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Abstract

We estimate average quality growth and upward in�ation bias for a set of 51 goods in Turkey

by using 7 waves of Household Budget Survey from 2003 to 2009 and TURKSTAT prices. We

employ instrumental variables approach introduced by Bils and Klenow (2001). We �nd that

average quality growth in Turkey is 3.93 percent. Of this 3.93 percent, 2.28 percent is not netted

out by TURKSTAT. Consequently, for the set of goods that we study, the estimated in�ation

bias is 2.28 percentage points.

1 Introduction

We estimate average quality growth and upward in�ation bias for a set of 51 goods in Turkey by using

7 waves of Household Budget Survey (HBS) (from 2003 to 2009) and Turkish Statistical Institute

(TURKSTAT) prices. We employ instrumental variables approach introduced by Bils and Klenow

(2001). We estimate that average quality growth in Turkey is 3.93 percent. Of this 3.93 percent, 2.28

percentage points is not netted out by TURKSTAT. Consequently, for the set of goods that we study,

the estimated in�ation bias is 2.28 percentage points.

There are several studies that estimate the bias in CPI in the US. Using data from 1972�94 Costa

(2001) �nds that cumulative CPI bias during this period was 38.4% with an annual bias of 1.6% per

�We are grateful to Erdem Basci, Mehmet Yörüko¼glu, Fethi Ö¼günç, Ca¼glar Yüncüler and O¼guz Atuk for their

comments. The views expressed in this paper are our own.
yPhysical Adress: Research and Monetary Policy Department. Central Bank of Republic of Turkey. Istiklal Cad.

No:10 Ulus Ankara Turkey 06100. Email Adresses: yavuz.arslan@tcmb.gov.tr, evren.ceritoglu@tcmb.gov.tr
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year. Similarly, Hamilton (2001) also estimates CPI bias to be 1.6% per year during this period. He

uses a similar econometric approach on a di¤erent data set. Bils and Klenow (2001) introduce an

instrumental variables approach to estimate the unmeasured quality growth for 66 durable goods.

Their instrument is based on predicting which of these goods will display faster quality growth. If

quality growth di¤ers across goods and government misses some part of the quality growth then

the goods with faster quality growth will experience higher price in�ation. They estimate that the

Bureau of Labor Statistics understated quality improvement and overstated in�ation by 2.2% per year

on products that constituted over 80% of US spending on consumer durables.

In emerging markets the bias in in�ation is likely to be more substantial. Yorukoglu (2009) notes

that there are at least three sources of measurement bias of in�ation, namely quality (change) bias,

new goods bias, and outlet substitution bias. All three biases are likely to be more pronounced in an

emerging market economy. Despite the potentially large biases in in�ation measurement in emerging

countries there has not been many attempts to estimate it. Our paper is one of the �rst to estimate

the quality bias in�ation in an emerging country, namely Turkey. Prior to this paper, Carvalho and

Chamon (2008) estimate that the quality bias in in�ation is around 3 percentage points for Brasil and

Mexico.

We follow the estimation strategy developed by Bils and Klenow (2001). First we estimate the

slopes of "quality Engel curves". Speci�cally we regress the price paid for a speci�c good on nondurable

consumption and some control variables. We �nd that all slopes on nondurable consumption (our

proxy for permanent income) are positive which means richer households buy more expensive and

higher quality goods. Next we calculate the average price in�ation (unit price in�ation) for each 51

goods in HBS for over 7 years. Comparing the unit price in�ation of goods to their quality slopes

we �nd that higher quality slopes imply higher in�ation. The correlation coe¢ cient is 0.43. Thus

quality Engel curve slopes provide a relevant instrument. We use the slopes of quality Engel curve as

instruments to estimate the in�ation bias. The estimated in�ation bias is 2.28 percent and signi�cant

at 1 percent level for our sample.

The rest of the paper proceeds as follows. In Section 2 we use a simple model which features

higher quality demand for higher income. In Section 3 we report the TURKSTAT price and unit

price dynamics for our 51 good sample. We estimate the quality slopes in Section 4. In Section 5 we

estimate the quality bias in CPI. In Section 6 we do a robustness exercise. In Section 7 we conclude.
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2 Model

2.1 Household Quality Choices

We use the model developed in Bils and Klenow (2001) to highlight the relationship between the quality

choice, quality slopes, permanent income and relative prices. Households maximize discounted sum

of life time utility (Uh;0) expressed in equation 1

Uh;0 =
1X
t=0

�tuh;t (1)

where � is the discount factor, h is the identity of the household, t is the time and uh;t is the utility

derived at time t by household h. We assume that there is no uncertainty. We de�ne uh;t as

uh;t =
c
1�1=�
h;t � 1
1� 1=� +

NX
i=1

8<: �
v i;h;t

h
q
1�1=�i
i;h;t �1

i
1�1=�i if qi;h;t > 0

0 if qi;h;t = 0

9=; :
Household h chooses the quality of the good i, qi;h;t, at time t. It is also possible that household

chooses not to buy a durable good at time t. Each consumption good (durable or nondurable) has a

utility function with di¤erent curvatures (� and �i). Since households may di¤er in several dimensions,

such as number of kids, they may have heterogenous tastes for di¤erent goods. We denote the taste

for durable good i by household h at time t as
�
v i;h;t. In addition to the durable goods we assume

that the households also consumer nondurable good, ch;t.

We assume that each durable good has a deterministic life. The lengths of the deterministic lives

are not necessarily same. However we assume that higher quality does not necessarily mean higher

durability. There is no depreciation during the life of the good. Unless the quality growth of a good

is too fast, all consumers will choose to use the durable as long as it works.

The budget constraint of household is

ch;t+

NX
i=1


i;h;txi;h;t = yh;t: (2)

where

xi;h;t = zi;tqi;h;t: (3)
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The income of the household is yh;t and the price of durable good i is xi;h;t. We normalize the price

of nondurable consumption to 1: 
i;h;t takes value 1 if the durable i is purchased by the household 1,

take value 0 otherwise. Equation 3 implies that the unit price of durable good (xi;h;t) is a function

quality-adjusted price (zi;t) of good i and the quality (qi;h;t).

Given the objective function, budget constraints and the quality and price relationship each house-

hold chooses whether to buy good i, if so what quality level to buy. The �rst order condition with

respect to quality is

�
v i;h;tq

�1=�i
i;h;t ( 1��

�i

1�� )

c
�1=�
h;t

= zi;t: (4)

Once we take the logs we obtain

ln(qi;h;t) = �i ln(ch;t)� ��i ln(zi;t) + ln(vi;h;t); (5)

where

�i =
�i
�
and vi;h;t = (

�
v i;h;t1� �� i
1� � )��i :

Equation 5 tells that a household chooses to buy a higher quality for good i if he is richer (higher

ch;t), if the quality adjusted price (zi;t) is lower and if the taste for that good (vi;h;t) is higher.

The coe¢ cient of ln(ch;t) in equation 5 (�i) gives the elasticity of quality demand with respect to

nondurable consumption c: We call this parameter as the slope of the quality Engel curve. The

consumers will increase the quality of the durable good i for �i percent if the nondurable consumption

increases 1 percent.

2.2 Predicting Growth in Quality

First, we take the logs of both sides of equation 3, and then �nd the �rst di¤erences. Next, we average

across households and across time to obtain equation 6. The equation states that the average unit

price in�ation for good i, �xi, is the sum of true in�ation for good i, �zi, and the average quality

growth for good i; �qi:

�xi = �qi +�zi (6)
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TURKSTAT collects prices of goods to calculate the average in�ation. We de�ne �pi as the average

TURKSTAT in�ation rate for good i:While forming the in�ation numbers TURKSTAT works explic-

itly to control for the quality improvements. Ideally, if TURKSTAT were able to net out all quality

improvements then the TURKSTAT in�ation rate would be equal to the true in�ation numbers �zi.

However, it is possible that TURKSTAT can net out a fraction (1� �) of quality growth. Then the
�pi can be written as the sum of true in�ation and missed quality growth

�pi = �zi + ��qi: (7)

If TURKSTAT measures in�ation perfectly then � will be zero. If TURKSTAT understates the quality

growth then � will be positive. We use equations 6 and 7 to �nd out the relationship between true

in�ation, unit price in�ation and TURKSTAT in�ation in equation 8.

�pi = ��xi + (1� �)�zi (8)

The main purpose of this paper is to estimate �. As equation 6 shows unit price in�ation is correlated

with true in�ation. Consequently, estimating � by regressing TURKSTAT in�ation on unit price

in�ation will give biased estimates. To solve this problem we use the slope of quality Engel curves to

construct instruments to estimate �. At this point we are going to argue that the quality slope is a

relevant instrument. To show that, we �rst di¤erence equation 5 and take averages across household

and time to obtain

�qi = �i�c� ��i�zi +�vi: (9)

Substituting equation 9 into equation 6 we obtain

�xi = �i�c+ (1� ��i)�zi +�vi (10)

Equation 10 says that goods with higher quality slopes will have higher unit price in�ation in response

to an economy wide consumption growth. This means that di¤erences across goods in the quality

slopes should be a relevant instrument for di¤erences in unit price in�ation rates. Bils and Klenow

(2001) argues for the US that the approach they use is valid. For example, they show that factor prices

did not rise faster, nor did total factor productivity (TFP) grow slower, in the industries producing

goods with steeper quality slopes. Unfortunately in Turkey we do not have sectoral TFP data. As a

result we cannot perform similar tests to validate the quality slopes as instruments for Turkey.

5



Table 1: The Sample Size of the Household Budget Surveys

Year 2003 2004 2005 2006 2007 2008 2009

The Number of Households 25764 8544 8555 8558 8548 8549 10046

3 Data

3.1 Household Budget Surveys (HBS)

The TURKSTAT HBS are de�ned as repeated cross-sectional surveys. There are 7 available waves of

the HBS from 2003 to 2009. There are 78,588 household observations in the total sample. Household

consumption expenditures on food and drinks are excluded in the empirical analysis. There are

1,558,203 observations for the rest of the consumption sub-items in the pooled sample set.

The econometric analysis is carried out for 51 sub-items of household consumption expenditures,

for which both unit prices and TURKSTAT prices are available. The selected consumption sub-items

comprise approximately 28 % of CPI basket. The unit prices and TURKSTAT prices are divided by

the nondurable goods prices to reach relative prices before the econometric analysis.

The data set used in the Bils and Klenow (2001) study (Consumer Expenditure Survey) has the

information of the quantity of the goods purchased in a given quarter. The quantity in addition to

the expenditure information enables to �nd a average price paid for a speci�c good. In HB surveys

there is the total expenditure made for a speci�c good in a given month, but there is no quantity

information. This may cause a bias in the estimation of the quality Engel curve slopes. There are 4

factors that makes us to believe that the bias is likely to be quantitatively small. First, we have some

control variables, such as number of kids and number family members, that will capture some part of

the quantity dimension. Second, the expenditure information in the HB surveys is monthly whereas

in the Consumer Expenditure Survey it is quarterly. As the expenditure period becomes shorter the

probability of purchasing multiple items in a given period declines for each of them. Third, if the

correlation of quantity slopes and quality slopes is 0, then the increase in quantity will not cause

any bias in the quality Engel curve slopes. Bils and Klenow (2001) estimate that the correlation of

quantity slopes and quality slopes for their sample is small, 0.2. Lastly, for an important part of the

sample (in terms of weight) that we use in this study, especially for the large appliances, cars and

electronics most of the consumers are likely to buy 1, if they choose to buy any because of the size of

the expenditure and the redundancy of the second item for most of the cases. In Section 6 we perform

a robustness exercise by dropping some of the items which may arguably cause bias in our estimates
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because of the lack of quantity information.

3.2 TURKSTAT and Unit Price In�ation

We group the expenditures in HBS by year of purchase. For each year and for each good we �nd

the average price paid across households. We divide the average price by the CPI for nondurable

in the same year. Then we calculate the average in�ation for each good from 2003 to 2009. The

resulting in�ation rates appear in column 2 of Table 2. To calculate the TURKSTAT price in�ation

for each good in our sample, �rst we divide the price level of each good in a given year by the CPI

for nondurable in the same year. Then we calculate the average in�ation of 51 goods over the period

2003-2009. We report the TURKSTAT in�ation rates in column 1 of Table 2.

One crucial di¤erence between TURKSTAT in�ation rates and unit price in�ation rates that we

found from HBS survey is that TURKSTAT explicitly tries to control for the quality growth. As a

result, if consumers switch to higher quality goods it does not cause in�ation in TURKSTAT prices

as long as TURKSTAT nets out all the quality growth. However, for unit price in�ation, switching

to higher quality causes in�ation. By �xing the weights on the goods TURKSTAT controls for the

quality changes as long as the consumers switch to higher quality goods which is already in the basket

that TURKSTAT follows. However, many models disappear and many new models appear forcing

TURKSTAT to price di¤erent items from one period to the next. If the new models that appear have

higher quality than the disappearing ones, TURKSTAT may not be netting out quality growth from

in�ation rate. However we should note that the distinction between new products and higher quality

products is not very obvious. One can label LCD televisions or cellular phones as new products or

more attractive versions of the older products. For us and for the empirical strategy the important

thing is when TURKSTAT wants to add the price of these goods (whether it is new good or a higher

quality) into the basket it will have some di¢ culty since they were not the exactly the same versions

in the basket. It is this di¢ culty which causes a bias in the o¢ cial in�ation �gures.

TURKSTAT adds the new goods into the basket every December. It uses the in�ation of the new

good but not the level to calculate the TURKSTAT in�ation rate. If the good which disappeared

had di¤erent price dynamics than the newly introduced good then TURKSTAT in�ation rates will be

biased. For example, if the disappearing good experiences large price declines, and the new good had

only small declines then TURKSTAT will overstate the in�ation rates. The bias will be larger for the

goods which has more frequent disappearances of old models and more frequent appearances of new

models. Moulton and Moses (1997) report that, for the US, 30 percent of Bureau of Labor Statistics

items disappear at least once every year. We suspect that, in a growing country such as Turkey, the

share of disappearing items is even larger.
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Table 2�Changes in Unit Prices versus TURKSTAT Prices

(1) (2) (3)

Average TURKSTAT Average Unit Column(1)-Column(2)

Good Price In�ation Price In�ation

Clothing materials -4.11 -2.10 2.01

Men�s clothing -5.06 -0.97 4.09

Women�s clothing -5.86 0.59 6.45

Children�s clothing -6.29 0.07 6.36

Other articles of clothing -4.04 -0.19 3.85

Men�s Shoes -3.66 -1.39 2.27

Women�s Shoes -3.15 -0.40 2.75

Children�s Shoes -3.78 -3.14 0.64

Materials for the maintenance -1.64 -12.92 -11.28

Furniture 0.73 -8.01 -8.75

Carpeting -3.80 -28.99 -25.20

Home Textile -4.13 -1.79 2.34

Refrigerators -8.05 -5.82 2.23

Washers -6.76 -6.09 0.67

Ovens -5.85 -16.93 -11.08

Air Conditioners -2.01 -21.90 -19.88

Cleaners -11.11 -34.42 -23.32

Other Tools -4.95 -2.09 2.85

Glassware -3.02 2.21 5.23

Tableware 0.13 -1.46 -1.59

Utensils -0.16 -0.16 -0.01

Small tools -2.54 4.37 6.91

Personal care appliances -4.49 1.65 6.15

Medical care appliances -3.93 -5.68 -1.74

Automobiles -5.92 -2.80 3.12

Bicycles -4.52 -3.58 0.94

Repair parts -0.85 -0.26 0.59

Telephone -18.58 -6.97 11.60

Voice recorder -15.23 -21.29 -6.06

Television -12.76 -3.62 9.15

Sport equipment -2.93 -26.93 -5.07
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Table 2�Continued

(1) (2) (3)

Average TURKSTAT Average Unit Column(2)-Column(1)

Goods Price In�ation Price In�ation

Pets 0.29 7.96 7.67

Photographic equipment -21.87 -26.93 -5.07

Computers -8.16 -6.97 1.20

Recording media -6.20 -1.03 5.17

Musical Instruments 2.63 4.61 7.23

Games 1.75 4.60 2.86

Recreation 2.15 0.62 -1.52

Movies -1.19 -1.14 0.05

Museum -2.04 5.26 7.29

Books 5.17 -1.36 -6.54

Newspaper 1.03 2.40 1.36

Stationery and drawing materials -2.02 1.95 3.97

Restaurants 3.38 7.33 3.95

Cafe 1.60 5.61 4.01

Other products for personal care -4.07 3.16 7.22

Jewelry 6.82 7.82 0.96

Luggage 0.73 1.99 1.26

Other personal e¤ects -0.27 2.54 2.82

Health Insurance -4.81 -9.96 -5.15

Transportation Insurance -1.56 5.03 6.59

Mean -3.73 -3.36 0.37

Median -3.66 -1.03 2.23

Standard deviation 5.27 9.33 7.60

Maximum 6.87 7.96 11.60

Minimum -21.87 -34.42 -25.20

Weighted mean -3.51 -1.87 1.65

Note: The change in unit price of a good is calculated by averaging across all buying households.

The average of 2003-2009 CPI weights are used to calculate the weighted mean.
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4 Estimating Quality Slopes

We use HBS from 2003 to 2009 to estimate the quality slopes for 51 durable goods. Speci�cally, we

estimate the following equation:

ln(bxi;h;t) = �i ln(bch;t) + ln(vi;h;t) + �i;h;t (11)

where

�i;h;t = ln(
bxi;h;t
xi;h;t

)� �i ln(
bci;h;t
ci;h;t

):

The reported value of xi;h;t is denoted as bxi;h;t and the reported value of ci;h;t is denoted as bci;h;t.
The existence of measurement error (the di¤erence between reported and true values of xi;h;t and

ci;h;t) will make the ordinary least squares estimates biased towards zero. Bils and Klenow (2001)

use instrumental variables approach to correct for the potential bias.1 They �nd modestly higher

coe¢ cients for each good. Unfortunately, HBSdoes not have a panel dimension. Consequently, we

have to use OLS to estimate the quality slopes.

To estimate the quality slopes by using equation 11 we use year and city (versus rural) dummies.

We control for some household characteristics which may cause heterogeneity in preferences (vi;h;t).

We control for number of children and number of persons in the household, average age of household

head and that age squared, dummy variables for all male-headed households and female headed

households.

We report the results of the estimation in Table 3. For our 51 good sample the estimates of the

quality slopes are highly signi�cant. The highest quality slope is estimated as 0.974 and it is for games.

This estimate means that if permanent income of a household increases 1% than the expenditure for

games will increase around 1%. Washers have the smallest quality slope of 0.146. The results show

that quality slope vary considerably (Table 3).

1They use consumption expenditure (CEX) survey data. It has panel dimension in addition to the cross sectional

dimension. They use the previuos 2 quarters�reported consumption as an instrument.
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Table 3�Engel Curve Slopes

(1) (2) (3)

Good Quality Slope Standard Errors R-Squared

Clothing materials 0.357 (0.038)** 0.09

Men�s clothing 0.877 (0.014)** 0.17

Women�s clothing 0.888 (0.012)** 0.20

Children�s clothing 0.678 (0.013)** 0.17

Other articles of clothing 0.611 (0.015)** 0.14

Men�s Shoes 0.558 (0.025)** 0.14

Women�s Shoes 0.779 (0.016)** 0.19

Children�s Shoes 0.540 (0.018)** 0.16

Materials for the maintenance 0.874 (0.032)** 0.26

Furniture 0.515 (0.034)** 0.10

Carpeting 0.402 (0.054)** 0.35

Home Textile 0.691 (0.024)** 0.11

Refrigerators 0.174 (0.021)** 0.24

Washers 0.146 (0.019)** 0.29

Ovens 0.305 (0.047)** 0.45

Air Conditioners 0.493 (0.038)** 0.52

Cleaners 0.329 (0.051)** 0.61

Other Tools 0.197 (0.058)** 0.03

Glassware 0.510 (0.015)** 0.13

Tableware 0.488 (0.046)** 0.10

Utensils 0.470 (0.021)** 0.08

Small tools 0.450 (0.020)** 0.07

Personal care appliances 0.579 (0.007)** 0.16

Medical care appliances 0.553 (0.069)** 0.10

Automobiles 0.291 (0.038)** 0.26

Bicycles 0.371 (0.095)** 0.17

Repair parts 0.483 (0.067)** 0.07

Telephone 0.461 (0.059)** 0.09

Voice recorder 0.664 (0.104)** 0.20

Television 0.372 (0.030)** 0.12

Sport equipment 0.607 (0.062)** 0.10
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Table 3-Continued

(1) (3) (4)

Good Quality Slope Standard Errors R-Squared

Pets 0.733 (0.050)** 0.18

Photographic equipment 0.329 (0.060)** 0.55

Computers 0.170 (0.050)** 0.12

Recording media 0.595 (0.032)** 0.18

Musical Instruments 0.892 (0.142)** 0.22

Games 0.974 (0.023)** 0.21

Recreation 0.787 (0.037)** 0.15

Movies 0.793 (0.030)** 0.34

Museum 0.818 (0.142)** 0.19

Books 0.622 (0.024)** 0.16

Newspaper 0.744 (0.013)** 0.21

Stationery and drawing materials 0.584 (0.015)** 0.17

Restaurants 0.911 (0.010)** 0.28

Cafe 0.453 (0.012)** 0.16

Other products for personal care 0.794 (0.007)** 0.25

Jewelry 0.893 (0.045)** 0.11

Luggage 0.584 (0.029)** 0.12

Other personal e¤ects 0.600 (0.042)** 0.08

Health Insurance 0.366 (0.130)** 0.27

Transportation Insurance 0.382 (0.049)** 0.13

Mean 0.564

Median 0.579

Standard deviation 0.216

Maximum 0.974

Minimum 0.146

Weighted mean 0.649

Note: Sample: Cross sections of households in the 2003-2009 Household Budget Surveys. Estimation

is made for 51 goods. "**" and "*" mean the estimates are signi�cant at 1% and 5 % level, respectively.
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Figure 1: Unit Price In�ation and Quality Slopes

5 Estimating Quality Changes

5.1 Quality Engel Curves and Unit Price In�ation

Equation 10 implies that the goods with a larger quality slope have higher unit price in�ation. Con-

sistent with this theoretical implication, the correlation between quality slopes and unit price in�ation

is 0.43. This suggests that quality slope is a relevant instrument. The positive correlation is clearly

seen in the graph (Figure 1).

In Table 4 we report the results of a weighted least square regression (weighted by the average

CPI shares from 2003 to 2009) where the dependent variable is the average unit price in�ation of good

i over 2003-2009, �xi, and the independent variable is the quality slope for good i, �i. As shown

in Table 4, the hypothesis that unit price in�ation and quality slopes are unrelated is rejected with

t-statistic of 2.65. The coe¢ cient on the quality slope implies that if quality slope increases from 0

to 1 then unit price in�ation will increase around 11.5 percent.

In Figure 2 we plot TURKSTAT in�ation and unit price in�ation. The correlation between unit

price in�ation and TURKSTAT in�ation is 0.58. This positive correlation is expected since true

in�ation is included in both unit price in�ation and TURKSTAT in�ation. However, the magnitude
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Figure 2: TURKSTAT In�ation and Unit Price In�ation.

of the correlation is potentially e¤ected by the mismeasurement of TURKSTAT in�ation due to quality

bias.

Lastly we plot the the relation between the quality slopes and TURKSTAT in�ation in Figure 3.

If TURKSTAT were able to net out all the quality improvements we wolud not expect to see any

signi�cant correlation between quality slopes and TURKSTAT in�ation. However in the data we �nd

out that the correlation is 0.44 which points out that some of the quality improvements are not netted

out by TURKSTAT.

5.2 Quality Engel Curves and TURKSTAT Price In�ation

We estimate equation 8 using the quality slopes, �i; as instruments by instrumental variables and

report the results in Table 5. We reject the hypothesis that � is zero with a t-statistic value of 3:84.

Moreover, we estimate that � is large, 0:581. The estimate means, TURKSTAT prices rises 0:581

percent when unit prices rise 1 percent because of quality growth. Ideally, TURKSTAT price would

not change in response to a quality growth. In Table 2 we calculated that the weighted average of unit

price in�ation is 1:645 percentage points larger than weighted average of TURKSTAT price in�ation.

The di¤erence come from the quality adjustments of TURKSTAT. Then, 1:645 should equal to (1��)
percent of the total quality growth (since � is the unmeasured quality growth). Consequently, the

14



Table 4�Predicting Changes in Unit Prices

Weighted Least-square regression Coe¢ cient on �i(percent) R-squared Number of observations

Full Sample of Goods 11.5 0.15 51

(0.043)**

t=2.65

Note: Sub-items of household consumption expenditures are weighted by their respective shares in total household

consumption expenditures. Unit prices are �rst divided by the I index of the CPI, then their natural logarithms are taken

and �nally, in�ation �gures are calculated. "**" means the coe¢ cient is signi�cant at 1% level. The dependent variable is the

percent unit price growth for good i. The regressor is the quality slope for good i. This regression is the the �rst stage

regression for the instrumental variable estimation.

Figure 3: TURKSTAT In�ation and Quality Slopes.
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Table 5�Estimates of �; Quality Growth, and Inflation Bias

Instrument � Average quality growth Upward In�ation bias R2

�i 0.581 3.93 2.28 0.135

(0.151)**

t=3.84

Notes: � is the fraction of quality growth which is measured as in�ation. �i is the quality slope for good i.

We estimate �pi= � ��xi+(1� �) ��zi. The di¤erence between unit price in�ation and TURKSTAT
price in�ation, which is 1.645 for our sample, is the quality growth captured by TURKSTAT. If the TURKSTAT

captures (1� �) percent of quality growth then total quality growth is 1.645/(1-0.581). The calculation implies that
average quality growth for our sample is 3.93 percent in a given year. But TURKSTAT misses the

0.581 of this quality growth. As a result the upward in�ation bias is 3.93*�. The upward bias in in�ation is

equal to 2.28 percent. "**" means the coe¢ cient is signi�cant at 1% level

average quality growth in a year for our sample is 3:93 percent (1:645=(1�0:581)). Since � percent of
this quality growth is missed by TURKSTAT, the quality bias in TURKSTAT prices is 2:28 percent

(0:581 � 3:93).

New automobile purchases is an outlier in terms of the weight it receives (more than 10 percent).

We make the estimations after dropping the automobiles from our data set. The estimated quality

bias is 0:565, which is very close to our original full-sample estimate, 0:581.

6 Robustness

Our data set does not give information about the quantity of the goods purchased. In Section 3 we

gave several reasons why the bias is likely to be small. In this section we drop several goods which may

cause bias due to the lack of quantity information. We drop these items because as the permanent

income of the households increase they may buy more quantity of them along with the higher quality.

For example a richer household may go to cafes or restaurants more often than the poorer ones.

The �rst set of the goods that we drop are furniture, home textile and carpeting. The richer

households can buy higher quality as well as higher quantity of these products. Once we drop these

items from our sample � increases to 0:658. Next, in addition to the three items that we dropped

we drop pets, movies, museum, books,newspaper restaurants, cafe, other products for personal care,

other personal e¤ects, recreation, health insurance and transportation insurance. The quality bias �

is estimated to be 0:678. As discussed earlier a higher value of � meand a higher quality bias. By

16



using the the same method employed in the previous section we �nd that these estimates imply that

there is around 3:0 percentage points quality bias in in�ation for the remaining goods in the sample

The results are surprising since we would expect higher quantity of goods purchased to upward bias

our estimate of �. One explanation is that the items we dropped are less likely to have quality growth

compared to the rest of the sample.

7 Conclusion

We estimated quality Engel curve slopes for 51 goods from pooled cross sections of HBS of Turkey

from 2003 to 2009. We �nd that average price paid is higher for the goods with a steeper quality Engel

curve. In addition, we also �nd that TURKSTAT prices rise faster for goods with steeper quality

Engel curve slopes which implies TURKSTAT cannot fully control for quality. Our estimates show

that 2.28 percent of quality growth is measured as in�ation.

Unfortunately, with this approach we cannot estimate the bias for each good. This approach

provides an overall estimate of quality bias. With better data, such as scanner data from supermarkets,

similar studies can be done with a much wider set of goods. However, the attributes of the buyer are

also needed.
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