017 0.004 
12  Miscellaneous goods and services  0.104 0.038 –0.004 
Food 0.864 0.508 –0.111 
Energy 0.124 0.080 –0.049 
Non-energy goods 1.279 0.316 –0.011 
Services 0.242 0.050 0.005 
Administratively regulated 0.678 0.493 –0.060 
Total  3.187 1.449 –0.226 
Pass-through (%) 83.9 113.9 36.0 

Sources: CSB and authors' calculations. 
Notes: Estimates based on the sample selection models are reported in Tables A5–A8. Full pass-
through is assumed for fuel and administratively regulated prices. Although one can calculate 
confidence bands for p and μ, it was not possible to calculate them for figures in Table 3. The 
analytical solution is too complex due to non-linearity of equation (2) and non-normal 
distribution of p, while bootstrap procedure is not feasible even for a relatively small number of 
iterations. 
 

The overall effect of changes in VAT rate on inflation in Latvia was rather high and 
fast in both cases of upward VAT revision. The immediate pass-through of 
January 2009 is evaluated to be 83.9%, increasing inflation by 3.2 percentage points. 
Although the demand conditions were extremely low at that time, the significant 
increase of VAT (from 18% to 21% for standard rate) ensured a relatively high pass-
through to prices. The role of the weak demand can be seen when making 
comparison with the VAT pass-through two years later. Despite a much lower 
increase in VAT rate, the pass-through to prices was more pronounced and the 
estimated figure even exceeded 100%, contributing 1.4 percentage points to 
aggregate inflation. Obviously, the demand conditions in 2011 were much more 
favourable vis-á-vis the beginning of 2009. Moreover, a pass-through of more than 
100% may be explained by the lack of demand in 2009–2010 and an incomplete 
pass-through of VAT increase in 2009, leading to squeezing mark-ups. Possibly, the 
VAT rate adjustment together with improving consumer demand gave some firms an 
opportunity to widen mark-ups in early 2011. 

The abovementioned observations for cases of upward VAT rate adjustments are in 
sharp contrast to the case of VAT rate reduction in mid-2012, as the estimated effect 
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on inflation is low (only –0.2 percentage point). The pass-through was weak (only 
36%), clearly showing the asymmetric reaction of Latvian firms.22 

As regards the contribution of individual product groups/categories, the highest 
contribution comes from food, to a large extent determined by importance in the 
consumption basket. In 2009 and 2011, food products determined one third of total 
contribution. In 2012, however, food products contributed more than a half of total 
immediate impact. Much of the contribution in 2009 came from non-energy goods 
(alcoholic beverages and tobacco, clothing and footwear, furnishing, recreation and 
culture); non-negligible was the contribution of services (mainly restaurants and 
hotels). In 2011, the role of services was much smaller, and the pass-through was 
mostly provided by goods. Except food, the inflation reduction in 2012 due to VAT 
was observed for transport (mainly fuel), alcoholic beverages and tobacco. Finally, 
the tax reduction in 2012 seems to have produced no significant impact on services. 
The most probable explanation is the growing domestic demand that allowed firms 
to postpone price reductions. Although demand is an important factor for all 
products, we need to take into account that services prices are very rigid and 
therefore largely depend on expected demand. According to business and consumer 
survey data of the EC, demand expectations of firms working in the services sector 
were on the rise in 2012, thus seriously affecting price setting decisions. Another 
factor explaining low willingness to reduce prices in services was a sizeable inflow 
of tourists, which especially affected the demand for restaurant and hotel services. 

                                                             
22 This is in line with the results obtained by Gábriel and Reiff (2010) for Hungary. They report 
that the inflation effect of 5 percentage point increase in VAT rate in September 2006 is 
estimated to be 2.13%, while the inflation effect of 5 percentage point decrease in VAT rate in 
January 2006 is only –1.08% (for affected products). 
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CONCLUSIONS 

The access to consumer price data on the outlet level gives a unique opportunity to 
evaluate the impact of changes in VAT rate on inflation by analysing the effect on 
frequency and size of price changes. The case of Latvia is especially interesting for 
analysis, as during a relatively short period there were three major VAT adjustments 
(January 2009, January 2011, and July 2012); in addition, the tax was reduced in the 
latter case. 

Useful insights were obtained by looking at frequencies and sizes of price revisions 
during and after these periods of tax rate adjustments. Although the frequency of 
price changes in the corresponding months of 2009, 2011 and 2012 was abnormally 
high, it is still far below 100%: the frequency of price decrease in July 2012 slightly 
exceeded 25%, while the frequency of price increase reached approximately 45% 
and 35% respectively in January 2009 and January 2011. These overall figures mask 
a large degree of heterogeneity across groups, especially in July 2012, when a higher 
effect on frequency was observed for food products (except fruits and vegetables), 
while the impact was much lower for services and some other groups of products 
(e.g. clothing and footwear). In addition, the examination of micro data suggests that 
in most cases the average size of revisions reacted in the opposite direction, thus 
compensating for higher frequency of price adjustments at the moment of tax rate 
change. Another important aspect is the lagged effect of VAT rate change, which, if 
existing, is rather small and cannot be detected. 

To quantify the impact of change in VAT rate on inflation in different periods, the 
sample selection model was estimated for 13 different product groups. The 
contribution of VAT rate to positive and negative price revisions was calculated for 
each sample product and then the aggregated figure was obtained (for fuel and 
administratively regulated prices assuming a full pass-through of VAT rate 
changes). The evaluated effect on inflation in Latvia was rather high for the cases of 
increase in VAT rate. In January 2009, the immediate pass-through was evaluated at 
84% level (contributing 3.2 percentage points to overall inflation), while in January 
2011, the pass-through to prices exceeded 100% (contributing 1.4 percentage 
points). Although the change in VAT rate was steeper in the former case, the pass-
through was obviously restricted by weak demand conditions. This evidence is in 
contrast to the immediate effect of VAT rate reduction in mid-2012 when the pass-
through to inflation was only 36% (decreasing inflation by 0.2 percentage point). 
The VAT reduction in 2012 seems to have given no significant impact on prices of 
services due to high demand expectations, with the main effect on inflation observed 
in food, transport (mainly fuel), alcoholic beverages and tobacco products. 

Overall, the CPI micro data evidence suggests that the pass-through of VAT rate to 
prices is strong in case of increasing tax rate (especially when there are no 
restrictions from the demand side), while the effect is much smaller for cases of 
VAT rate reduction. There is a clear peak in frequencies of price changes in the 
month of rate adjustment, compensated, however, by smaller average size of price 
changes. In addition, the pass-through exhibits a high degree of heterogeneity by 
product group with a higher pass-through for goods (especially food) and lower for 
services. This knowledge can be used both in historical analysis of inflation and 
forecasting inflationary effects of indirect tax rate changes in the future. 
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APPENDIX 

Table A1 
Sample coverage in 2012 for Latvia 

 Share in CPI (%) Share in sample (%) Coverage (%) 
1    Food and non-alcoholic beverages  24.8 15.1 60.9 
2    Alcoholic beverages, tobacco  7.2 5.7 79.9 
3    Clothing and footwear  5.5 2.4 43.1 
4    Housing, water, electricity, gas and other    
      fuels  

16.7 2.0 11.9 

5    Furnishing, household equipment etc.  4.3 2.0 46.9 
6    Health  5.7 1.1 19.3 
7    Transport  13.9 6.7 48.1 
8    Communication  4.1 0.1 2.0 
9    Recreation and culture  7.4 3.0 40.0 
10  Education  1.5 0.0 3.2 
11  Restaurants and hotels  3.8 1.8 47.6 
12  Miscellaneous goods and services  5.3 2.1 40.5 
Total  100.0  42.0  42.0  

Sources: CSB and authors' calculations. 
Notes: Shares in CPI show the shares of particular groups in CPI basket in 2012 (%). The share 
in the sample denotes the share of products from a particular group presented in our database in 
the CPI basket in 2012 (%). Coverage indicates the share of products covered by our database 
within a group in 2012 (%). 

 
Figure A1 
Annual changes in CPI and CPI approximation (2004–2012) 

 

 

 

 

 

 

 

 

 
Sources: CSB and authors' calculations. 
Note: Annual changes in CPI and CPI approximation are calculated from the CPI micro data (%). 
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Table A2 
Description of product groups 

Group Share in sample 
(%) 

No. of products No. of product-
outlet pairs 

Bread and cereals 2.6 10 529 
Meat and fish 3.0 12 550 
Milk, cheese and eggs 4.0 9 474 
Fruits and vegetables 2.1 11 635 
Other food products 1.8 11 557 
Non-alcoholic beverages 1.5 5 262 
Alcohol and tobacco 5.7 6 217 
Clothing and footwear products 2.3 26 666 
Furnishing and household equipment products 1.9 20 593 
Fuel 5.7 3 14
Communication, recreation and culture products 2.5 15 512 
Other products 3.8 23 763 
Restaurants and hotels 1.7 9 332 
Other services 3.4 21 530 
Total 42.0 181 6634

Sources: CSB and authors' calculations. 
Note: Shares in sample are provided for 2012 (%). 
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Figure A2 
Frequency and size of positive and negative price changes over time for bread and cereals  
(2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A3 
Frequency and size of positive and negative price changes over time for meat and fish (2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A4 
Frequency and size of positive and negative price changes over time for milk, cheese and eggs  
(2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A5 
Frequency and size of positive and negative price changes over time for fruits and vegetables  
(2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A6 
Frequency and size of positive and negative price changes over time for other food products  
(2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A7 
Frequency and size of positive and negative price changes over time for non-alcoholic beverages 
(2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A8 
Frequency and size of positive and negative price changes over time for alcohol and tobacco  
(2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A9 
Frequency and size of positive and negative price changes over time for clothing and footwear 
products (2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A10 
Frequency and size of positive and negative price changes over time for furnishing and household 
equipment products (2003–2012)  

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A11 
Frequency and size of positive and negative price changes over time for fuel (2003–2012)  

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A12 
Frequency and size of positive and negative price changes over time for communication, recreation 
and culture products (2003–2012)  

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A13 
Frequency and size of positive and negative price changes over time for other products (2003–2012)  

a. Frequency of a price increase b. Frequency of a price decrease 

 

c. Size of a price increase d. Size of a price decrease 

 

 
Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A14 
Frequency and size of positive and negative price changes over time for restaurants and hotels 
(2003–2012)  

a. Frequency of a price increase b. Frequency of a price decrease

c. Size of a price increase d. Size of a price decrease

Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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Figure A15 
Frequency and size of positive and negative price changes over time for other services (2003–2012) 

a. Frequency of a price increase b. Frequency of a price decrease

c. Size of a price increase d. Size of a price decrease

Sources: CSB and authors' calculations. 
Notes: Frequency shows the average share of prices that are changed during one month (%); 
average price changes show the average changes of prices (%). 
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