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ABSTRACT 

In modern portfolio theory, real estate can reduce substantially the total risk in a portfolio. 
Therefore, a flaw in the aggregate real estate index would cause a tremendous consequence 
for all the stakeholders in the industry. In general, there are two major approaches in 
producing property indices: the appraisal-based and the transaction-based approach. The 
transaction-index approach is more statistical or econometric in nature, tending therefore to be 
more formally explicit and objective or transparent in its application procedure. Hedonic 
regression model is considered as the most suitable for constructing cross-sectional quality 
adjusted house price indices. The author thus has chosen the hedonic regression model in the 
empirical part as the opponent method against the Official method, the one which is adopted 
by the Ministry of Construction of Vietnam. The results show the Official index has a 
different pattern compared to the indices derived from hedonic and other models. Due to the 
limitation and constraints during the research period, this study does not attempt to argue for 
which method is more appropriate than the others, but it does provide the recommendations 
for the better performance of those index series in the future research.  
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1. Introduction 
In 2011, Vietnam ranked the fourth most attractive emerging market for real estate investment 
behind China, India and Brazil, according to the latest survey released by the Association of 
Foreign Investors in Real Estate (AFIRE). Despite a leading international organization 
ranking, certain concerns remain about the instability of the domestic market in the years to 
come. Experts in Vietnam have expressed their worries about the prosperity of the market in 
the context of uncertainty over inflation, the devaluation of the Vietnamese dong, an 
oversupply of some property sectors, and the market transparency is also mentioned. 

According to CBRE quarterly report (2011), economic uncertainty would continue to have a 
significant negative impact on the property market in 2011. The global leader in real estate 
consultancy emphasizes that investing in real estate in 2011 would be dangerous for investors’ 
health. The second concern is on the spiking of the inflation rate. The consumer price index 
(CPI) in December, 2010 has increased 11.75% against December, 20091. Researchers 
estimate that inflation could reach double digits in 2011. Inflation keeps rising and is unlikely 
expected to decline anytime soon.  

Since November 2010 deposit interest rates have been quoted at around 12-14% per year, 
pushing credit interest rates up to 17-19% a year. This is the obvious impact of the tightening 
monetary policies, which prevents customers from accessing banking loans due to high 
interest rates. Vietnam currency is depreciating and as it falls further, more people want to 
convert their money into dollars or gold. This has serious reflection for the housing market, 
because in Vietnam the majority of real estate transactions are quoted and closed in US 
dollars or in gold.  

Another major concern is that Vietnam real estate market in 2011 will be threatened by 
oversupply of apartment, office and tourism properties. The supply of the apartment and 
office sectors grow quickly, which leads to a much stiffer competition in these sectors. That 
was why some real estate developers would move a part of its investment this year into the 
mid-end residential properties and retail developments while taking a cautious approach to 
building more tourism properties and high-end residences. According to Indochina Land 
Annual report, there were vast opportunities for mid-end housing development as a result of 
the country’s positive economic growth, compelling demographics and rapid urbanization.  

Finally the last but not least is the low level of transparency of the property market. The 
market performance is still considered as unstable and causes panic for true investors. 
According to Pham Si Liem2, one of the tools that can be used to stabilize the performance of 
real estate market in Vietnam is the introduction of property indices. The high official in the 
construction industry argues that, the economy as a whole, the financial institutions, 
individual investors and buyers will have benefits from a well functioning property index. 

                                                             
1 Source from General Statistic Office 
2 Vice President of Vietnam Construction Federation  
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There has been numerous of researchers state that real estate provides a higher risk-adjusted 
compared with other assets class and it is also a hedge against inflation. They argue that, in 
modern portfolio theory, real estate can reduce substantially the total risk in a portfolio. Since 
the usual metrics of risk and diversification rely tremendously upon measures of dispersion. A 
flaw in the aggregate real estate return series would underestimate or overestimate the 
riskiness of real estate asset class, and would distort its correlations with the returns of other 
assets (Edelstein and Quan, 2006). Compared to stock, there is a significant shortage on the 
long run performance of real estate. This is certainly because of the essential difference 
between the stock and real estate indices. Since stock prices are publicly available for most 
countries, thus it is somewhat easy to construct a long run stock index. In contrast, real estate 
prices are not public; therefore exact information about real estate performance is a scarce 
commodity for the present, in term of the distant past (Eichholtz, 1997). 

Accordingly, the accuracy of measuring properties returns series in the aggregate level has 
been attracted by a wide range of researchers. Fisher, Gatzlaff, Geltner and Haurin (2003) 
demonstrates three difficulties in capturing property market movement. First, property assets 
are highly heterogeneous and traded infrequently and irregularly over time. Individual asset 
prices provide asynchronous, idiosyncratic and noisy indications of the market value. Another 
potential problem, which is usually named as sample selection bias, describes the fact that 
only a fraction of all the assets in the market population transact during a given period, and 
those that transact may not be random sample of the population. The third essential problem is 
posed by the phenomenon that the private property markets typically display highly variable 
liquidity over the up and down trend of the market. Thus, the uncertainty which surrounds 
property performance measures has led to significant confusion both inside and outside the 
profession. The inaccuracy in presenting the movement of private property markets could 
potentially lead to a predisposition against property as an asset class which is not based on 
objective and rigorous grounds (Morrell, 1994).  

Nevertheless, it is not necessary to imply that real estate returns data are not useful. In fact, 
these data are remarkably valuable, as you can tell how much the academics and investors 
community have used them in the real world. However, the unique problems with real estate 
returns data do tell us that the use of these data is trickier than that of securities returns data. 
They also mean that there is a danger in the long run of a loss of credibility and legitimacy for 
the real estate asset class within the broader investment community. In the long run, the users 
of real estate returns data and their clients will be disappointed if they do not understand the 
unique problems, how to address them and use them wisely. Therefore, understanding the 
unique issues and problems associated with private real estate returns data is very important, 
not only for individuals but also as a type of public duty, for the long term health of the 
commercial real estate investment industry. (Geltner, Miller, Clayton, Eichholtz , 2006, 
chap.25)  
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Over the past few decades, the econometric procedures for solving these problems have been 
covered, thanks to the fast development of information technology. It is also a fundamental 
base for the development of econometric science when dealing with vast amount of data 
(Goetzmann, 1992). In this study, the author would like to present two basic types of property 
indices, which are appraisals based and transactions based; the errors attached behind them 
and the most updated solutions for the achievement of a better performance index. Appraisal 
smoothing and sample selection-bias, are among those most serious errors, will be introduced 
in the literature review. The author emphasizes on the transaction-based method which is 
thought to be more suitable with the Vietnamese property market. Overview about the 
evolution Vietnamese property market and Hanoi market in specific are introduced in the 
third section. Section four presents the empirical research where the property price index of 
the family apartment sector in the centre of Hanoi market is then derived from two different 
models: the hedonic model and the official model. The next section presents the results and 
discussions. The author will go through the limitation of the applied methods and some 
propose to improve the performance of the indices. The study summary and conclusion 
finalize this research in the last section. 

2. Literatures review 

2.1. NPI the flagship 
Apparently, real estate indices play an important role in understanding market movement as 
well as explaining the process of comparing price changes over time. Accurate price indices 
can be used in various kinds of applications such as property valuation, updating the 
property's value from a previous transaction, or calculating investment performance 
(Munneke and Slade B, 2000). In the 1970s, the leaders in real estate investment industry 
realized that it was critically necessary to compute, compile and disseminate series of real 
estate periodic returns in order for the investment establishment to perceive private real estate 
with a degree of credibility and legitimacy approaching of that stock and bond. The flagship 
National Council of Real Estate Investment Fiduciaries (NCREIR) Property Index (NPI) dates 
from the beginning of 1978, reporting quarterly total returns as well as income and 
appreciation components ever since, a history is now more than three decades long. At first, 
NPI was viewed skeptically by both academics and industry traditionalists, and their use was 
not widespread. There were quite good reasons for initial skepticism, however, and while 
important improvements have been, and will continue to be made, some problems and 
inherent and will remain (Geltner, Miller, Clayton, Eichholtz , 2006, chap.25). NPI collects 
data from the pension funds, real estate investment managers. Up to the year of 2010, the 
aggregate index now represents approximately 6,066 properties totaling close to $234,484(1) 
3million in value. Most people would agree that privately held and institutionally owned 
“core” commercial real estate is reasonably represented by the NPI (Fisher, Miles, and Webb, 
1999).  
                                                             
3 The figure is collected from http://www.ncreif.org 
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The return characteristics of the NPI have been well researched. Recently, Fisher, Geltner and 
Pollakowski (2007) has observed that the index exhibits a degree of “smoothing” and 
“lagging” relative to the underlying real estate market. Thus, this can be problematic for some 
research and analysis purposes, such as some types of multi-asset class studies and 
comparisons (including portfolio optimization), and studies of market turning points or 
historical market conditions. So what actually caused these serious statistical problems? In 
Geltner and Goetzmann (2000), the authors have shown that those unique problems were 
caused by the stale valuations, and artificial seasonality in the index returns due to the 
bunching of the reappraisals in the fourth calendar quarter. Therefore it is not accurate to 
address NPI as a true quarterly return index but it is more like an annual index partially 
updated each quarter, more up-to-date in the fourth quarter than at other times. 

2.2. Trade-off between transaction noise and appraisal errors  
Theoretically, empirical price indications are those of evidences that the real estate appraisers 
or investors anchor on when they are about to make investment decisions. There are two types 
of empirical indications of value in the direct property market: transaction prices and 
appraised values of the properties. Transaction prices of properties are those which are 
actually sold within the subject market or population of properties. Appraised values, on the 
other hand, are estimations of specific properties market values at specific points in time, and 
made by professional real estate appraisers. But appraisals are only estimates of value, based 
themselves more fundamentally on transaction price indication (Brown and Matysiak, 2000). 

Empirical value indications contain errors relative to the true market value of the properties. 
The error falls primarily into two major categories: purely random error (also known as 
noise), and temporal lag bias. It is very difficult to reduce temporal lag bias without increasing 
noise and vice versa. In featuring, “transaction price noise” or “transaction price error” is 
defined as the difference between any given observable transaction price and the 
unobservable true market value of a transacting property (Geltner, Miller, Clayton, Eichholtz , 
2006, chap.25). Therefore, by definition, this error will be equally likely of being on the high 
side or on the low side, and thus is unbiased as long as we assume all the transaction price 
observations occur at the same time.  

Property appraisals are also dispersed cross-sectionally around true market values as of any 
given point in time. However, unlike transaction prices the appraised values may be biased. 
The very rational behavior on the part of the appraiser may cause such bias, given the 
empirical information available in the real estate market. Empirically, some researchers have 
demonstrated that the appraised values tend to lag in time behind true contemporaneous 
market values. This is referred to as temporal lag bias.  Apparently, the tradition of 
professional appraisal is to use comparable sales that are individually examined and 
considered for their relevance and appropriateness to the subject property. However, this 
tradition in fact limits the comparable sales sample since there are only a few properties in a 
local market in a certain period of time. Therefore, the appraisers must reach back relatively 
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far in time to find more sale comps. The further they go, the more temporal lag bias they will 
achieve. (Geltner, Miller, Clayton, Eichholtz , 2006, chap.25). 

To illustrate, Graph 1 shows the trade-off between lag bias and random error in both micro 
and macro valuation level. The horizontal axis represents level of precision in the value 
estimate, while the vertical one represents the level of temporariness. In theory, there is 
existence of perfection points (zero points) in both axes which represent zero random error 
and zero lag bias. The constant utility functions are presented by the dashed convex 
indifference curves; the level of utility solely depends on the users’ perspective on the value 
estimation information. The graph emphasizes on the solid curves which represent the lag and 
noise trade-off frontier. The curve closer to the origin, labeled T  is the trade-off frontier for 
the disaggregate level, or can be called individual appraisal, where some few comps are used 
to evaluate a specific property. The further up curve, labeled T , which comprises of two 
sections: the straight horizontal section along the zero lag boundary and the steeper concave 
curve approaching the zero noise boundary. This curve represents the aggregation level which 
is relevant for index construction. An interesting implication we can extract from the trade-off 
frontier is optimal balance between the lag bias and the random error. While point A is 
considered as the optimal balance in the disaggregate level, point B, on the other hand, does 
not correspond with point A in the aggregate level curve. The optimal aggregate value 
estimation tends to occur at the “corner solution” which is presented by point C. (Geltner, 
Miller, Clayton, Eichholtz , 2006, chap.25) 

 
Figure 1: trade-off between temporal lag bias and random error. 

 (Source: Geltner, Miller, Clayton, Eichholtz , 2006, chap.25) 
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2.3. Appraisal based Indices 
Lagging and smoothing: two ways to address one phenomenon  
Despite the fact that a lot of literature have pointed out various disadvantages from the 
appraisal-based indices, they are still recognized as official property indices in some huge real 
estate markets such as in the US or UK4. Most of the drawbacks are related to the lack of 
independence between observations. Eichholtz (1997) argues that an inter-temporal 
consistency in the appraisal method must be improved in order to produce a long term 
appraisal-based index. The authors clarifies if the appraisal methods change over time, then 
the outcomes become incomparable; indices based on these appraisals would have major 
drawbacks.  

Developing the previous section, we will discuss one phenomenon which is caused by 
temporal lag bias. The pure effect of lagging (in the form of a moving average of true returns) 
is to reduce the apparent volatility (total risk) of the observable real estate returns. However, 
another more important indication is that it reduces the apparent beta (systematic risk) of the 
real estate returns measured with respect to a non-lagged risk benchmark such as stocks and 
bonds. Therefore, the movement of temporal lagging periodic returns is smooth compared to 
the true returns series. Some authors would call it appraisal smoothing (Geltner, Miller, 
Clayton, Eichholtz , 2006, chap.25).  

Interestingly, Edelstein and Quan (2006), based on an empirical research, argues that the 
impact of individual property valuation smoothing upon the smoothing in an aggregate level 
index is just the matter of empirical study. The authors demonstrate that the appraisal-based 
return of a real estate portfolio is constructed using individual property appraisals, however, 
since individual appraisals and their associated errors are averaged out, hence we cannot tell 
in which direction the result index is biased whether over or under-estimation. Unlike in 
Geltner, Miller, Clayton, Eichholtz (2006), the authors indicate that variance measures of 
portfolio performance based on appraisals are not necessarily biased even if individual 
appraisals exhibit biases; that is probably because individual property appraisal biases may 
offset in the aggregate level. However, smoothing in the aggregate can occur if appraisal 
errors are identical for each property in the portfolio in each period of time. Without detailed 
information about how each appraiser forms his estimates and how the estimates differ 
between appraisers, the impact of smoothing of the rate of return or the standard deviation of 
returns at the aggregate level is an empirical issue. But yet, the findings in this empirical 
research do not totally support this argument. The authors detect smoothing in the aggregate 
appraisal based index. The variance of appraisal based return indices is substantially 
understated; the variances are undervalued by 55% for their sample overall real estate return 
index. One more related interesting finding is that the rate of return for real estate is 
comparable to those achieved by CRSP and S&P indices, but less than those for small cap 
stocks (Edelstein and Quan, 2006). 

                                                             
4 The case of NPI and IPD property index 
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Dealing with smoothing 
Numerous of researchers in this field have attempted to suggest solutions regarding 
smoothing in the direct property returns series. Up to now, the state of the art seems to 
encompass two major alternative approaches for addressing the appraisal smoothing issue in 
aggregate-level of the private real estate market. One approach may be referred to as appraisal 
based solutions. One obvious character of this approach is that it still uses the appraisal-based 
returns. Based on foundation of this approach, there have been different authors who proposed 
variety of methods, among them we can list out here: ‘reverse engineering’ or somebody 
would call “de-lagging” (Geltner, MacGregor and Schwann, 2003); state-space model (Fu, 
2003); repeat measurement regression (RMR) model (Geltner and Goetzmann, 2000). The 
second major approach is to estimate purely transaction-based indices, based only and directly 
on transaction price data from the properties that have sold out of the relevant population, 
avoiding the use of an appraisal-based index altogether. The transaction-index approach is 
more statistical or econometric in nature, tending therefore to be more formally explicit and 
objective or transparent in its application procedure (Geltner, MacGregor and Schwann, 
2003). In the preceding sections, we will discuss in detail every individual method. 

Geltner and Goetzmann (2000) illustrates the presence of stale appraisals in the NPI by 
showing how NPI is compiled. Every quarter, the values and cash flows reported for all the 
properties in the database are summed up and compared this sum with the previous quarter for 
the same properties. However, one confliction is that a typical property is subjected to a 
serious reappraisal only once per year. Thus, each quarter most of the individual property 
values reported into the NCREIF database from which the NPI return is calculated are in fact 
“stale” valuations, appraised as of one or more quarters before. Essentially, the stale appraisal 
problem can be viewed as a missing valuation observations problem. In order to deal with this 
problem, Geltner and Goetzmann (2000) propose a repeat-measures regression model (RMR). 
Then, NCREIF began regularly producing and making available RMR-based version of the 
quarterly NPI from the beginning of 2001. This version of NPI is called “current value 
indicator” (CVI). Although, CVI is not considered as an official index, it does achieve quite 
positive results: the CVI largely eliminates the stale appraisal problem in the NPI, and CVI, 
by nature, is more up to date than the NPI; The authors also demonstrate that CVI leads the 
NPI about four quarters and has a higher volatility; And finally, a side benefit of the RMR 
procedure is the ability to estimate the magnitude of property-level random appraisal error. 
The authors estimate a standard error of around 10 percent among appraisals of the NCREIF 
properties (Geltner, Miller, Clayton, Eichholtz , 2006, chap.25). 

Another model which attempts to deal with the unique problems in the NPI is Reverse 
Engineering. The model is characterized by the fact that it starts with an appraisal-based index 
and then proceeds to ‘unsmooth’ (or de-lag) it. We have known that the appraiser rationally or 
even optimally when he/she appraises an individual property. However, the result is the past 
transaction price evidence actually appears in the current appraised value in a filter form. The 
whole idea of this method is essentially reverse this filtering process, to retrieve the 
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contemporaneous transaction price value indications relevant for each period of (Geltner, 
Miller, Clayton, Eichholtz , 2006, chap.25). However, Fu (2003) has pointed out two most 
major shortcomings of this method which are: lacks the capacity for identifying a dynamic 
lagging-error and lacks the capacity to incorporate observable market information beyond the 
observed index itself. 

Tackling the issue in a different direction, Fu (2003) introduces in his research on a model 
called state-space. The appreciation return of the observe price index in this model is 
accounted for by a latent appreciation return and the change in the latent lagging error. The 
author emphasizes that this model provides two important advantages compared to reverse 
engineering method: the lagging error can be made dependent on a variety of variables, 
including the latent appreciation return and the seasonality in reappraisal quality. And thus, 
this structure allows the evaluation and formation of testable hypotheses about the lagging 
error in the observed index and provides information about the goodness of fit of alternative 
characterizations of the latent appreciation return and the lagging error dynamics; second, this 
structure can benefit from the available market information, such as income returns and the 
short-term interest rate to improve the forecast quality for the latent return (Fu, 2003).  

One of the most abstract and difficult part in Fu (2003) is the advance econometric model of 
the State-Space. Basically, this model includes accounting of observed appreciation return and 
specification of the dynamic equations for the latent appreciation and lagging error. The 
author demonstrates that, we must rely on the number of indirect de-lagged index against the 
observe index if we cannot observe the true price appreciation in the market. Two ways to 
solve this problem were the proposed: (i) we examine whether the de-lagged index reflects the 
turning points in the market trend more closely than observe index based on anecdotal 
evidence. Because the turning points shown by the appraisal indices are believed to lag the 
downturns and recoveries in the market; (ii) we examine whether the de-lagged appreciation 
returns show increased sensitivity to market news compared to the appreciation returns of the 
observed price index. Finally, the author has concluded that the latent lagging error and “true” 
price appreciation that make up an observed real estate price index can be jointly estimated in 
a state-space model that reflects the proper dynamics of these latent variables. The resulting 
de-lagged index thus represents the most informative measure of the historical performance of 
the real estate given the signals and other available relevant market information (Fu, 2003). 

2.4. Transaction based indices 
Eichholtz (1997) argues that transaction-based indices are probably the best type of index that 
can be expanded to the past. This is simply because data usually is available in land registers 
or in municipal records. To construct a historic transaction-based index, one has to decide a 
sample of properties in which quality level is relatively stable in time. This is absolutely not 
an easy job especially for those indices regarding urban real estate. The further one wants to 
go back to the past, the more difficult it becomes to find the necessary transaction data, 
sometimes going back too far to the history is even impossible.  
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Song and Wilhelmsson (2009) points out three different methods in constructing transaction 
based indices. The first one is a simple average price index using arithmetic mean or median 
of sale prices. This type of index does not even attempt to control the different sorts of 
dwellings sold over time, hence it has a very limited use and application. The second and the 
third one are respectively called repeat sales price index and hedonic price index. In the repeat 
sales approach, only properties that are transacted at least twice during a sample historical 
period are used in the estimation database. The regression model is explicitly reflected the 
changes across time in value (longitudinal value changes or returns) within these properties. 
One of the very beginning attempts to construct a repeat sales index is Bailey, Muth and 
Nourse (1963). The result of this study suggest a conjecture which the authors do not attempt 
to prove for the general case, namely that the advantage of the repeat sales method for a 
particular period is greatest where the excess of initial over final transactions in all preceding 
periods is large and where the number of initial transactions in this particular period is large. 
The hedonic approach is on the other hand, uses all the transactions information in every 
period. There are so-called property-specific cross sectional explanatory variables are used in 
order to control the quality differences between the properties that transact in different periods 
of time (Geltner, Miller, Clayton, Eichholtz, 2006, chap.25). 

Hedonic regression method  
Many researchers recognize the significance of controlling statistically for the varying 
characteristics of properties in inferring price appreciation. In the last several decades, there 
have been a variety of hedonic techniques which were proposed to account for the important 
non-temporal or quality determinants of price variation (Lum, 2004). 

The hedonic regression method is popularly used in constructing house price indices. One of 
the major advantages of this method is that it can control the heterogeneous of properties. 
Bourassa, Hoesli and Sun (2006) argue that the method helps to recognize the high level of 
composition of properties: although attributes are not sold separately, by regressing the sale 
price of properties on their variety of characteristics yields the marginal contribution of each 
characteristic. In hedonic regression method, properties’ structure and location attributes are 
both included. Palmquist (1980) claims that the reliability of price indices derived from 
hedonic regression depends critically on the form of regression equation. Most of the data on 
the structural and neighborhood characteristic is fortunately possible to obtain in the housing 
markets. Structural attributes can comprise of the number of square feet of living space, 
housing style, the number of plumbing fixtures, fireplace, and built-in appliances; house 
basement and garage areas. The neighborhood characteristics are not less important which 
include of distance to parks, schools, shopping centers, healthcare centers; the availability of 
subdivision-owned facilities; the environmental quality.  

Basically, there are two techniques to construct an index based on hedonic method. The first 
one is called multiple hedonic, where a separate regression is performed in each period of 
time. The first step is running regressions by applying the estimated implicit prices to a 
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chosen set of attributes. The second step is to construct the price index based on the estimates 
of the implicit attribute prices. In the second approach, one overall hedonic regression is 
performed and time dummy variables are included. The estimated coefficients on the time 
variables yield the price index. There is no such argument of which approach is more 
appropriate for a general situation; however it is more the matter of the amount of collected 
data, the variance of the error term and the existence of heteroskedasticity (Bourassa ,Hoesli 
and Sun, 2006). In this paper, the author will dig down deeper the second approach. 
Following the model that Wilhelmsson (2008) used, the hedonic price equation is equal to: 

푌 , =  훽 +  푋 , 훽 +  푇 훽 , +  휀 ,          (1) 

Where Y  is the dependent variable transaction price, Y  is usually set in natural logarithm 
form, β  is a vector of parameters in accordance with exogenous independent variables, X . 
The error term ε  is naturally considered to satisfy the MLR.4 assumption in multiple 
regressions which means it has a constant variance and normal distribution. Fundamentally, it 
is assumed that all the relevant attributes are included in vector X , it implies that there is not 
existence of omitted variables bias though later on in this paper we will see that it is not 
always the case. The variable T  with subscript t is a dummy variable for each period equal to 
one for period t and zero otherwise. Equations (1) must be correctly specified, or otherwise 
both techniques are adversely affected. Palmquist (1980) confirms that if the semi-logarithmic 
equation is correct and the coefficients (except the constant term) are equal between periods, 
then the techniques will yield identical results. The dummy variable simply allows for the 
difference between periods, hence reveals the same results as the multiple hedonic regression. 
The index series would not be the same if aggregation of the data were not valid.  

Wilhelmsson (2008) illustrates that since the hedonic equation in log-form and the 
specification includes an intercept, the parameter estimates concerning the time dummies can 
be interpreted as marginal changes. In the model illustrated by the equation (1), the e(β , β , ) 
gives an estimate of the rate of growth in the average price with respect to the average price at 
the first period. Therefore, this approach can save one step in comparison with the previous 
one by deriving the hedonic price index directly from the hedonic price equation. The author 
implicitly assumes that the hedonic prices of the attributes are time-invariant, he himself 
thinks it is not a reasonable assumption. However, in Clapham et al. (2006), if we mistakenly 
assume constant implicit prices over time may not necessarily generate a biased property 
index. In order to check the legitimate of this assumption, we just only have to implement a 
simple F-test where we separate the sample into two sub-samples. 

The choice of functional form for hedonic price equations has been covered by Palmquist 
(1978) and Palmquist (1980). The author emphasizes that the reliability of the index series 
depends solely on the choosing of the correct functional form. The hedonic equation is 
comprehended as the result of the interaction between the demand for and the supply of 
variety of attributes. Therefore, the correct functional form can impossibly be determined on 
theoretical basis unless there is an existence of a costless repackaging of the attributes. For 
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that reason, the author claims that the equation form must be selected from an empirical point 
of view, and that form should cover as wide range as possible.  

In Meese and Wallace (1997), the authors clarify two drawbacks of the hedonic regression 
method.  The first one regards that the functional form of the relation is ignored and the 
second one is concerning of the appropriate set of the house characteristics to include in the 
analysis. Both problems can result in inconsistent estimates of the implicit prices of the 
attributes. Like mentioned in the previous paragraph, there are numbers of researcher have 
been trying to solve the first problem (functional issue), however the second drawback is 
considered as more serious and challenging to deal with, it is called omitted variable bias. For 
years this problem has been plaguing the researchers in this area. It has always been the case 
that in order to produce a consistence estimates of implicit hedonic prices, the one has to 
assume that all the omitted variables are already included in the analysis.  

One clever attempt to deal with the problem existed in the hedonic approach, Clapp and 
Giaccotto (1992) suggests a smart specification which is called “assessed value model”. This 
model treats available properties’ assessed values or appraisals as a catch-all composite 
variable that reflects all property characteristics. The assessed value method has two major 
advantages: first, it shows a significant simplification of the database; second, the data 
represent all transactions between independent parties, not just those handled by certain real 
estate profession. Despite those advantages, this approach has not been accepted as an official 
index estimate practice in a lot of real estate markets.  

In a further explanation on the consequences of omitted variables bias, Wooldridge (2006) 
shows that the estimated parameters regarding time would be biased in the upward way if the 
omitted variable is positively correlated with the time dummy variables and with the price. 
And the other way around, if the omitted variable is negatively related to price, the bias will 
be negative. The author emphasizes that the increase of unobservable characteristic over time 
can be taken as a price appreciation when it is actually just the result of the change in 
characteristics. Furthermore, spatial dependency can also be caused by omitted variables. 
Wilhelmsson (2008) explains that observation at one location can have dependence on other 
observations at a number of other locations. The author also explains further a general spatial 
model incorporates a spatial structure into both dependent variable and the error term.  

Repeat sales method  
The repeat sales approach was first proposed by Bailey, Muth and Nourse (1963), and within 
the last three decades it has experienced resurgence in the literature as we can list out here Lee 
(1976), Haurin and Hendershott (1991), Crone and Voith (1993), Meese and Wallace (1997), 
Clapp  and Giacotto (1999), Clapham, Englund, Quigley and Redfearn (2004). The primary 
advantage of applying this method is that specification error is theoretically eliminated. Since 
the same asset is observed between two periods and its quality remains constant, there is 
neither need to obtain contributions price of the individual component attributes nor to form a 
functional relationship among attributes (Knight, Dombrow and Sirmans, 1995). 
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Let V  be the value of the property when it sells the second time and V  the value at first sale. 
Then: 

ln(V ) − ln(V ) = β . ln X +  γ . T −  β . ln X +  γ . T  
 

(2) 

Dummy variables T  and T  represent the periods of sale, and i subscripts the measured 
housing attributes X, with coefficients β. Assuming that the property’s characteristics and the 
relative contribution of these characteristics to the property’s composite price do not change 
in the interval between sales, then equation (2) can reduce to: 

ln
V
V =  γ −  γ   

(3) 

In equation (3), the relationship in repeat sales can be described by a regression of the log 
form of the ratio of the second price to the first price on a set of dummy variables representing 
the time periods covered by the sample. The dummy variables are negative one for the period 
of first sale, and positive one for the period of the second sale. The coefficients γ (s,f  = t, t = 
2,…,T) represent the price effect of a sale in period t. The first period, t=1 serves as the base 
against which change is measured.  

According to Eichholtz (1997) the repeat sales method has some important advantages over 
hedonic regression. The most obvious point is that it does not require the property 
characteristics data, since it is based on the appreciation of individual properties. In principle, 
only sale price and sale time are needed to construct an index. However, the author also 
demonstrates some disadvantages of this method. First, the repeat sales method wastes data 
because as mentioned only repeated transactions can be exploited. Nevertheless, this problem 
does not cause any serious consequence if the sample period is long enough. 

The second drawback of repeat sales method is that the properties that are transacted more 
than one time during the sample period may not be representative of all transactions. This 
may refer to sample selection bias. Clapp and Giaccotto (1992) compares houses that are sold 
often as lemons of starter homes. For short sample periods, there is considerably high 
possibility that those lemons and starter homes dominate the transactions in the sample. More 
about sample selection bias and how to fix it will be discussed in the later paragraphs.  

The third disadvantage of repeat sales method is that it does not take changes in property 
quality as well as attributes between sales into consideration. The problem can be clearly 
expressed particularly when the interval between sales is so long. However, this problem can 
be overcome in different solving directions which are covered in a number of literatures. 
Eichholtz (1997) proposes  a hedonic measures approach where repeat sales estimator takes 
care of all  the property characteristics that remained constant between transactions, while the 
hedonics take care of the characteristics that have changed. Canaday, Munneke, and Tyler 
(2004), on the other hand proposes a model which is called multivariate repeat sales. The 
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model is capable of incorporating different paths of depreciation by controlling for the age 
and time between two sales separately. In this paper, we will dig down a little bit deeper on 
this particular method. 

A lot of literatures within the context of repeat sales method claim that it is impossible to 
separate the effect of time from the effect of some attributes that change, such as age, when 
estimating the price of a durable asset over time. As stated in the equation (3) the price 
appreciation is only as a function of the difference in the asset’s price between two points in 
time. However, the model completely ignores the effect of asset’s age, which has changed 
over time, even if the asset’s physical attributes remain constant. Thus, the price appreciation 
result cannot solely be attributable to change in time. In multivariate repeat sales model, one 
can generate a time and age varying price index under minimal additional assumptions. The 
model can separate the time effect from age effect and vice-versa; it can produce either time-
varying age-constant index or time-constant age-varying index. (Canaday, Munneke, and 
Tyler, 2004). 

Deriving from the multivariate repeat sales model, the authors in Canaday, Munneke, and 
Tyler (2004) propose an age-adjusting price index. This index can be considered as extended 
of the index series produced from equation (3), or in fact the model presented by equation (3) 
is just a special case of the multivariate repeat sales model. The authors claim that the age 
adjusting approach can both reflect the time and the age effect as well as incorporate different 
paths of depreciation. The empirical results implemented by the authors show that the index 
derived from equation (3) underestimates the speed of appreciation of older properties and 
overestimates the appreciation rate for the newer properties. Thus, the results once again 
signify the importance of incorporating the improvement’s age at the start of the index to 
generate the return on a property. Moreover, the multivariate repeat sales model can also sort 
out the price effect associated with the change in the age of the house from the price effect 
due to changes in the time between the sales of the property. The index series that produced 
by the age adjusting model shows a very similar pattern with the index series from the 
traditional repeat sales method, hence it reinforces the confidence in the reliability of the new 
index (Canaday, Munneke, and Tyler, 2004). 

Sample Selection Bias 
Haurin and Hendershott (1991) points out that sample-selection bias in transaction-based 
indices is the result of a phenomenon when the sample of sold properties transact more 
frequently than the population of properties and when these properties appreciate (depreciate) 
more rapidly than the overall population of properties. The authors demonstrate that the 
overrepresentation of some categories of properties in the sold sample and the differing rate of 
appreciation (depreciation) cause the index to misrepresent the population of properties.  

Sample selection bias comes from several sources. Guilkey, Miles, and Cole (1989) proves its 
existence in the NPI and bring out the roles of sales motivations of portfolio managers is 
likely recognized as a source of the bias. The authors illustrate by one simple example that 



 

 
 

15 A Case Study on Property Indices | Nguyen Minh Khoi 

new pension funds purchase smaller properties due to their capital constraints; however, as 
the funds grow, managers would likely sell off the smaller premises to purchase the larger 
ones which are considerably more sophisticated and managerial-efficient properties. This 
eventual sell-off may create an overrepresentation of small properties in the sold sample. The 
smaller premises here remind us about the metaphor “lemon” as mentioned in Clapp and 
Giaccotto (1992) literature above. Another typical possibility that may cause sample selection 
bias is that household mobility depends on the ability to obtain a down payment on the 
desired house. If the house rapidly appreciates then it would be better to sell it and to be 
overcome the down payment. This hypothesis suggests that frequent sales will tend to be 
observed in rapidly appreciating neighborhoods. The last but maybe not least source may 
come from the declining market when the mortgage default rate is highest for houses with 
rapid price depreciation. If these houses are resold, then they may be overrepresented in the 
repeat sales sample, hence biasing the estimate appreciation rate downward (Haurin and 
Hendershott, 1991). 

For years, the researchers in the field have been trying to deal with sample selection bias. Lee 
(1976) is one of the flagships. The author derives a procedure for testing and correcting for 
sample-selection bias in the estimation of models. The corrected price function is found by 
adding and subtracting the conditional expectation of the error term to the total price equation, 
resulting in the expected value of the new error term to equal zero. Lee (1976), in one attempt, 
uses the standard two-stage model to prove the presence of sample-selection bias in the 
analysis indicates that the construction of commercial indices from samples of sold properties 
requires careful consideration of sample-selection bias when measuring the impact of property 
characteristics on price. However, the results also indicate that further research is necessary to 
examine the impact of this bias on the estimates of the time parameters. 

There is a model which was first proposed by Case and Quigley (1991), is basically a method 
which combines repeat sales information to the hedonic pricing model. The paper presents 
and tests a simple model of real estate prices, includes desirable features of both approaches 
to estimation of price appreciation, which means that it uses all the possible available 
information on property transactions, whether they are single or repeat sales. The 
characteristics of the index series give the authors the confidence to argue that the model has 
added precision, by comparing transaction prices for the same properties whenever possible. 
As long as any changes have been caught then the model makes appropriate comparison 
whether or not property characteristics have been changed. The authors estimate a system of 
equations of single sales and repeat sales by a two-step generalized least squares method. 
Those equations are thus used to estimate price appreciation over time from three sub-samples 
of data: single transactions where one sale is observed; multiple transactions where the 
physical and location characteristics of properties are unchanged; and multiple transactions 
where the physical or location characteristics of properties have been modified between sale 
dates by renovation or other forms of investment. More recently, the hybrid model was 
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improved by incorporating some error structures explicitly like in Quigley (1995) and 
Englund, Quigley and Redfearn (1999). 

In principle, the repeat sales model can be considered as a special case of the hedonic pricing 
model, which in turn is also a particular case of the hybrid model. One character with a 
general model is the more general it is, the fewer assumptions it imposes, and the less 
vulnerable it will be attacked on its assumptions. Nevertheless, the generality does not come 
without any cost. A vast amount of information is required to in order to operate the more 
general model like the hybrid one (Chau, Wong, Yiu and Leung, 2005). In general, the hybrid 
model is more efficient than the hedonic pricing model, but is still subject to the charge of the 
functional form assumption and the omitted variable bias. 

SPAR 
Bourassa, Hoesli and Sun (2006) proposes a method which combines information from 
appraisals and transaction prices to construction property price indices. The method is called 
sale price appraisal ratio (SPAR) method in which aim is to satisfy desirable criteria for house 
price indices, but that would be substantially simpler than the traditional methods mentioned 
above. SPAR index is actually an arithmetic repeat index. In every transactions (both the first 
sale and the repeat sale), the official government appraisal of the property and the arm’s 
length transaction price are recorded. The advantage of using official appraisal as the first 
measure in the pair of repeats is that all appraisals for a geographical area are typically as of a 
particular date, which means that the properties sold in a given period will usually have 
valuations in a single base period for comparison purposes. This is according to the author 
considerably simplifies the index calculation because it is not necessary to use an estimation 
technique. The equal-weighted version of the index is calculated as follows: 

I =  S /A /n / S /A /n I  
 

(4) 

In equation (4), I  is the equal-weighted index number for time period t, S  is the sale price 
of property j during time period t, A  is the appraised value of property j as of the base or 
appraisal time period, and n is the number of sales transactions. Compares to the repeat sales 
method, SPAR utilizes all transactions that have occurred in a given housing market, as a 
result it is less prone to sample selection bias. Another advantage is that it will not be revised 
when data for new time periods are added, which is not the case of repeat sales method. With 
the assumption that appraisals are adjusted by the value of improvements, the index is 
constant quality, except for age. The authors maintain the advantages and limit drawbacks of 
the SPAR model; they also strongly encourage governments to apply this model to develop 
housing price index, which it is the case of New Zealand (Bourassa, Hoesli and Sun, 2006). 

Constant Liquidity Index  
In line with other transaction based approaches, Fisher, Geltner and Pollakowski (2007) has 
proposed a comprehensible model based on a rich a amount of information in the NCREIF 
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database. The authors argue that: “The NCREIF Index is now ready to evolve into two more 
specialized successor families of index products: one tailored for fundamental asset class 
research support and the other tailored for investment performance evaluation benchmarking 
and performance attribution.” (Geltner and Ling, 2001)  

As the NCREIF Index has matured, meaning that we, the researchers or real estate investors, 
can take advantage of its database with sufficiently huge number of transparent properties 
transactions. In combination with recent development in econometric methodology, we can 
possibly produce a useful Transaction-Based Index (TBI) from the NCREIF database. TBI is 
calibrated directly on the transaction prices of properties sold each quarter, is capable of on-
going, regular production at the quarterly frequency, not only reporting total investment return 
but also the capital appreciation return component, at the all-property level and at the level of 
the four major property sectors. One of the most important features is that TBI could be used 
for the mass appraisal of all the properties in the NPI database every quarter with a higher 
degree of reliability compared to stale appraisals which we have mentioned in the previous 
section. What is new with TBI is that it allows a separate estimation of movements on the 
demand side and on the supply side which leads us into a brand new concept called “Constant 
Liquidity Index” (CLI) (Fisher, Geltner, and Pollakowski, 2007).  

Principally, liquidity in the private market is defined as the rate of asset transaction volume, 
the inverse of the expected time on the market for a representative asset sale. Fisher, Gatzlaff, 
Geltner and Haurin (2003) proposed a model, namely FDDH, represents a double-sided 
search market with heterogeneous participants and heterogeneous properties. The authors 
demonstrate that the liquidity is much higher in the up-market than in the down-market. They 
suggest that the demand side reservation price distribution moves faster and farther than the 
supply side distributions in response to news regarding to property value. Based on that 
observation, constant liquidity index is constructed by the movement on the demand side of 
the market, that is, the movements in the buyers’ reservation prices. To the buyers, the price 
changes and match with the movements in the buyer’s population’s reservation prices will 
reflect changes that would preserve a constant ease of selling, realistically assume. We can 
simply understand that it is a constant expected time in the market (Fisher, Gatzlaff, Geltner 
and Haurin, 2003).  

As a result, Fisher, Geltner and Pollakowski (2007) reveals some interesting findings. The 
Transaction-Based Index shows a greater volatility than the NPI, and exhibits a slight lead the 
NPI in some major turning points. However, it is also important to note that TBI’s volatility is 
still less than of the stock and bond asset classes and its 1  autocorrelation is comparable 
with both REITs and the stock market assets than NPI does. Mentioning about 
autocorrelation, this figure appears in TBI is lower than in the appraisal based NPI. Finally, 
the authors once again support a classical finding that is private real estate plays substantially 
an important role in the portfolio optimization, especially in the more conservative (lower 
return target, lower risk) range of investment policy. 
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Comparison between methods 
There is a very rich collection of literature discussing the pros and cons of different 
transaction-based real estate price index models along with the empirical evidence from 
Canada (Mark and Goldberg, 1984), the U.S. (Case, Pollakowski and Wachter, 1991; Crone 
and Voith, 1992; Gatzlaff and Ling, 1994; Meese and Wallace, 1997) and Sweden (Englund, 
Quigley and Redfearn, 1999). Theoretically, the strengths and weaknesses of different types 
of indices can be assessed based on four criteria. The first is whether the method yields a 
constant quality index. A desirable property index should only reflect the changes of 
properties that have the same characteristics over time. It should be the result from changes in 
the market prices of characteristics, not from the differences in the characteristics of the 
properties that are transacted in various periods. Bourassa, Hoesli and Sun (2006) argues that 
this criteria is extremely important feature for any real estate index. There is a debate among 
the researchers in the field of whether or not we should keep age and location quality constant 
when constructing an index. Clapp and Giaccotto, (1992) claim that those characteristics 
should not be considered constant if the aim is to measure the return to the typical 
homeowner.  

The second criterion is whether or not the properties sample that forms the basis for the 
construction of the index is representative for the property population. Put it in another 
statement, there should be no evidence of sample selection bias in the desire index 
construction method. The third criterion is the absence of revision; which is, the historical 
index values are unchanged when transaction prices for subsequent time periods are added. 
The last criterion, an index should be easy to construct and not require excessively complex 
estimation techniques or huge amounts of data. However, there may be a tradeoff between the 
first and fourth criteria. More emphasis on constant quality may require more data (Bourassa, 
Hoesli and Sun, 2006). 

Table 1: how each of the index construction methods fares with respect to each of the four criteria. 
Souce: Bourassa, Hoesli and Sun (2006)  

In the previous sections, we have covered numbers of transaction-based methods in the 
previous sections, however due to the limitation of this paper; in this section, the author 
considers only six index construction methods: two hedonic specifications, two repeat sales 
estimations, the hybrid method, and the SPAR method. The multiple equation hedonic method 
refers to the estimation of separate equations for each time period, while the single equation 
hedonic model refers to the estimation of one hedonic regression with time dummy variables. 
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Two types of repeat sales specifications are examined. The first includes all repeat sales that 
occurred during the period under review, while the other excludes the repeat sales on 
properties whose quality changed between the first and the second transaction. The hybrid 
method and the SPAR model are respectively analyzed.  

As shown in the Table 1, all methods except repeat sales are fairly satisfied the first criterion 
which is the possibility to construct constant quality indices. The reason for the dissatisfaction 
of the repeat sales model is that any property that has sold repeatedly and whose quality has 
changed betweens sales would then bias the index series. For the second criterion on sample 
selection bias, Table 1 shows that the repeat sales and constant quality repeat sales method are 
considerably dissatisfied while the other four methods are slightly better in this criterion. As 
discussed above, sample selection bias is most serious drawback of repeat sales approach; 
however it is also a matter with hedonic regression method. Gatzlaff and Haurin (1998) show 
that changing economic conditions affect the statistical composition of the samples of sold 
properties. Hence, there is evidence in their empirical result suggests that sample used in the 
hedonic analyses probably suffer from sample selection bias. SPAR and hybrid model also 
rely on the same sample as hedonic pricing model and thus are prone to sample selection bias 
as well (Bourassa, Hoesli and Sun, 2006). 

The third criterion for a desirable property price index is that historical numbers should not be 
altered as data for more recent periods become available. Table 1 illustrates clearly that repeat 
sales are prone to revisions. When new sales data are added, a subset of these will make up a 
match the first sales that occurred previously, as a result, historical index values will also 
change. Clapp and Giaccotto (1999) find that revisions in repeat sales indices are large, 
insensitive to sample size, and systematic. Hybrid models contain a repeat sales component; 
therefore they are certainly prone to revision as well, though in a lower level. On the other 
hand, SPAR and multiple hedonic do not require any historical revisions when new data are 
added. This is simply because SPAR indices are perfect Fisher index and multiple hedonic 
regressions are performed for each period of time. Single hedonic model with time dummy 
variables is sensitive when new data are added, and is subjected to be revised, but to lower 
degree than repeat sales methods.  

The last criterion is how easy to administer the index construction. While SPAR and repeat 
sales are considered to be easiest to manage, the hybrid models are considered to be 
excessively complicated. For both hedonic approaches, a large database on property’s 
characteristics is required, thus gives a lot difficulty in various econometric issues as well as 
data administration (Bourassa, Hoesli and Sun, 2006). 

3. Overview about Vietnam property market and the case of Hanoi  

3.1. The key milestones in political economy changes in Vietnam  
After Geneva Accords in 1954, Vietnam was divided into two parts. The North followed 
communist idealism and was led by President Ho Chi Minh, the South was ruled by a republic 
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Government in which the head was President Ngo Dinh Diem. In the period of 1954 to 1985, 
the North Vietnam adopted the centrally controlled planning model following the Soviet 
model. The country was united in 1975, this model was then spread out to the South, which 
later on was claimed as such a substantial waste (Nguyen and Kammeier, 2002). Under the 
centrally controlled economy, the state had full dominant role in urban development 
investments. The state administrative mechanism controlled and allocated all types of 
investments which made an extremely low efficiency and effectiveness in construction 
investment. According to the official statistics, about one third of investment value was 
wasted in state construction projects, making any returns on such investment projects 
impossible5. 

In 1986, acknowledging of a severe macro-economic instability and stagnation, the 
Communist Party Leader Nguyen Van Linh initiated economic Reform, known as Doi Moi 
policy. This gradually drives Vietnam integrating into the world market economy. The 
country is then rapidly transforming to a more decentralized transitional economy, “where the 
allocation of resources is determined by a mix of market mechanisms and central state 
control” (Nguyen and Kammeier, 2002). As a result, both foreign and private development 
has boosted. Ten years after Doi Moi, the number of private enterprises increased eleven fold 
from 576 (in 1986) to 6311 (inn 1995), while total registered capital of foreign investment 
reached US$31 billion6.  However, Rao (1999) and Gough and Tran (2009) argue that there is 
still clear evidence of a state-controlled economy in the current planning culture. The authors 
point out three typical behaviors (i) public investments are still playing the most important 
role in driving and facilitating development; (ii) government intervention has not always put 
in appropriate manners in order to maintain market efficiency and social equity; (iii) both the 
state and the private sector interests are represented through the formal political system. Even 
though, what the comprehensive economic reform has brought was the key factor to 
significant changes and achievements in the new era of Vietnam.   

3.2. Land and housing policy evolution  
Nguyen and Kammeier (2002) have illustrated an overall picture on the changing of Vietnam 
housing market in the last 60 years. Before the Communist Revolution in August 1945, the 
private ownership was legal and normal practice. However the socialist reform in 1958 has 
changed all the previous concepts about ownership since all private properties and 
productions were gradually converted to state ownership. During the 13 years period after the 
reform, all the private land owned by the farmers was brought into collective ownership in the 
form of “cooperative farming units” and “state enterprises” despite the theoretical existence of 
the property private ownership in 1960 Constitution. After the reunion in 1975, the 1980 
Constitution gave the State the full ownership on every kind of property in the entire country. 
Thus, no private right on property was allowed, not even on paper. Any private land 

                                                             
5 Ministry of Construction Annual report, 1992. 
6 General Statistics Office 
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transaction was considered illegal and land allocation was decided through a central 
administrative mechanism rather than any of the market principles.  

Since Doi Moi, the Land Law 1988 legalized the land private ownership and the State 
functioned as the administrator. A major progress was that the land and the housing market 
were half opened and oriented to market principles, but yet properties were not allowed to 
trade freely in the market. However, and significant and historical change have been made in 
the Land Law 1993, a legal basis for allocation and lease, securing land use rights of 
landholders including the rights for long-term use, transfer, inheritance, lease, mortgage, and 
compensation for expropriation. Unfortunately, due to the strong and direct intervention of the 
Government, the property market was extremely miss-functioned. The two-price system for 
land and housing market is a typical example that Truong and Perera (2010) points out. Land 
valuation and price was fixed by a so called “Land Price Frame” rather than decided by the 
market. The actual transaction price in the real property market was reported three to four 
times higher than the price frame provided by the Government. This is actually a fruitful 
condition for those who have positions and information to take arbitrage of an irrational 
system which unintentionally enlarges the inequality in land and housing allocation in 
Vietnam (Gough and Tran, 2009). Figure 5 in the Appendix visualizes the land policy 
evolution in Vietnam. 

3.3. Two-price System 
As mentioned in the previous section, Truong and Perera (2000) states that the Land Price 
Frame (LPF) has become a specific characteristic of Vietnam housing market. From the 
beginning, the State intended to use LPF as a tool to orient the market land price. The LPF is 
utilized for land valuations, for the purposes of land allocation, land renting, compensation for 
site clearance and displaced old owners, or calculating tax when land is transferred to new 
users (Han and Vu, 2008), (Truong and Perera, 2000). The authors then continue to 
demonstrate an interesting finding that the price frame does actually help the Government in 
controlling the accessibility to land for developers and attracting more investment. To clarify, 
the authors say that most foreign investors were either obliged, or found it favorable and 
necessary to establish joint ventures with Vietnamese partners, especially with the State-
owned enterprises. As a result, the foreign investors could have access to land through the 
contribution of Vietnamese counterparts.  

Nevertheless, the big difference in two-price system remains a lot of disturbances which lead 
to difficulties in land acquisition throughout the country and compensation for displacing old 
land owners. Since 2003, under the approval of the National Assembly of Vietnam, the 
official land price frame would be adjusted annually by the Provincial Government. The price 
frame work basis must be close around to 70% of the market price. But still, Table 13 in the 
Appendix shows the extreme low Government Price in Ho Chi Minh City. Consequently, 
such differences are the core reasons lead to overheating conflicts between the Government 
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and a proportion of poor farmers who were forced to sell their properties with low price 
(frame price) to foreign developers.  

3.4. Hanoi housing market: 
Prior to Doi Moi, in general, there were three main types of accommodation in Hanoi. The 
‘tube houses’ in the Old Quarter, which have a narrow frontage and are very deep; the large 
villas of the French Quarter, which used to belong to high officials in the French colonial 
period and then were renovated and reallocated as multifamily accommodations; and state 
housing, mainly Soviet style uniform apartment blocks with collective kitchens and 
communal toilets (Smith and Scarpaci, 2000).  

Under the central planning period, the State played the central role of the only producer and 
distributor of housing for most of urban residents. The Government officials, staffs or military 
officials benefited directly from the housing subsidized program while the bigger proportion 
of the urban population, those who worked for state-owned enterprises, dwelled in the 
uniform residential units which were distributed by their working organizations (Nguyen and 
Kammeier, 2002). The main purpose of providing to the state employees the same living 
space and conditions in form of uniform residential areas were to leveling out the social 
differences in the process to the socialist ideology (Trinh and Parenteau, 1992; Waibel, 2004; 
Gough and Tran, 2009). However, the State housing subsidized program could not meet the 
huge demand of its own civil. Therefore the State had to allocate their limited apartments to 
those employees based on their rank and number of years they had been serving the State. 
Drakakis-Smith and Dixon (1997) shows that only 33% of the demand was actually fulfilled 
leading to a serious housing shortage in the city. The average living area per person in Hanoi 
declined from 6.7 sq m to 4 sq m, and there were 40,000 households having less than 2 sq m 
per capita.  Rental rates were set below the level of real costs so the State did not have enough 
sources to implement periodical repair and maintenance (Nguyen and Kammeier, 2002, 
Gough and Tran, 2009).     

On the other hand, those who were not supported by the housing subsidized program had to 
build their own dwellings. Most of them did not have any construction license. According to 
Gough and Tran (2009), in the period of 1986 and 1995, 65% of newly build private houses in 
Hanoi were without any type document or development control. Consequently, the urban 
façade and landscape were enormously destroyed. To illustrate this point, the authors explain 
that the new range of land and housing policies which were in introduced in 1986 gave more 
room for individuals, organizations and companies to engage in housing production. This 
triggered a housing boom in Hanoi. Thousands of multi-story houses and hundreds of hotels 
were built and replaced the old tubes houses in the Old Quarter. A substantial number of 
French colonial villas were demolished and replaced by high-rise office building while only 
some of them were preserved as Hanoi cultural heritage (Waibel, 2004). Since 1997, the 
Government introduced a series of new polices to encourage large scale housing development 
such as exemption of land premium and tax breaks. In the late of 1990s and especially in the 
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beginning of 2000s, numerous of large scale projects are ground-broken, expanding the city to 
the South West direction. Some statistics have shown that housing supply have improved 
enormously. More than 4 million sq m of housing was added in the period of 1998-2005, 
among 60% of them was constructed by the private developers. By 1999 the average living 
area per capita have increased to 10.5 sq m compared to 4 sq m in 1993 (Gough and Tran, 
2009).     

Despite large amount of housing produced by both self construction and large planning in 
new urban areas, supply could not meet the overheating grow of demand. Gough and Tran 
(2009) argues that hot money inflows from economic boom, population growth, rapid 
urbanization and migration to metropolitan cities were the major explanations to the rising 
demand. At the same time, those factors also lead to heavy investment and widespread 
speculation in real estate market, which repetitively boost up the price of properties. Real 
estate prices are reported to have an increase by an extraordinary rate of 500% in the center of 
Hanoi between 1990 and 1993. In 2006, the average purchased price of a new apartment in 
Hanoi reached US$100,000–200,000, which is about 10–20 times the annual income of an 
average worker.  

In supporting the previous point, Luong (2011) adds up: the property price in general and the 
housing price in particular in big urban areas is not only much higher than average incomes 
but also extravagant compared to its real value. The extravagant price of real estate in some 
ways allows the property market become a playground for speculators. Explaining to this 
extreme high level of realty prices, the author shows that it mainly comes from the sharp 
increase in input prices. Furthermore, the investors trend to decide the prices of their products 
by themselves, depending on different periods and market demand. Some investors, in a bid to 
maximize their profits, use tricks to pump the prices up, contributing to the truth that the 
property price level has been pushed further and further away from the capacity of buyers 
who have the real demand. The problem has existed for a long time in Vietnam. In defending 
for themselves, some investors say they have spent hundreds of millions dollar while it takes 
at least four years to reclaim their investment capital, excluding other huge expenses (both 
recorded and unrecorded) for site clearance, license and design. In the macro level, these 
present challenges are explained by weakness in planning. The tax is not heavy enough to 
curb the property speculation. The very low level of transparency in providing information 
relating to the land leads to many negative influences. The author suggests some solutions: the 
authorities should harmonize the property market and raise its capacity and effectiveness in 
macro-level management; Vietnam should focus to build more housing segment and social 
housing programs; provide information relating to land and housing market, as well as inspect 
and timely punish violations in investing and trading properties. 

Another problem with Hanoi real estate market is the access to housing and opportunities to 
improve housing are distributed unevenly and unfair between social groups. It is very 
common that the developer of a project signs cooperation contracts with organizations, 
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individuals or other secondary entities to distribute a part or all the housing units they 
produce. Therefore, only a small part of housing units are actually sold to real home-seekers 
through real estate agents or transaction floors. The bigger stake is allocated to those who do 
not have real need of housing but to invest and sell it to the open market and earn profits. 
There is clear evidence that the new housing production is only available and purchasable for 
the high income groups while the middle and the low income groups are paid a little attention. 
Lately, the Government has promulgated some policy packages which are expected to solve 
the housing problem for the socially disadvantaged groups. Some projects, called “Social 
housing for the low-incomes”, which were initiated by Hanoi local authorities. Despite a lot 
of attention and effort have been made, the quantity as well as quality of the new housing 
blocks were not as good as expected.  

One of the major causes to the ridiculously high housing price in Vietnam which must be 
mentioned here is the existence corruption and bribery. The local authorities have “too much 
power” in their hands to decide which individuals or organizations to be allocated land since 
the law does not provide clear instruction on whether the land should be granted or auctioned. 
The Land Price Frame which is usually set much lower than the actual market price was 
exploited. Individuals and organizations pay the local authorities generously in different ways 
in order to achieve the desired lots of land (World Bank, Embassy of Denmark, Embassy of 
Sweden, 2011). Those unwritten expenses are somehow included in land acquisition 
expenditures, which then boost up the housing price. As a result, the low and middle income 
class cannot afford to buy a house is very easy to understand.  

As a conclusion about Vietnam property market, Gough and Tran (2009) states that the lack 
of regulations, the overlap of functions and responsibilities, and the existence of irregular 
practices beyond state control have created many institutional constraints hampering the 
development of a real housing market. 

4. Empirical analysis 

4.1. On choosing a suitable method in the empirical research 
Lum (2004) states that the hedonic price regression model is the most suitable for 
constructing cross-sectional quality adjusted house price indices. This argument has gained 
quite a large consensus in the literature within this area like in in Song and Wilhelmsson 
(2009) and Eichholtz (1997).  The authors states that repeat sales price index has some severe 
problems that they are very sensitive to influential observations, sample selection bias, and the 
implicitly assumption about the parameter constancy over time is violated. Therefore, repeat 
sales method index has a very limited use in the study of regional price fluctuation. The 
hedonic regression model is considered “substantially more stable than repeat-sales indices 
and are not prone to the systematic downward revision found in the repeat-sales indices”. 
The authors argue that it is not a theoretical problem, but a practical one. The reason why the 
estimates are not stable is that the sample changes, as more periods are included. With the 
same view, Geltner, Miller, Clayton and Eichholtz (2006) claims that there are both some 
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advantages and disadvantages to repeat sales and hedonic index, however the balance of 
consideration often favors the hedonic approach when the transaction sample is relatively 
sparse. Based on this argument, the author of this paper has enough confidence and courage to 
produce a hedonic price index for the family apartments in the centre area of City of Hanoi. 
The author will then compare the hedonic index series with the index series calculated by the 
official method that the Ministry of Construction has promulgated in the Decree 20, 20107.  

Two major obstacles for the author has in order to construct a property price index in 
Vietnam, are data collecting and the other regarding to the frequent adjustments in the 
Government’s policies. Currently, there has not been any legitimate property registration 
system as well as property database in the national scale in Vietnam. In dealing with this 
problem the Government has encouraged all real estate stakeholders to implement their 
property transactions through a number of licensed intermediation floors. However this policy 
has not yet been successful as it should have been, according to an unpublished report from 
the Ministry of Construction, those kinds of transaction only account for 30% of the total 
trading volume in the market, the rest 70% are non-recorded. The second difficulty, which is 
usually claimed by foreign investors, is the frequent changes in the real estate policies by the 
Government. The reason for this point can be apprehended as the lack of the accurate 
information, also the confusing of the Government in macro-level administration in the 
uprising hot property market in Vietnam. 

4.2. Data description 
Despite the obstacles mentioned above, the author could collect 898 observations from three 
main sources: the Department of Land and Real Estate Management (DLREM) of Hanoi 
Peoples Committee, Savills Vietnam and SeaBank8 Business Center.  The data comprises of 
898 arms-length transactions in four center districts of Hanoi during the 7-month period 
between January and July 2011. While the majority of the observations were collected from 
DLREM (753 observations) which contain rich information on the properties’ characteristics, 
there are only 112 observations obtained from SeaBank and 33 from Savills which contain 
very limited details on properties and transactions information. Fortunately, the author can 
easily find the missing information on those 145 apartments due to the fact that they all 
belong to four new projects in which information are shared publicly in the websites of the 
developers.  

As can be observed in Table 14 in the Appendix, 14,2% of the apartments were finished 
before 1990 and most of them are communist five-floor uniform-block apartments. The 
majority of these apartments do not have detailed information as those were built after 1990. 
Therefore, the author has to deduce the missing information from the Construction Books of 
the Ministry of Construction from 1980 to 1990. The author suspects that this occurrence to 

                                                             
7 Decree 20, 2010, promulgated by the Ministry of Construction, on guidance to construct property price index 
for four municipalities in Vietnam. More on this Decree is coming the following sections.  
8 SeaBank is a private bank in Vietnam, established in 1994 and is ranked as the 7th biggest bank in the country.  
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some degrees has violated the randomness of the selected sample and thus might affect the 
result of this research.  

Hanoi is the capital city of Vietnam, and is the country’s second largest city9. Over the last 
two decades Hanoi has experienced a tremendous growth. The city urban area has expanded 
almost six folds from 39 km  in 1997 to 234 km in 201110. The reason why Hanoi was 
chosen as a sample city to construct a property price index in this paper is not only because 
Hanoi is a hot emerging market but also the only city that the author has access to the 
property database. Due to the scope and the limitation of this paper, the author only takes four 
centre districts into account when calculating the index series. These four districts lie in the 
area of 39 km2 and have the population of 1,1 million people (The area which is surrounded 
by the red border in Figure 2). Since the early years of the 1900s, these four districts had been 
the four original urban districts of Hanoi. Until 1997, in order to raise more foreign 
investment into Hanoi, the Government decided to upgrade four surrounding rural districts to 
become urban districts (Tay Ho, Cau Giay, Thanh Xuan and Hoang Mai), and in the late of 
2003 two more districts were added (Long Bien and Ha Dong).  

 
Figure 2: Hanoi map, four centre districts and surrounding new urban districts 

Source: Wikipedia 

Table 2 illustrates the size and population of four centre districts. Hoan Kiem is the smallest 
and has the lowest population, is the city center in which the old quarter has become a tourist 
attraction. Construction activities are strictly restricted in this area in order to preserve the 
historical and cultural values. Dong Da and Hai Ba Trung is on the other hand, the size and 
population are more than double of Hoan Kiem. Those districts were used to be the residential 
area for folks who were granted to live in the communist five-storey blocks. However, since 

                                                             
9  The largest city in Vietnam is Ho Chi Minh City. The size of the whole municipality area is 2098 sq km with 
the population of 7,5 million. 
10 Souce: Wikipedia 
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1997, the majority of those blocks was privatized and the replaced by a considerable number 
of commercial high-rise buildings as well new residential areas. More of those blocks will be 
deconstructed in the near future. Ba Dinh has a fairly different theme since it is the place 
where houses all the important offices of the Central Government. Not so many projects were 
licensed in this area.  Only some high-end residential apartment buildings were built and 
preserved for high officials who work for the central Government.  

Centre Districts Area (km2) Population 
Ba Dinh 9,22 228 352 
Hoan Kiem 5,29 178 073 
Dong Da 9,96 352 000 
Hai Ba Trung 14,6 378 000 
Subtotal 39,07 1 136 425 

Table 2: The population and sizes of the four centre districts 
 Source: Wikipedia 

The data which is used to observe a property price movement in Hanoi is mostly based on the 
transactions’ information of the new blocks. As we can see Table 14 in the Appendix, 51% of 
the properties are less than seven years old and nearly 28% were either completed in 2010 or 
in this year 2011. The author believes that this fact would later tremendously affect the 
regression results, since the ages of those new apartments do not necessarily have an impact 
on the transaction prices.  

While most of the observations were recorded in Dong Da, only 50 transactions were actually 
captured in Hoan Kiem. We can observe that Hai Ba Trung has slightly more transactions 
than Ba Dinh, but in general they are quite similar if we compare those figures to total figure. 
We can clearly realize that the majority of the transactions lay in class B apartments. In fact is 
that the author actually did not receive any provision on property classes, but he did sort out 
all the properties into class A, B and C (provided in table 3) in compliance with the Housing 
Law 2005.  

 District A B C Total 
Hoan Kiem 6 43 1 50 
Ba Dinh 25 132 7 164 
Dong Da 35 412 51 498 
Hai Ba Trung 16 137 33 186 
 Total 82 724 92 898 

Table 3: number of observations tabulated by Districts and Apartment Classes 

Table 4 shows the number of observations in monthly basis. In principle, the time of sales was 
actually the date when the final contract is signed. Fortunately, this rule holds for every 
property even though they were collected from three different sources. In February, the 
number of transacted properties was considerably less than the other months. It can be 
explained by the fact that February is Lunar New Year month. Vietnamese people are very 
hesitant to trade during this time because they believe that if they make a loss in this particular 
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moment then it could bring bad luck to them in the rest of the year. Most transactions 
occurred in April, though there is no clear evidence that the property market in this month is 
more active than the others.   

 District Jan Feb Mar Apr May Jun Jul Total 
Hoan Kiem 6 2 6 9 9 9 9 50 
Ba Dinh 26 10 23 22 30 24 29 164 
Dong Da 65 45 72 104 73 78 61 498 
Hai Ba Trung 28 14 26 30 31 33 24 186 
Total 125 71 127 165 143 144 123 898 

Table 4: number of observations tabulated by Districts and Months 

In table 5, the used variables are described. The variables are Age, Transaction Price, Area, 
the number of sleeping rooms and toilets, the number of the elevators in the building, the 
width of the street that crosses the main entrance of the building, the floor where the 
apartment lies in and the number of floors the building has (underground floors are not 
included). The transaction price variable is presented in million Vietnamese Dong (VND). 
The average price is about 3,4 billion VND while the lowest price is accounted for 680 
million VND, pretty much lower than the average one. In April, the most expensive apartment 
was recorded as high as 19,9 billion VND in Hoan Kiem district. The standard deviation is 
about 57% of the average price which is relatively acceptable. The average price in July is 8% 
higher than the in January shows that the price level did actually appreciate and increase 
significantly in just a short period.  

  
Mean Median Standard 

 deviation Max Min 

Age 10,42 6,00 9,48 51,00 0,00 
Price 3435,87 2895,00 1961,13 19950,00 680,00 
Area 80,64 75,00 34,96 228,00 18,00 
Sleeping room 2,23 2,00 1,34 4,00 1,00 
Toilet 1,53 1,00 0,60 3,00 1,00 
Elevator 1,88 1,00 1,85 6,00 0,00 
Passing street 12,39 9,50 7,71 35,00 3,00 
Apartment floor 7,74 5,00 6,27 32,00 1,00 
Building floor 12,85 7,00 9,06 32,00 3,00 

Table 5: Data description 

As discussed above on the age of all properties, we can also see in this table that the average 
age is pretty low if we compare with the database in other literatures. The standard deviation 
is almost as high as the average figure which might have a negative effect on the quality of 
the regression results in the econometric analysis part. The oldest apartment was recorded as 
old as 51 years old. It is actually a French style apartment situated in the very center of Hanoi. 
It was substantially renovated in 1960 that is why the author considered this year as the 
finished year. The family apartment has an average size of 80m2. Not surprisingly, the largest 
apartment (228m2) is also the same one which has the highest price and the smallest 
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apartment (18m2) is also the one with lowest transaction price. The standard deviation is 
pretty low under the average area.  

The summarized figures on the number of sleeping rooms, toilets and elevators do not have as 
much indication as the other variables’ do since the variable values only vary among the 
integers between 1 and 6. The width of the passing street allocates the location and traffic 
attribute of the apartment building and thus is believed to have a significant contribution to 
the transaction price. The average width of the passing street is 12,4m and the standard 
deviation is 9,5m. Giai Phong Avenue, which is the city southern threshold with the widest 
span of 32m, passes through a number of residential buildings in both Dong Da and Hai Ba 
Trung district. The last variables concerning on the height of the building and in which floor 
of the building the apartment lie in. The highest building recorded in the database has 32 
floors and in average an apartment would lie on somewhere between the 7 and the 8 floor.   

4.3. Models 
The Official Property Price Index 
In October 2010, the Ministry of Construction issued its Decree number 20 on guidance how 
to produce of the first official property price index in Vietnam. The index will be reported in 
the four biggest municipalities across the country: Hanoi, Ho Chi Minh, Da Nang, and Can 
Tho. Each region is then divided into smaller segments mostly by its existed administrative 
districts. In addition, there are sub-indices in different sectors will be calculated in every 
single segments. Table 6 summarizes all the sectors and subsectors in which indices will be 
produced.      

Sectors Subsector 1 Subsector 2 
Residential Family apartment Class A,B,C 

Single family house In the old districts and new urban areas 
Raw land In the old districts and new urban areas 

Commerical Retail Class A,B,C 
Office Class A,B,C 

Table 6: Sectors and subsectors 

The official index will be calculated by the Average Price Adjusted (APA). The Ministry has 
decided to apply APA as the official and legitimate method in calculating price index in 
Vietnam market.  In the Decree 20, the officials state that this method is the most suitable 
method for the Vietnamese property market at the moment, however no specific arguments on 
why it is suitable were provided. Since the index is reported monthly, the January 2011 is 
chosen as the base period. The official index will go publish for the first time in October 
2011.  The data is collected from Notarization Office and Tax Office. The collected 
information includes transaction price, transaction date, property attributions such as living 
area, location, access to telecommunication services, etc.  

The distinction of this method is the concept of representative property. It is defined as a type 
estate which is transacted most frequently in a period. Every sectors or subsectors in different 
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segments must have a representative property which is subjected to change in every period. 
The prices of all other the properties in the same subsector and segment should then be 

adjusted up or down for every single collected property attribution. The adjustment Ai
j for 

characteristic i of the property j is limited within the amplitude of +/-3% for a single property 

attribute. For illustration please look at formula 5 below. Ci
reand Ci

jare the values of property 
characteristic i of the representative  property and property j respectively. Thus, without any 

difficulty, we can see that the adjustment value Ai
jis exactly equal +/-3% for those properties 

in which a particular characteristic deviates the most from the same figure of the 
representative one: 

A = 3% ×
C − C

Max ABS(C −  Ci
re)

 
 

(5) 

The adjusted price PA
j of a property j is actually equal the sum of the transacted price PT

j and 
the total adjustment of all k property characteristics. 

PA
j = PT

j +  Ai
j

k

i 1

 
 

(6) 

The index is then calculated by the proportion of the average price adjusted of the current 
period over the average price adjusted of the based period. Let’s take the centre of Hanoi and 
its segmentation mentioned above to illustrate the calculation process. The index formula for 
family apartment in a segment is as follow: 

퐼 =  
G
G  × 100% 

(7) 

Gi
z: is the average of adjusted price of all transactions in period i in segment z. z is one of the 

four centre districts in Table 2. Go
z  is the average of adjusted price in the based period, in this 

research, the base period is January 2011. Ii
z is the price index of family apartment in period i 

in segment z. The aggregate family apartment index in the Centre of Hanoi is then calculated 
by the following formula: 

Ii =  
∑ wi

z4
z 1

∑ wi
z

Ii
z

4
z 1

 
 

(8) 

wi
z is the transaction volume weight of segment z, and Ii is index number of family apartment 

in period i. Intuitively, we can see the numerator in the formula 8 is equal to 1. The result of 
the price index of Hanoi family apartment sector calculated by the official method can be 
found in the table 7 below. 
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  Jan Feb Mar Apr May Jun Jul 
Official Index 100,00 97,97 98,82 109,27 100,29 98,09 98,99 
Median Index 100,00 91,49 106,77 108,91 107,23 107,28 110,80 
Mean Index 100,00 94,59 102,84 104,38 105,49 103,12 108,15 

Table 7: Index series, derived from Official Method, Mean and Median Index 

Hedonic model 
In the hedonic regression model the author uses 15 attributes to explain the price appreciation 
of the family apartment in Hanoi market. In general, those attributes can be divided into two 
groups. The first one includes the property individual characteristics and the second one 
regards to the property neighborhood characteristics.  

The first attribute of the “property group” can be named as the property age. However, the 
way this attribute is expressed in the hedonic equation varies in different models which will 
be explained more in the later part. The second attribute in this group is the property living 
area. This one is expressed in natural logarithm in the hedonic equation. The third one 
concerning the apartment quality, two dummy variables are used to refer the class A and B 
apartment. The number of toilets, sleeping rooms and building elevators are also counted. For 
toilets and sleeping rooms the author uses dummies variables while the number of elevators is 
expressed by the integers ranging from one to six. The directions, where the main balcony 
exposes to, are expressed by 7 dummy variables (the base direction is the West). While 
Legitimation is a dummy describes the fact that if the seller owns the Red Book or not, the 
Corner indicates if the apartment lies in the corner of the floor or in between two other 
apartments. The access to car parking and motorbike parking are also included in the model. 
Those 4 attributes are also expressed by 4 dummy variables. 

The second group includes the location and neighborhood attributes of the property. The 
number of floating floors of the building and the floor where the property lies in are expressed 
in natural logarithm. Three dummies are used to indicate in which district the property is 
located. In this model the author uses Hoan Kiem district as the base segment. The idea 
behind this is simply because the model will have higher number of observations since Hoan 
Kiem has the lowest number of transactions. Finally, regarding the level of traffic access 
convenience, the natural logarithm of the passing street width is used to estimate its 
contribution to the price appreciation.  

Ln(Pricei,t) =  β0 + [Age]. β1 + Xi,t. β2
individual property

characteristics

  + Yi,t. β3
location

characteristics

+ Tt. β4
time dummies

+ εi,t (9) 

Formula 9 presents the general hedonic models the author uses in this paper. There are totally 
four different models are estimated. The basic difference between models lays on the vector 
Age and vector T. In model A, the Age vector is expressed by the actual age and the square of 
it. All the apartments which were finished in year of 2011 are excluded from this model. 
However, in model B, C and D, the Age vector is expressed by a group of dummy variables. 
Detail of age grouping can be found in Table 10. The time dummies vector T refers the 
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frequency the index series are updated. In model A and B the index series are calculated in 
monthly basis while a two-month and quarterly dummies are adopted in the model C and D 
respectively.  

In Wooldridge (2006), the author argues that heteroskedastisity is a common phenomenon 
that exists in a model which contains relatively high number of variables. Heteroskedasticity 
breaks the assumption 5 in the OLS model which assumes that term of error variance is 
constant for every observation. Bearing the suspicion that heteroskedasticity exists in the 
hedonic models of this paper; the author uses a simple White’s test in order to detect its 
existence. 4 models described above were estimated by OLS as usual, the test is implemented 
by running a regression of square of the estimated residuals on the fitted values and its square. 
If at least one of the coefficients in this regression is statistically significant then the null 
hypothesis of homoskedasicity can be rejected, then it implies that heteroskedasticity exists. 
Table 8 below shows the result of the simple White’s test. We can easily observe that none of 
the p-values is greater than 0,05 which means that we cannot reject the existence of 
heteroskedasticity in every model at 5% level. 

  Model A Model B Model C Model D 
White's test for Ho: homoskedasticity 

  F-value 5,380 3,590 3,340 3,720 
p-value 0,005 0,028 0,036 0,025 

 Table 8: The White’s test results 

Fortunately, a number of Econometric literatures included Wooldridge (2006) confirm that a 
method which is known as heteroskedasticity-robust procedures is valid method which can 
help us to ignore whether or not the errors have constant variance. We do not need to know 
which is the case. In a large sample size, a practice which is being used more and more in the 
applied world nowadays is that we only report the heteroskedasticity-robust standard errors in 
cross-sectional application. Thus, the author does not need to worry about the existence of 
heteroskedasticity when running the robust regression.         

4.4. Results and discussions  
The R square adjusted across all models are the in average of 93,7%, which are considerably 
high if we compare this result to other similar literatures. The robust regression results are 
presented in table 9, 10 and 17. While Table 9 shows the coefficients and t-values of the all 
the statistically significant variables, table 17 in the Appendix presents the same results for 
those variables which are not significant. The coefficients of time dummies, which later on 
are used to calculate the index series are shown in Table 10. 

All the coefficients have the expected signs except the case of Age and Square Age in the 
model A. Moreover, those two coefficients are not statistically significant either. As 
anticipated in the section above, the fact that more that 50% of the apartments are less than 7 



 

 
 

33 A Case Study on Property Indices | Nguyen Minh Khoi 

years old may cause a problem when we use age as an explanation to the price appreciation11. 
In addition to that, the lack of record in quality characteristics in the dataset did also make up 
to this problem. In order to avoid the insignificance of the age variables the author has 
adopted model B, C and D by using a set of set of age dummies. The result shows that all of 
these age dummies are significant at the 5% level. The apartments with the age in the range of 
six to eight have the highest price, almost 16% higher than the base group12.  

With respect to age attribution, the new produced apartments in the year of 2011 and the year 
of 2010 are not even the in the top four when their prices are only in average 6,4% higher than 
the base group. The explanation for this occurrence is that, those new apartments are in the 
hands of few speculators in the market Luong (2011). Hence the new units are empty and not 
fully furnished they are just being transferred from one to another without any actual resident 
moving in it. However on the other hand, those older apartments, which actually have people 
living in it, are transacted with a better price because they are fully equipped and recently 
renovated before selling to the new residents. And once again, since this information was not 
recorded; then the age contribution cannot be explained by model A is somehow easy to 
understand.          

We can observe that the t-value of natural logarithm of area is significantly high in all models 
and thus we can state that the variable of area is best explained by the hedonic models. The 
result suggests that for every one percent increase in the apartment area the price increases by 
approximately 0,89%. While this figure seems to be quite reasonable, the price increase when 
adding one more elevator is difficult to explain. However, the fact that the price increases by 
8,2% in model A but only by average of 6,6% in other models when one more elevator is 
added can only be explained by the multicollinearity between the variables in the model. 
Table 15 in the Appendix suggests that the correlations between some variables are 
considerably high like of the case of Elevator and Building floor or Elevator and Age. 
Wooldridge (2006) states that multicollinearity does not affect the truth that estimated 
coefficients are unbiased; however if one of the variables is removed from the model then 
regression result can demonstrate a significant change. In this case, Age and Square Age are 
replaced by the Age dummies is actually the reason behind the big difference in price 
appreciation between model A and other models.  

The models display expected signs in coefficients of the rest three variables in natural 
logarithm forms like Passing Street, Apartment floor and Building floor. If the width of the 
passing street increase by 1% then the price of the apartment would slightly reasonably 
increase by 0,05%. Nevertheless, the coefficient magnitude of the other two variables cannot 
be easily translated into actual words because you cannot say that if the number of floors in a 
building increases by 1%. The rigid but complicated formula, suggested in WoolDridge 

                                                             
11 The author means that Age is expressed in the same form as it was used in the models of Song and 
Wilhelmsson (2009) or in Case and Quigley (1991) 
12 The base group is the apartments in the age between 24 to 51 year-old 
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(2006), illustrates how much the price changes if the variable in the log sign changes one unit. 
However, it is not necessary to be shown up in this paper, but yet the signs of these 
coefficients do give us a tremendous meaning. The negative signs do say that the higher floor 
an apartment lies on or the higher the building the lower the price of that apartment would be.        

       Model A Model B Model C Model D 
Age 0,006 - - - 

 
(1,710) - - - 

Square Age 0,000 - - - 

 
(-2,000) - - - 

Age01 - 0,063 0,065 0,064 

 
- (1,970) (2,040) (2,010) 

Age23 - 0,124 0,127 0,126 

 
- (3,850) (3,920) (3,900) 

Age45 - 0,144 0,148 0,149 

 
- (4,220) (4,310) (4,380) 

Age678 - 0,158 0,159 0,154 

 
- (4,630) (4,680) (4,540) 

Age9to17 - 0,064 0,067 0,068 

 
- (2,780) (2,930) (2,980) 

Age18to23 - 0,063 0,066 0,067 

 
- (3,280) (3,480) (3,510) 

Ln(area) 0,893 0,893 0,898 0,896 

 
(30,740) (32,720) (32,800) (32,880) 

Number of elevators 0,082 0,066 0,067 0,066 

 
(7,490) (5,860) (5,890) (5,840) 

Ln(Passing Street) 0,048 0,051 0,051 0,051 

 
(4,860) (5,470) (5,490) (5,440) 

Ln(Aparment Floor) -0,031 -0,033 -0,033 -0,034 

 
(-3,410) (-3,850) (-3,900) (-3,970) 

Ln(Building Floor) -0,057 -0,063 -0,064 -0,062 

 
(-2,280) (-2,490) (-2,510) (-2,440) 

Class A 0,636 0,652 0,650 0,652 

 
(21,780) (23,110) (23,060) (23,410) 

Class B 0,370 0,372 0,371 0,371 

 
(16,920) (18,700) (18,810) (18,890) 

Ba Dinh -0,122 -0,123 -0,123 -0,123 

 
(-3,830) (-4,010) (-3,980) (-4,030) 

Dong Da -0,149 -0,142 -0,142 -0,143 

 
(-4,720) (-4,790) (-4,750) (-4,810) 

Hai Ba Trung -0,182 -0,176 -0,175 -0,176 

 
(-5,700) (-5,710) (-5,650) (-5,740) 

Observations 818 898 898 898 
R square adjusted 0,938 0,937 0,937 0,937 
Table 9: robust regression results for those variables which are statistically significant, t-values are 

reported in parentheses 
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The models seem to explain extremely well the classification of the apartments. Using class C 
as the base group, the result shows that class A apartments are in average 64% more 
expensive than class C, while class B apartments are only 37% more expensive than the base 
group. The t-values are relatively high across the models, and again it is always the case that 
the t-values in model B,C and D are higher than the same value in model A. Finally, regarding 
the location attribute, the signs and the magnitude sequence between districts are completely 
in line as predicted by the author. Hoan Kiem is the city center where family apartments are 
bid with the highest price, 17,5% higher than in Hai Ba Trung, 14,5% higher than Dong Da 
and 12% higher than Ba Dinh. The t-values are fairly high, and are not significantly different 
between models. 

  Model A Model B Model C Model D 
February -0,036 -0,027 - - 

 
(-1,570) (-1,200) - - 

March -0,002 0,014 - - 

 
(-0,090) (0,740) - - 

April 0,021 0,036 - - 

 
(1,110) (2,120) - - 

May 0,007 0,016 - - 

 
(0,340) (0,870) - - 

June 0,018 0,031 - - 

 
(0,970) (1,770) - - 

July 0,021 0,030 - - 

 
(1,060) (1,670) - - 

Mar and Apr - - 0,036 - 

 
- - (2,640) - 

May and Jun - - 0,033 - 

 
- - (2,430) - 

Jul and Aug - - 0,040 - 

 
- - (2,470) - 

Quarter 2  - - - 0,029 

 
- - - (2,780) 

Quarter 3 - - - 0,031 

 
- - - (2,170) 

Observations 818 898 898 898 
R square adjusted 0,938 0,937 0,937 0,937 

Table 10: Coefficients of time dummies, t-values are reported in parentheses 

The rest of the coefficients of other variables are presented in Table 17 in the Appendix. 
Apparently, the number of sleeping rooms and toilets cannot be explained by any of the 
models, which is very disappointing because other literatures, such as Case, Pollakowski and 
Wachter (1991), demonstrate high t-values for those variables. Other unexpected outcomes 
are the significance of the direction dummies. In Hanoi, the direction of the main balcony is 
remarkably important reference before a person makes a final decision in purchasing an 
apartment. Due to the climate characteristics, it is common that the apartment with its balcony 
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facing East and South are bid with a higher price than the apartments facing other directions. 
However, this fact is not proved by the model, and the same thing happens with the variables 
describing the Red book and the Corner apartment. Unlike other variables shown in the table, 
the dummies describing the existence of car parking and motorbike parking are in fact 
statistically significant though with low t-values. Interestingly, there is a contradiction which 
is shown by the results is that the existence of motorbike parking contributes more to the 
transaction price than the car parking (8,2% against 5%). The author strongly believes that all 
of these occurrences can be explained by the low level of data quality and if more 
observations are collected the results could be dramatically improved.  

One of the reasons why model C and D were adopted in this paper is certainly because none 
of the monthly dummy coefficients are statistically significant as we can easily observe in 
Table 10. The explanation behind this can be the insufficient number of observations per 
month. When more observations are grouped in one dummy, the results seem to perform 
better. The t-values of two-month or quarter dummies in model C and D have increased 
compared to monthly dummies, and therefore its coefficients are significant. The index series 
are then calculated by using Formula 10. 퐼  and 퐼  are the index number in period i and the 
base period respectively. 훽4  is the coefficient of time dummy in the period i. The hedonic 
index series are presented in Table 11.  

Ii = Ib + 100 × eβ4i − 1  (10) 

  Jan Feb Mar Apr May Jun Jul 
Hedonic Index Model A 100,00 96,43 99,82 102,08 100,66 101,86 102,11 
Hedonic Index Model B 100,00 97,30 101,37 103,65 101,58 103,18 103,10 
Hedonic Index Model C - 100,00 - 103,64 - 103,39 (104,12) 
Hedonic Index Model D - - 100,00 - - 102,92 (103,18) 

Table 11: The hedonic index series from four models 

Graph 3 and 4 illustrate the fluctuation of the price appreciation of the family apartment sector 
in the Hanoi Centre market. While Graph 3 shows the monthly indices derived from different 
methods, graph 4 presents only indices derived from hedonic models, but in different time 
basis. If we observe graph 3 carefully, all the index series seem to have quite similar pattern 
except the Official one. They all plunge dramatically in February, moderately recover in 
March, reach to the top in April, slight drop in May and June and finally end up above 100 
points in July.  

  Stdev Official  Median Mean  Model A Model B 
Official  3,97 1 

    Median 6,69 0,33 1 
   Mean  4,35 0,26 0,96 1 

  Model A 2,01 0,41 0,93 0,89 1 
 Model B 2,23 0,45 0,95 0,88 0,97 1 

Table 12: The volatility of the index series and the correlation between them 
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Looking at Table 12, we can observe that the Median index exhibits the highest volatility, 
while the hedonic series express the lowest volatile level. The correlation between index 
series show that the Official index seems to have a quite different pattern compared to others. 
Not surprisingly, the two hedonic model series are very highly correlated, and the correlations 
between them and the Mean and Median series are also relatively high.  

Despite the Official index is an odd among those index series, there is not enough evidence to 
conclude that the method is fail to describe the movement of the property market. 
Nevertheless, we can point out here some of its drawbacks which may allegedly have caused 
the problem. First, we can name out here the adjustment amplitude. It is setup to the 
maximum of 3% for every single attributes no matter how important it may contribute to the 
price appreciation of a property. For example, the area attribute is certainly more important 
than motorbike parking, and thus should be put more weight when calculating the price 
adjustment. But instead all the adjustments are leveled out to the 3% amplitude in spite of 
attribute importance. On choosing the right representative property is very critical in the 
Official method, because the price of other properties are then adjusted based on their 
attributes. Unfortunately, the definition is extremely vague and blurred and the selection 
process of the representative property can be very subjective. Choosing the wrong property 
may change the index series enormously and thus this can be listed as the second drawback of 
the official method. The last but not least problem may lie in the fact that the official index is 
money weighted index. Accordingly, the segment with high transaction volume may dominate 
the other segments in the aggregate index. As we can see in Table 16, the transaction volume 
of Hoan Kiem district accounts for 54,4% of transaction volume of Hanoi Centre, and thus 
Hoan Kiem dominates remarkably the Hanoi official index.  

 
Figure 3: Monthly Apartment Index in Centre Hanoi derived from different models 
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Compared to other index lines, the hedonic lines move relatively smoothly together. The 
hedonic model does not contain any of the drawbacks that mentions above. In general, the fact 
that the hedonic models can explain more than 93% of the observation sample and they have a 
very high correlations with the mean and median series do not concretely indicate that the 
hedonic models should have been the official one than the average price adjusted method. 
Nevertheless, that fact does give us the confidence to say that the hedonic model to some 
extent may be more suitable with this particular family apartment market in Hanoi than the 
other method would do. Proving such statements of what method is better and what method 
should be applied is unfortunately beyond the limitation of this paper. The author gives some 
space for his own or others’ research in the future. The author believes that there are number 
of things which can be done to improve the performance of index series derived from both 
methods.  

The first common recommendation is that improve the quality of the data sample. In this 
paper, the author collected data from three different sources, and somehow he had to 
manipulate some missing data in order to populate all the required fields. By doing so, the 
sample selection was biased and thus seriously affects the outcomes. The next is increasing 
the number of observations is the second recommendation. Due to an unpublished report of 
the Ministry of Construction, only 30% of the property transaction population is actually 
recorded in Vietnam via the Tax Office or the Property trading floors. So by tightening the 
property trading regulations, forcing all the transactions must be implemented via trading 
floors will tremendously improve the sample both qualitatively and quantitatively.  

Some recommendations particularly for the official index, the author emphasizes firstly to 
remove the 3% adjustment amplitude. Instead detail guidance should be provided to sort the 
importance of different attributes and therefore the adjustment amplitude will vary based on 
its contribution to the property price. In order to solve the last two drawbacks of the official 
method, the author suggests adjusting the segmentation of Hanoi centre. In the future, when 
more observations are collected, it will be more difficult to pick the right representative 
property in a segment. By re-dividing Hanoi centre into smaller segments to Ward level do 
not only make the process of choosing representative property easier but also minimize the 
probability that a segment would dominate the aggregate index. If these recommendations are 
implemented in the future researches, the author believes that the performance of the official 
index will be vastly improved and consequently will be widely accepted and used by the 
property society.     

5. Conclusion 
This paper has covered almost all the modern approaches in constructing the return series in 
the direct property market. In modern portfolio theory, real estate can reduce substantially the 
total risk in a portfolio. Therefore, a flaw in the aggregate real estate index would cause a 
tremendous consequence for all the stakeholders in the industry. A series of unique problems 
attaching with different index constructions method were presented in the study. 
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Understanding those problems and giving solutions to reduce them are very critical not only 
for individuals but also as a type of public duty, for the long term health of the commercial 
real estate investment industry. 

In general, there are two major approaches in producing property indices: the appraisal-based 
and the transaction-based approach. While smoothing is most serious problem attached in the 
appraisal-based series, the sample selection bias has been plaguing the researchers working on 
the transaction-based indices area for years. The transaction-index approach is more statistical 
or econometric in nature, tending therefore to be more formally explicit and objective or 
transparent in its application procedure. Basically, there are three common models in the 
transaction approach: the hedonic model, repeat sales and the hybrid model. There is a 
consensus among literatures saying that hedonic regression model is the most suitable for 
constructing cross-sectional quality adjusted house price indices. The author therefore has 
chosen the hedonic regression model in the empirical part as the opponent method against the 
method which recently is appointed as the official method in constructing property indices in 
Vietnam. 

The study also provided a snapshot on the evolution of the Vietnam property market. The 
study has come to a conclusion that the lack of regulations, the overlap of functions and 
responsibilities, and the existence of irregular practices beyond state control have created 
many institutional constraints hampering the development of a the Vietnam housing market 
Gough and Tran (2009). 

In the Empirical part, an Official index series and four different hedonic models were 
constructed. The Official index seems to have different pattern compared to the hedonic 
models’ and the Mean and the Median series’. The study concludes that there is not enough 
information to confirm which method is better than the others. The issue on choosing the most 
appropriate method applied for the Hanoi family apartment market is left for the future 
research when the sample size and the quality are considerably improved. The study finishes 
by providing recommendations in order to achieve a better performance of the property price 
indices for future study on this issue.  
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6. Appendix:  

 
Figure 4: Hedonic Indices in monthly, 2-month or quarterly basis. 

 
Table 13: The Government Price and the market price in Ho Chi Minh city in 2009 
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Figure 5: Land reform vis-à-vis policy in Vietnam  

  Jan Feb Mar Apr May Jun Jul Total Percent 
Hoan 
Kiem 27 225 2 600 13 255 36 870 27 520 21 340 28 861 157 671 5,10% 
Ba 
Dinh 105 645 38 959 72 572 95 088 130 357 93 728 109 695 646 044 20,90% 
Dong 
Da 232 012 126 442 284 640 352 788 248 513 246 915 193 124 1 684 434 54,48% 
Hai Ba 
Trung 122 997 41 565 98 427 87 684 97 535 89 604 65 617 603 429 19,52% 
Total 487 879 209 566 468 894 572 429 503 925 451 587 397 297 3 091 577 100,00% 
Percent 15,78% 6,78% 15,17% 18,52% 16,30% 14,61% 12,85%     

Table 16: The total transaction volume in Million VND tabulated by districts and months 
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Age Frequency Percent Cumulative 
0 79 8,80 8,80 
1 170 18,93 27,73 
2 71 7,91 35,64 
3 55 6,12 41,76 
4 17 1,89 43,65 
5 44 4,90 48,55 
6 22 2,45 51,00 
7 8 0,89 51,89 
9 9 1,00 52,89 

10 14 1,56 54,45 
11 1 0,11 54,56 
12 4 0,45 55,01 
13 21 2,34 57,35 
14 7 0,78 58,13 
15 23 2,56 60,69 
16 52 5,79 66,48 
17 13 1,45 67,93 
18 36 4,01 71,94 
19 65 7,24 79,18 
20 25 2,78 81,96 
21 35 3,90 85,86 
22 16 1,78 87,64 
23 28 3,12 90,76 
24 12 1,34 92,10 
25 29 3,23 95,33 
26 11 1,22 96,55 
27 1 0,11 96,66 
28 6 0,67 97,33 
29 12 1,34 98,67 
31 9 1,00 99,67 
33 2 0,22 99,89 
51 1 0,11 100,00 

Table 14: Age distribution 
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  Price Age Area sleep# toil# eleva# stree# apart# build# 
ice 1,00 

        Age -0,57 1,00 
       Area 0,85 -0,63 1,00 

      Sleeping room 0,57 -0,41 0,74 1,00 
     Toilet 0,71 -0,60 0,83 0,60 1,00 

    Elevator 0,75 -0,84 0,71 0,44 0,67 1,00 
   Passing street 0,35 -0,38 0,27 0,18 0,25 0,39 1,00 

  Apartment floor 0,59 -0,67 0,63 0,40 0,59 0,74 0,35 1,00 
 Building floor 0,71 -0,79 0,71 0,46 0,67 0,94 0,43 0,78 1,00 

Table 15: The total transaction volume in Million VND tabulated by districts and months 

  Model A Model B Model C Model D 
2 Sleeping rooms 0,044 0,034 0,031 0,033 

 
(2,180) (1,700) (1,580) (1,700) 

3 Sleeping rooms 0,030 0,029 0,025 0,028 

 
(1,100) (1,100) (0,960) (1,080) 

4 Sleeping rooms 0,004 -0,010 -0,013 -0,007 

 
(0,100) (-0,220) (-0,310) (-0,160) 

2 toilets -0,022 -0,027 -0,029 -0,029 

 
(-1,320) (-1,730) (-1,820) (-1,850) 

3 toilets -0,056 -0,031 -0,034 -0,031 

 
(-2,090) (-1,240) (-1,350) (-1,210) 

South East 0,020 0,030 0,027 0,027 

 
(0,570) (0,890) (0,810) (0,800) 

South 0,001 -0,003 -0,006 -0,007 

 
(0,020) (0,932) (-0,160) (-0,190) 

South West -0,019 -0,004 -0,007 -0,007 

 
(-0,540) (-0,120) (-0,210) (-0,200) 

North West -0,003 0,000 -0,001 -0,001 

 
(-0,080) (0,010) (-0,020) (-0,030) 

North -0,019 0,017 0,016 0,019 

 
(-0,460) (0,430) (0,410) (0,470) 

North Est 0,002 0,006 0,004 0,003 

 
(0,040) (0,190) (0,130) (0,090) 

East 0,011 0,016 0,014 0,014 

 
(0,290) (0,430) (0,380) (0,370) 

Legitimation 0,032 0,020 0,020 0,021 

 
(2,310) (1,810) (1,740) (1,800) 

Corner apartment  0,014 0,012 0,010 0,011 

 
(1,160) (1,050) (0,930) (1,010) 

Car Parking 0,050 0,041 0,040 0,042 

 
(2,610) (2,740) (2,690) (2,790) 

Motorbike Parking  0,082 0,060 0,060 0,059 

 
(2,790) (1,970) (2,000) (1,940) 
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Table 17: The coefficients and t-values of those variables which are not statistically significant,       
t-values are reported in parentheses   
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