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ABSTRACT 

Inflation is one of the key economic risks affecting savers, investors and the corporate world in general. Investors 
are thus continuously on the hunt for investments and assets which can protect their wealth from this risk. This 
study evaluated the ability of infrastructure investments to hedge inflation in emerging markets. The study 
adopted non-linear autoregressive distributed lag model (NARDL) to enable detection of the asymmetric inflation 
hedging ability of infrastructure in the long and short run. The results indicated that infrastructure investments in 
emerging markets are not asymmetric inflation hedgers, implying that investors cannot hedge positive and 
negative inflation shocks using infrastructure investments in these markets. Considering the stochastic and 
distributional properties of listed and unlisted infrastructure investments, it was noted that they can play a 
complementary role in a portfolio. This implies that investors can realise some risk diversification benefits by 
including listed and unlisted infrastructure in the same portfolio. The present study makes noteworthy positive 
contributions in terms of methodology (non-linear models), asset class under consideration (infrastructure) and 
geographical coverage (emerging markets). Past studies used linear models, concentrated on general equity and 
gold’s ability to hedge inflation in developed nations. 
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1. INTRODUCTION 

Worldwide, preservation of purchasing power is one of the key objectives pursued by 

individual and institutional investors (First State Investments 2018). As noted by Briere and 

Signori (2011), inflation risk is one of the worst and most devastating macro-economic 

enemies of investors, savers and pensioners. Identifying an asset which hedges inflation risk 

is thus paramount, and investors opt for diversified portfolios and hire active asset managers 

in an attempt to protect their wealth from inflation, among other risks (Austin & Dutt 

2016:936-939; Brenchley 2019; Naser 2017:470-475). An inflation hedge is an asset whose 

nominal returns are positively and significantly related to inflation either in the short and / or 

long run (Naser 2017:470-475). 

While numerous studies have evaluated different commodities and asset classes’ ability to 

hedge inflation, the results are inconclusive (Phiri 2016). The findings reported by previous 

researchers are in tandem with the two main theories on the relationship between asset 

returns and inflation. The first is the Fama and Schwert (1977:115-146) model which 

stipulates that stock returns do hedge inflation, implying a positive relationship. The second 

theory is the ‘proxy’ hypothesis by Fama (1981:545-564) which indicates the existence of a 

negative relationship between stock returns and inflation. Asset returns and inflation often 

exhibit a positive and negative relationship even in the same nation over different time 

horizons (Davari & Kamalian 2018:295-300; Phiri 2016). In support of this argument, Ang, 

Brière and Signori (2012:36-55) and Davari and Kamalian (2018:295-300) noted that the 

relationship between stock returns and inflation is negative in the short run and positive in 

the long run. This being the case, the existence of an asymmetric relationship between asset 

returns and inflation is plausible. 

The effect of positive changes (increase) in inflation on asset returns (and company 

performance) is not likely to be the same as the effect of negative changes (decrease). It is 

likely that an increase in inflation will have a greater impact than a decrease in inflation, of 

the same magnitude (Isnandari & Chalid 2017:53-61). In short, the effect of inflation changes 

on asset returns is not symmetrical (constant) as assumed by the linear models used in most 

previous studies. It is likely to be asymmetrical, implying that positive and negative changes 

in inflation affect asset returns differently as companies are likely to respond faster to 

inflation increases than decreases (prices takes time to fall).  

 
The inflation hedging capacity of an asset is evaluated using inflation beta (inflation 

coefficient in the regression model) as specified by the Fama and Schwert (1977:115-146) 
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model. The coefficient is symmetric when linear models are used; implying that inflation 

increases and decreases have the same impact on nominal asset returns. Given the non-

linear nature of economic relationships, linear models are not always appropriate in 

assessing the hedging capacity of different asset classes (Davari & Kamalian 2018:295-300; 

Katrakilidis, Lake & Trachanas 2012). Some asset classes might have been improperly 

categorised as inflation hedgers or otherwise, as a result of misleading evidence from the 

use of linear models. It is an economic possibility that some assets hedge inflation increases 

(firms increase their product prices when inflation rises), implying a positive relationship, but 

not inflation decreases (prices takes time to fall). The risk adverse investors are warier of 

inflation increases than inflation decreases (Isnandari & Chalid 2017:52-61). Capturing the 

asymmetric impact of inflation on asset returns is therefore crucial when assessing the 

hedging capabilities of any asset class. Asymmetric effects can be captured through the use 

of non-linear models as adopted in this study. Such an assessment will give investors and 

portfolio new insights into how they revise their portfolios to remain optimal. Monetary 

authorities in their endeavour to reduce inflation volatility might also draw some new 

perspectives on the extent to which investor wealth is exposed to vagaries of inflation. 

 
The economic and financial characteristics of the infrastructure sector (derived from its 

oligopolistic and strategic pricing powers) make it better placed than other sectors when it 

comes to adjusting prices in line with changes in inflation (Wurstbauer & Schafers 2015:19-

44). Deregulation is watering down these powers (Swedroe 2013). In times of financial 

turmoil, it might be possible to increase the price per unit, but depressed demand could 

result in decreased sales, resulting in the same earnings as before and after an inflation-

adjustment in price (Brenchley 2019). For various reasons the inflation hedging capabilities 

of infrastructure investments is debatable, especially in emerging markets where the 

deregulation drive is gathering momentum. 

There is little academic literature on the nexus between infrastructure investments and 

inflation and this issue is mainly covered in industry bulletins (First State Investments 2018). 

The few empirical studies that used basic statistical methods and linear models to evaluate 

infrastructure’s ability to hedge inflation indicated the existence of both positive and negative 

relationships (Bird, Liem & Thorp 2014:802-824; Martin 2010:6-29; Peng & Newell 2007:423-

450; Rödel & Rothballer 2012:110-123; Sawant 2010). Most of these studies were carried 

out in developed markets (United States of America (USA), United Kingdom (UK) and 

Australia) where the infrastructure market is well developed and mature. A gap therefore 

exists in terms of the methodology, asset class (infrastructure) and geographical area. With 
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this in mind, the study used the non-linear autoregressive distributed lag (NARDL) model to 

determine the asymmetric capacity of infrastructure investments to hedge inflation in 

emerging markets where infrastructure is still developing and wild inflation bouts are the 

norm. For comparison purposes, the capacity of common listed stock and real estate was 

also assessed. 

2. PROBLEM UNDER INVESTIGATION 

Long term investors in emerging economies are in constant search for long-term inflation 

linked yields to meet their annuity inflation linked type of liabilities. The same applies to 

pensioners, employees and savers whose purchasing power is vulnerable to inflation 

shocks. Given the salivating, theoretical inflation hedging powers of infrastructure as a new 

asset class, investors, savers, portfolio managers and pensioners are likely to call the hunt 

off. This research article therefore examined the ability of infrastructure to hedge inflation 

shocks in developing economies so as to ascertain the ability of this new asset class to 

protect investors and related stakeholders from inflation shocks. Whereas previous studies 

considered only listed infrastructure investments, this present study added on private or 

unlisted infrastructure investments as well. 

3. OBJECTIVES OF THE STUDY 

The objectives of this present study are as follows: 

 Examine the asymmetric ability of infrastructure to hedge inflation in emerging 

economies. 

 Determine the extent to which real estate and general listed stock can act as inflation 

hedges in emerging nations. 

 Ascertain the level to which listed and private infrastructure can be treated as 

complimentary securities. 

4. STRUCTURE OF THE ARTICLE 

This article is structured as follows: the next section briefly reviews the theoretical and 

empirical literature on the inflation hedging abilities of infrastructure investments. Section 

three (3) discusses the procedures, tests and models used in this study to reveal the 

asymmetric inflation hedging abilities of infrastructure and other assets. The fourth section 
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presents the findings from the tests and models. The final section offers conclusions, 

discusses the implications of the findings and provides recommendations. 

5.  LITERATURE REVIEW 

There are two conflicting theories on the capacity of stocks to hedge inflation. The Fama and 

Schwert (1977:115-146) model assumes the existence of a positive relationship between 

nominal asset returns and inflation in perfect markets, implying that stocks hedge inflation. 

Restated, as compensation for increases in inflation, nominal stock returns must increase in 

tandem (Chang 2013:1305-1309). In contrast, Fama’s (1981:545-564) ‘proxy’ hypothesis 

assumes that the relationship is negative, indicating that stocks lack capacity to hedge 

inflation. These theories are generally transposed to assess the inflation hedging capacity of 

any asset or commodity of interest in the short and long run (Lee 2014:61-65; Naser 

2017:470-475). 

The current study examined the asymmetric inflation hedging capabilities of infrastructure 

investments in emerging markets. The infrastructure sector is endowed with economic and 

financial features that are well suited to quell inflationary pressures (Wurstbauer & Schafers 

2015:19-44). It is associated with utilities provision, oligopolistic and pricing powers (First 

State Investments 2018). Cash inflows from infrastructure investments such as utility and toll 

fees are often linked to inflation through concession agreements or regulation, implying that 

earnings from the infrastructure sector should hold up well in inflationary environments 

(Blanc-Brude 2018). Theoretically, this implies that infrastructure assets hedge positive 

inflation changes (Brenchley 2019; Rodel & Rothballer 2012:110-123).  

Given its social, political and economic importance, the infrastructure sector is prone to 

regulatory changes and political interference (Inderst & Stewart 2014), which could dilute its 

oligopolistic powers and concessions (Swedroe 2013). Under such circumstances, the ability 

of infrastructure assets to hedge inflation becomes questionable as firms fail to adjust prices 

in line with inflation changes.  

Empirical studies have reported conflicting conclusions on infrastructure’s ability to hedge 

inflation. Basic statistical methods and linear models were used in almost all the available 

academic studies. Wurstbauer and Schafers (2015:19-44) employed USA data and 

concluded that direct infrastructure investments have partial inflation hedging capabilities in 

the short run but in the long run, are a good hedge. The investigation of the top five 

Australian infrastructure funds also suggested that infrastructure investments offer inflation 

protection as the returns were positive and above inflation (Colonial First State Global Asset 

Management 2009). 
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In contrast, Peng and Newell (2007:423-450) reported a negative (though insignificant) 

relationship between infrastructure investments (listed and unlisted) and inflation in Australia. 

This is in line with Martin (2010:6-29), who detected zero and negative correlations among 

listed infrastructure sectors in the US, save for energy which exhibited a positive relationship 

with inflation. Insignificant results were obtained using data from the USA and Australia 

(Bitsch, Buchner & Kaserer 2010:106-136; Sawant 2010).  

6. DATA AND METHODOLOGY 

This section presents the procedures and models applied in this research and the 

justification for the variables used and the tests adopted. The study used quarterly data from 

Morgan Stanley Capital International (MSCI) from 2009 to 2018, solely based on the fact that 

it provided the key variables required. The data is available for the emerging market 

category at index level. MSCI uses 24 emerging nations to come up with its indices, namely, 

Brazil, Peru, Chile, Columbia, Mexico, Czech Republic, Egypt, Hungary, Poland, Qatar, 

Russia, South Africa, Turkey, United Arab Emirates, China, India, Indonesia, Korea, 

Malaysia, Pakistan, Philippines, Taiwan, Greece and Thailand. 

6.1 Variables of interest 

The MSCI Emerging market infrastructure index captures listed stocks from the 

infrastructure sectors in the emerging nations listed above. The stocks are from companies 

that are directly involved in provision of a primary infrastructure product or service like 

energy and transport.  

The MSCI Global quarterly private infrastructure index, also referred to as the Investment 

Property Databank (IPD) global quarterly infrastructure direct asset index, captures unlisted 

infrastructure investments. The global private index was used due to the unavailability (to the 

public) of private equity data in emerging markets. From the literature reviewed above, it 

seems that listed and unlisted infrastructure investments are significantly different in their 

stochastic behaviour; hence, the decomposition was deemed fit in this study. 

For comparison purposes, this study examined the asymmetric hedging abilities of general 

listed stocks and real estate in emerging markets using the MSCI Emerging market stock 

market index and MCSI Emerging market real estate index, respectively. 

The average consumer price index (CPI) for the 24 emerging nations was treated as a proxy 

for the inflation rate in developing economies. The real gross domestic product (GDP) 

growth rate and world Brent crude oil price changes were used as control variables.  
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Monthly returns for each asset class (real estate, listed infrastructure and common listed 

equity) were determined using the following formula: 

   
         

   
⁄             

Rt is the return on asset class for month t, EIt is the asset class index value at the end of 

month t and BIt is the asset class index value at the beginning of month t. To ensure that all 

the variables were analysed at the same frequency, monthly returns were converted into 

quarterly returns using the Eviews’ high to low frequency conversion procedure. 

6.2 The empirical model  

In evaluating the inflation hedging capabilities of infrastructure (and other asset classes), this 

study utilised the Fama and Schwert (1977:115-146) model derived from Fisher’s (1930) 

hypothesis which stipulates that the nominal interest rate is equal to the real rate plus 

inflation. The Fama and Schwert (1977:115-146) model is presented in Equation 2; 

                                

   is the nominal asset class return at time t, INF is the actual inflation rate, α is the real 

return and ε is the error term (Wurstbauer & Schafers 2015:19-44). Parameter β (inflation 

beta) explains the extent to which the asset in question hedges inflation. If the inflation beta 

is less than one but significantly different from zero, the asset is a partial hedge. The beta 

coefficient can be equivalent to one, indicating that the asset is a perfect/complete hedge, 

and if the coefficient is larger than one, the asset is more than a perfect inflation hedge 

(Isnandari & Chalid 2017:53-61).  

Generally, the effect of independent variables on the dependent variable in most economic 

and financial cases takes time to take effect. In other words, the dependent variable 

responds with a lag (after some time). A change in the independent variable, like money 

supply, will effectively affect the dependent variable, like inflation, after some weeks if not 

months (Ghouse, Khan & Rehman 2018). Adjustment is unlikely to be instantaneous due to 

slower information dissemination, irrational investors and the informational inefficiency that 

characterise emerging markets (Babatunde 2017:129). On the same note, economic 

variables tend to be serially correlated because of their time series nature (ordered nature), 

inertia and momentum effect (Nkoro & Uko 2016:63-91). As such, static models will fail to 

reveal the relationships among variables and an autoregressive model is appropriate.  

Economic variables tend to be non-stationary in nature, and differencing the variable is the 

common remedy for non-stationarity. Differencing the variable leads to the loss of long-run 
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coefficients among the variables under consideration; hence, a model which captures both 

short- and long-run is appropriate (Mallick, Mallesh & Behera 2016:183-194; Mustafa & 

Selassie 2016:5). Traditional cointegration models such as Johansen and Juselius 

(1990:169-210) require that variables be integrated of the same order. In most instances, 

this is not the case; thus, a model which estimates long-run relationship using variables 

integrated of mixed orders is required (Babatunde 2017:129). The autoregressive distributed 

lag (ARDL) model suits all these features of economic series (Davari & Kamalian 2018:295-

300; Pesaran, Shin & Smith 2001:289-326). 

One limitation of the ARDL model is its assumption of linearity between the regressors and 

the regressand. This assumption does not hold in most financial and economic relationships 

as the variables are subject to violent fluctuations as well as structural breaks, and exhibit 

non-linear behaviour (Anoruo 2011:75-92; Po & Huang 2008:5535-5542; Saeed, 

Chowdhury, Shaikh, Ali & Sheikh 2018:408-422). The linear ARDL model ignores the 

likelihood that positive and negative changes in the regressors have a different impact and 

effect on the regressand (Nasr, Cunado, Demirer & Gupta 2018:94; Saeed et al. 2018:408-

422). For these reasons it is logical to assume that positive and negative changes in inflation 

rates do not have the same effect on stock returns. If inflation increases, firms tend to 

respond quickly by adjusting the prices of their products and services upwards. In the case 

of a fall in inflation, they tend to adjust prices at a slower pace, if at all. 

 
Previous studies such as (Isnandari & Chalid 2017; Lee 2014; Phiri 2016) on the hedging 

abilities of different asset classes produced mixed results - with both a positive and negative 

effect reported. This drives home the need for an asymmetric model which captures and 

separates positive and negative effects as a change in inflation might have a negative and 

sometimes a positive effect on stock returns. Traditional linear models assume that the 

dependent variable responds equally (in a symmetric manner) to both increases and 

decreases in the independent variable (Bildirici & Turkmen 2015:202-211; Saeed et al. 

2018:408-422). 

 
To address the issues highlighted above as well as the technical drawbacks of linear 

models, the study adopted the nonlinear ARDL (NARDL) model suggested by Shin, Yu and 

Greenwood-Nimmo (2014:281-314). The model makes use of positive and negative partial 

sum decompositions, thus enabling detection of the asymmetric effects in the long and short 

term. It must be emphasised that the nonlinearity or asymmetry is not in the sense that the 

parameters are quadratic or log-linear as is usually the norm. It is rather a decomposed 

linear relationship on the impact of the independent variable on the dependent variable in 
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ARDL to ascertain whether positive and negative changes in the independent variable have 

a different effect on the dependent variable (Shin et al. 2014:281-314). As indicated by 

Bildirici and Turkmen (2015:202-211), asymmetry is one type of non-linearity. Under the 

NARDL model, a nonlinear relationship is a kind of relationship between two variables in 

which a change in one variable does not correspond with constant and symmetric change in 

the other variable (Bildirici & Turkmen 2015:202-211). 

 
The usual ARDL model capturing both symmetric short- and long-run relationships 

considering the variables in this study can be expressed as follows: 

 

      ∑         ∑            
 
   ∑          

 
                          

 
    

        

 

Δ is the first difference operator and p and q are the optimal lag length for the dependent 

variable (asset class returns) and independent variables (actual inflation rate and control 

variables), respectively. The parameters δ,   and γ are the short-run dynamics and 

coefficients β,   and λ represent the long-run dynamics of the model, whereas εt is the usual 

white noise residuals. R is the nominal returns of the asset class under study and INF is the 

actual inflation rate whereas Z captures the control variables. The significance of the 

parameters γ and λ determines the degree to which the asset class under study hedges 

inflation in the short and long run, respectively.  

 
The NARDL model is an asymmetric extension of the linear ARDL approach to modelling 

short- and long-run relationships (Babatunde 2017:129; Nasr et al. 2018:94). In other words, 

once the negative and positive partial sums of inflation are added in model 3 above (ordinary 

ARDL model) it becomes a nonlinear ARDL (Saeed et al. 2018:408-422) model. The model 

corrects for endogeneity and serial correlation and is very simple to estimate. Katrakilidis 

and Trachanas (2012:1064-1069) noted that NARDL outperforms in testing cointegration in 

small samples, which was true in our case. The NARDL model allowed us to capture the 

hidden cointegration (non-linear cointegration), which is impossible with traditional 

techniques as they are based on the actual data and not the data decomposed into its 

positive and negative components (Nasr et al. 2018:94). NARDL models can be applied 

irrespective of whether the regressors are stationary at level or at the first difference. In order 

to avoid incorrect estimates and invalid F bounds tests, variables integrated of order two 
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should not be used in a NARDL model (Chigusiwa, Bindu, Mudavanhu, Muchabaiwa and 

Muzambani 2011:119-129; Ibrahim 2015:1-14).  

 
To capture the possible asymmetric effects of inflation on asset returns, the inflation rate is 

decomposed into partial sums of positive and negative change in the rate. The resultant 

NARDL short-run model is expressed as follows: 

 

      ∑        ∑          
   

 

   

∑          
   

 

   

∑         

 

   

        

   

   

 

 

    
   Is the partial sum of positive change in inflation,     

   is the partial sum of negative 

change in inflation. The parameters    and    capture the ability of the asset class in 

question to hedge positive and negative changes in inflation. All other parameters remain the 

same as in Equation 3. The corresponding long run NARDL model is captured as follows: 

 

                  
          

                  

 

  Captures the ability of the asset return in question to hedge positive inflation shocks in the 

long run, and   specifies whether the asset class in question can hedge negative inflation 

changes in the long run. The partial sums of positive and negative processes of inflation, 

respectively, are expressed as follows: 

    
   ∑ 

 

   

    
  ∑           

 

   

         

 

    
   ∑ 

 

   

    
  ∑           

 

   

         

 

Shin et al. (2014:281-314) noted that Pesaran et al.’s (2001:289-326) bounds testing 

approach is applicable and functional for Equation (5). The bounds test is used to calculate 

an F-statistic to determine whether there is a significant coefficient between asset returns 

and inflation (whether there is a long-run relationship between them). If the F-statistic is less 

than the critical values, the null hypothesis can be accepted, indicating the absence of a 

long-run effect. In contrast, if the F-statistic is greater than the critical values, the null 

hypothesis can be rejected (Davari & Kamalian 2018:295-300).  
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7. RESULTS AND DISCUSSION 

The results obtained are presented under specific subheadings. 

7.1 Descriptive Statistics 

The general distribution of the variables of interest is presented in Table 1 below. 

Table 1: Descriptive statistics 

 Crude Oil All Stock Real Estate GDP Inflation Listed Infra Unlisted Infra 

 Mean  0.565250  0.614000  0.403209  2.078904  0.383913 -0.168207  12.82500 

 Median  0.630000  0.620000  0.120530  2.021402  0.363681  0.720550  13.35000 

 Maximum  13.64000  10.47000  15.64010  3.778065  1.207361  31.02620  18.10000 

 Minimum -13.67000 -8.240000 -10.03360 -0.412187 -0.030972 -28.46030  2.300000 

 Std. Dev.  5.295426  3.284050  3.971394  0.724128  0.204882  13.66650  3.551915 

 Skewness -0.424780  0.060384  0.933680 -0.016148  1.543521 -0.094289 -1.462408 

 Kurtosis  3.691836  4.811539  7.539998  6.515456  8.118427  2.877138  5.235554 

 OBS  40  40  40  40  40  40  40 

Source: Extract from Stata 13 

During the period under study, (2009-2018) the inflation rate in emerging markets averaged 

0.38% which was very low and not a major threat to business firms and investors at large, as 

evidenced by positive GDP growth rates (2.08%) per quarter. Unlisted infrastructure 

investments earned the highest returns (12.83%) during this period, while the returns 

realised by investors in listed infrastructure investments were much lower (-0.168%) on 

average per quarter. This supports the claim that listed and unlisted infrastructure 

investments are complementary and display different stochastic behaviour. The highest level 

of volatility, measured by standard deviation, was noted in listed infrastructure which is 

contrary to the general belief that infrastructure investments provide steady, less volatile 

returns (otherwise stock markets are informationally inefficient). The least return swings 

were experienced by investors in general listed stock in emerging markets (3.28), indicating 

the power of diversification to reduce risk. 

4.2 Correlation matrix 

The bivariate correlations among the assets of interest are indicated in Table 2 below. 
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Table 2: Correlation matrix 

 Crude Oil All Stock Real Estate GDP Inflation Listed Infra Unlisted Infra 

Crude Oil  1.000000       

All Stock  0.505863  1.000000      

Real Estate  0.321628  0.801820  1.000000     

GDP -0.072765 -0.134224 -0.223439  1.000000    

Inflation  0.236834  0.221372  0.075781  0.048182  1.000000   

Listed Infra  0.336487  0.423324  0.348592  0.030984  0.065327  1.000000  

Unlisted Infra -0.323125 -0.506105 -0.323840  0.134911  0.025320 -0.267151  1.000000 

Source: Authors’ computations 

In harmony with the claim that listed and unlisted infrastructure investments are 

complementary, the relationship between them is negative (-0.267). The evidence from the 

bivariate correlations indicates the possibility that infrastructure investments hedge inflation 

as both coefficients are positive. The correlation between unlisted infrastructure and other 

assets is negative indicating that unlisted infrastructure investments exist in a class of their 

own. Surprisingly, the correlation between GDP and aggregate stock returns (all stock) is 

negative in emerging markets. This is an indication of the inability of stock market returns to 

reflect or mirror economic growth in emerging economies. It is spurred by the insignificant 

number of companies (in comparison to the economy) listed given that the economies of 

most emerging nations are driven by the informal sector and small to medium size 

enterprises which are not listed on stock markets. The negative relationship can also be 

explained by the fact that, when the economy (GDP) is performing well, investors shun the 

stock market (resulting in depressed returns) as they become involved in real economic 

activity and rejoin the stock exchange when the economy is depressed (when real economic 

activity is threatened), resulting in positive returns. 

4.3 Stationarity tests 

Stationarity tests were carried out to avoid spurious regression and to validate the use of the 

NARDL model; the results thereof are presented in Table 3 below. To counter the 

weaknesses associated with common unit root tests like low power and biased results in 

small samples, the study applied four tests including the Ng-Perron test which is valued for 

its reliability and consistency (Chigusiwa et al. 2011:119-129).  
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Table 3: Stationarity tests 

Variable ADF PP KPSS Ng-Perron  

Crude oil price  I(0) I(1) I(1) I(0) 

All stock I(1) I(1) I(0) I(1) 

Real estate I(0) I(1) I(1) I(0) 

GDP I(1) I(0) I(0) I(1) 

Inflation I(0) I(1) I(1) I(0) 

Listed infrastructure I(1) I(0) I(1) I(1) 

Unlisted infrastructure I(1) I(1) I(0) I(1) 

Source: Extracts from Stata 13 

The results from the unit root and stationarity tests indicated that none of the variables is 

integrated of order two, thereby substantiating the use of the NARDL model. 

4.4 Parameter estimation 

As four assets were under investigation, each was separately assessed and the results were 

captured under four models to assess asymmetric inflation hedging ability. Each model 

addresses a single asset’s ability to hedge asymmetric inflation. The number of lags included 

in each model was specified using the Akaike Information Criteria. 

4.4.1 Model 1 - asymmetric inflation hedging ability of unlisted infrastructure 

The first model evaluated the hedging capabilities of unlisted infrastructure. The estimates 

from Model 1 are presented in Table 4 below. 

Table 4: Model 1 estimates 

 Short-run effects  Long-run effects 

Variable Coefficient P-value  Coefficient P-value 

Ecm -0.3072 0.003 Infla P -2.451 0.739 

InflP(-1) -0.753 0.736 Infla N 2.066 0.779 

inflN(-1) -0.6346 0.777  

d(inflP) 1.7866 0.259 
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 Short-run effects  Long-run effects 

Variable Coefficient P-value  Coefficient P-value 

d(inflP(-1)) 1.8484 0.468 

 Tests  F-statistics 

 
F-statistics P-value 

 

     

asymmetry 

short-run 5.746 0.024 
cointegration 

F-pss 3.7804 

long-run 0.2963 0.591 T-bdm -3.2306 

Source: Authors’ extracts from Stata 13 

From Table 4 above, the only significant coefficient worth noting is the short-run asymmetry, 

indicating that in the short run, positive and negative changes to inflation have a different 

effect or impact on unlisted infrastructure investments. Unlisted infrastructure investments 

failed to exhibit any significant capacity to hedge either positive or negative inflation shocks, 

both in the short and long run which is contrary to Wurstbauer and Shafers (2015:19-44). 

Although the effects are not significant, the impact of positive changes in inflation is 

negatively related to unlisted infrastructure investments’ performance (-2.451) in the long run 

in support of the proxy hypothesis. Negative shocks to inflation lead to positive changes in 

unlisted infrastructure investments’ performance. The long-run relationship between unlisted 

infrastructure and inflation was confirmed by the existence of a significant error correction 

term given that the F-test results are inconclusive. 

4.4.2 Model 2 - asymmetric inflation hedging ability of listed infrastructure 

The results of the evaluation of the asymmetric inflation hedging ability of listed infrastructure 

are shown in Table 5 below. 

Table 5: Model 2 estimation results 

 Short-run effects  Long-run effects 

Variable Coefficient P-value  Coefficient P-value 

Ecm -1.188 0.001 Infla P+ -10.975 0.742 

inflaP(-1) -13.0392 0.742 Infla N- 12.043 0.714 
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 Short-run effects  Long-run effects 

Variable Coefficient P-value  Coefficient P-value 

inflaN(-1) -14.308 0.715  

d(inflP) -4.756 0.849 

d(inflP(-1)) -5.986 0.873 

d(inflP(-2)) 37.858 0.245 

d(inflP(-3)) -27.976 0.301 

d(inflN) -30.2638 0.296 

d(inflN(-1)) -20.6236 0.516 

d(inflN(-2)) -14.767 0.519 

d(inflN(-3)) 9.038 0.566 

 Tests  F-statistics 

 F-statistics P-value  

 

asymmetry 

short-run 0.9783 0.336 
cointegration 

F-pss 5.0168 

long-run 0.1655 0.689 T-bdm -3.83 

Source: Authors’ extract from Stata 13 

The impact of negative and positive inflation shocks is mixed in the short run (positive and 

negative). In the long run, the effects are the same as those for unlisted infrastructure. It 

must be emphasised that the coefficients are insignificant save for the long-run relationship, 

although correction towards a long-run relationship is very marked. These results suggest 

that, listed infrastructure is not a good hedge against inflation and that the effect of inflation 

on listed infrastructure is symmetrical in the short and long run. The findings are in tandem 

with those obtained by Peng and Newell (2007:423-450) and Bird et al. (2014:802-824). 

4.4.3 Model 3 - asymmetric inflation hedging ability of real estate 

The asymmetric inflation hedging ability of real estate was examined for comparison 

purposes and the results are displayed in Table 6.  
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Table 6: Model 3 estimation results 

 Short-run effects  Long-run effects 

Variable Coefficient P-value  Coefficient P-value 

Ecm -1.41675 0.035 Infla P+ -0.471 0.94 

inflaP(-1) -0.667 0.939 Infla N- 0.663 0.915 

inflaN(-1) -0.938 0.913  

d(inflP) -0.3839 0.49 

d(inflP(-1)) 9.249 0.297 

d(inflN) 7.5445 0.256 

d(inflN(-1)) -0.4251 0.925 

 Tests  F-statistics 

 F-statistics P-value  

 

asymmetry 

short-run 0.0192 0.891 
cointegration 

F-pss 2.2618 

long-run 0.1209 0.731 T-bdm -2.2618 

Source: Authors’ extracts from Stata 

The results indicate the absence of asymmetry in the short and long run. Like listed 

infrastructure, in emerging markets, real estate cannot hedge inflation in the short and long 

run. The results are in disharmony with the Fama and Schwert model of 1977. 

4.4.4 Model 4 - asymmetric inflation hedging capability of general equity 

The results from the final model where the general listed stock in emerging markets was 

treated as the asset of interest are presented in Table 7.  

Table 7: Model 4 estimates 

 Short-run effects  Long-run effects 

Variable Coefficient P-value  Coefficient P-value 

Ecm -1.0103 0 Infla P+ 0.041 0.842 

inflaP(-1) 1.0897 0.844 Infla N- -1.387 0.798 

inflaN(-1) 1.401 0.802  
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 Short-run effects  Long-run effects 

Variable Coefficient P-value  Coefficient P-value 

d(inflP) -1.714 0.635 

d(inflP(-1)) 5.94 0.302 

d(inflN) 10.796 0.022 

d(inflN(-1)) -4.224 0.222 

 Tests  F-statistics 

 F-statistics P-value  

 

asymmetry 

short-run 0.0825 0.776 
cointegration 

F-pss 8.968 

long-run 0.509 0.482 T-bdm -4.769 

Source: Authors’ extracts from Stata 

Although a long-run relationship was noted between general listed equity and inflation, 

general equity failed to hedge inflation partial sums.  

In summary, the existence of short- and long-run asymmetry was noted between unlisted 

infrastructure and decomposed inflation. Other asset classes indicated the existence of 

symmetric effects in the short and long run.  In all the models, the effect of long-run positive 

and negative inflation shocks on the respective asset was positive and negative, respectively 

(though insignificant).  

8. CONCLUSIONS  

The study evaluated the ability of infrastructure investments to hedge asymmetric inflation in 

emerging markets using quarterly data from 2009 to 2018. Infrastructure investments were 

decomposed into listed and unlisted investments as their stochastic distributional features 

and performance are claimed to differ significantly. The NARDL model was adopted to 

capture the asymmetric inflation hedging capacity of infrastructure investments in the short 

and long run. The asymmetric inflation hedging capabilities of real estate and general listed 

stock in emerging markets were also evaluated for comparison purposes. 

As per the stated objectives, the findings indicated that infrastructure investments (listed and 

unlisted) in emerging markets are not asymmetric inflation hedgers. Restated, it is a myth to 

claim that infrastructure investments hedge inflation in emerging markets. The same can be 

said of real estate and general listed equity. In the short run, unlisted infrastructure exhibited 
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an asymmetric response, implying that it responded differently to negative and positive 

inflation shocks.  In all the other asymmetric tests, the results were insignificant (although all 

long-run coefficient signs indicated some asymmetries). A long-run relationship was noted 

between inflation and all the assets under consideration save for real estate. Listed and 

private infrastructure exhibited different distributional features and different risk-return 

profiles in emerging economies. As such it is safe to conclude that it is an investment myth 

to categorise infrastructure, real estate and general listed stock returns as inflation hedges in 

emerging economies. Similarly, it can be carefully concluded that listed and unlisted 

infrastructure are complementary.  

9. RECOMMENDATIONS  

Managers interested in hedging inflation are recommended to look beyond infrastructure, 

general listed stocks and real estate in emerging markets. Risk managers can consider the 

use of derivatives and commodities such as gold and other inflation indexed securities in 

order to shield their assets from inflation risk. 

Portfolio and asset managers are encouraged to include listed and private infrastructure in 

the same portfolio as their distributional features are different and can generate positive 

benefits to such managers. In their attempt to hedge inflation risk, managers are hereby 

encouraged to remember equally important investment goals such as total income and 

capital growth. 

In light of the heterogeneous nature of emerging economies in terms of political risks, 

economic development and regulatory frameworks, future studies could conduct individual 

country analysis. Unfortunately, very little data is available on infrastructure returns in 

individual nations.  

10. IMPLICATIONS TO STAKEHOLDERS 

The results imply that investors cannot hedge positive and negative inflation shocks using 

infrastructure investments, general stocks and real estate investments in emerging markets. 

Inflation risk managers require in-depth analysis in their operations as the market is laden 

with unsubstantiated claims and myths. In other words, quantitative analysis tools must be 

embraced by risk managers so that they create and maintain company value. The different 

stochastic and distributional properties of listed and unlisted infrastructure investments imply 

that investors and portfolio managers can realise some risk diversification benefits by 

including listed and unlisted infrastructure in the same portfolio. The lack of inflation hedging 

assets in emerging markets imply that monetary authorities need to keep inflation under 
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check so as to protect investor wealth and attract more investments. In other words, these 

managing authorities must be creative to attract new capital into the infrastructure sector. 

Such financial securities include inflation indexed securities and exchanged traded funds. 

The management fraternity, appreciation of creativity, quantitative analysis and evaluation of 

financial claims and myth goes a long way in creating and maintaining firm value. 
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