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ABSTRACT

The objective of the study is to analysis portfolio returns and the performance of asset
pricing models in the context of macroeconomic variables. Portfolios have been constructed on
the basis of firms’ size; two equally weighted decile portfolios and two value weighed decile
portfolios representing the cluster of the largest and smallest firms are included in the analysis
along with market portfolio. Portfolio returns are regressed with the factor loadings of CAPM,
three factor and five factor Fama and French asset pricing models. The relationship of portfolio
returns and asset pricing models is evaluated in the presence of four macroeconomic variables
namely interest rate, industrial production, producer price index and exchange rate; each
macroeconomic variable is introduced separately in threshold regression to the identify regime
shift effect. Analyses are performed on monthly returns of securities listed on PSX during the
period from 2000 to 2010. Results of the study have revealed that only interest rate and
exchange rate are found to have threshold effect on the portfolio returns. According to the
results, threshold effect is frequently captured through three factors Fama French model.
Finally, the results also suggest that the threshold effect is only evident with large firms’
portfolios.

Keywords: CAPM, Fama and French Model, Threshold Regression, Regime Shift.
INTRODUCTION
Background of the Study

Empirical asset pricing is one of the emerging areas in the field of capital market
investment. The quest for the identification of market factors which can influence the risk return
characteristics of a security resulted in the augmentation of capital asset pricing model. CAPM
provides a framework for driving the intrinsic value of the securities based on systematic risk. In
1980, Roll and Ross worked on Arbitrage Pricing Theory (APT), which incorporates multiple
risk factors in asset pricing. In 1993, Fama and French Multifactor Model based market
anomalies, was a breakthrough in the area of asset pricing. They identified two additional factors
i.e. firm size and firm value as market anomalies in capital asset pricing. Afterwards, Fama and
French added two more factors i.e. profitability and investment as proxies for asset pricing. Fama
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and French (1993) applied their model in US stock markets; they used panel data having time
dimension from 1962 to 1989 and cross section of 25 portfolios of three stock markets sorted by
size and by value.

Research Problem

Considerable research has been performed to test the validity of these multifactor asset
pricing models globally as well as domestically. Results are somewhat mix regarding the
validity. One of the reasons for such mixed evidences might be the varying level of influence
(regime shifts) of exogenous factors i.e. macroeconomic variables on capital market. But, there is
hardly any study which investigates the possibility of multiple equilibriums in asset pricing,
especially in the context of PSX. Threshold regression can be a good tool to identify multiple
factor loadings in asset pricing model. Hansen (2000) states that threshold regression is applied
to multiple equilibriums and split samples, where sampling is done on continuous variables like
size of firm.

Objectives of the Study

The focus of this study is to analysis size portfolios and risk factor loadings of asset
pricing models in the presence of certain macroeconomic variables with the help of Threshold
regression approach. Incorporating macroeconomic variables in asset pricing will evaluate the
impact of regime shifts and macroeconomic shocks on risk factor loadings. In addition to that
this study is also aiming to investigate the variability found in previous studies regarding validity
of asset pricing models, which is also a motivation of this study.

Limitations
1. The study is limited to four economic indicators as threshold variables.
2. The study is conducted up to second moment of return.
3. The sample frame of the study limited to 11 years (relatively short period for regime shifts).

4. Results are valid for PMX only, and cannot be generalized.
Organization of Study

This study is started with the background of the research problem, which is then linked
with objective of the study. In the literature review, firstly we cited those research papers in
which threshold regression is used in asset pricing, portfolio management, and finance in
general. Selection of macroeconomic variables as threshold variables and empirical testing of
asset pricing has also been covered, and finally, the theory development of asset pricing model
has been discussed in the literature review. The frameworks of capital asset pricing model and
Fama French Multifactor Model have also been presented in the study. Methodology section of
the study encompasses research design, conceptual framework, data description, variable
definitions and hypotheses. With 4 microeconomic variables, 3 asset pricing models and 5 types
of portfolio, we have developed 60 hypotheses. Statistical analysis with their assumptions
follows results with their interpretations and discussion, which leads to conclusion of the study.
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LITERATURE REVIEW

Li and Chen (2016) have applied panel threshold regression to reexamining the relation
between analysts’ forecast dispersion and stock returns. Their empirical results show that the
degree of the negative association between analysts’ dispersion and future stock return becomes
considerably diminished when the dispersion exceeds a threshold value. Bansal et al. (2017)
have also applied threshold regression for Fama French styled portfolio analysis. They found that
high-beta stocks and small-cap stocks (relative to low-beta and large-cap stocks):

1. Earn even a higher premia following periods that meet both top-quintile expected-volatility and bottom-
quintile intermediary-capital-ratio thresholds.

2. Earnahigher premia following a top-quintile expected-volatility threshold even in non-recessionary times.

3. Have a stronger negative sensitivity to illiquidity shocks.

4. Have greater fundamental-valuation ambiguity.

Taking macroeconomic variables as common risk factors for asset pricing in capital
market is not new. Such attempts can be traced from Arbitrage Pricing Theory (APT) presented
by Roll and Ross in 1976. But in our study, the difference is of number of hypotheses being
developed. All in all, there are 60 hypotheses in this study. Such a huge number of hypotheses is
because of the fact that we are simultaneously checking 4 microeconomic variables on 3 asset
pricing models with 5 types of portfolios. This approach inculcates rigor in the analysis as
supported by Zehetmayer et al. (2005) while proposing two stage design, and Hsuel et al. (2003)
while providing a comparison of five alternative methods to control the error of false positive.

Broadly, multifactor asset pricing models can be dividing into two groups: market
anomaly based models and macroeconomic factors based models, but amalgamation of these two
approaches is an under-researched area in asset pricing. In this sense, this would be a novel
work. As the focus in this study is to analysis size portfolios and risk factor loadings of asset
pricing models in the presence of certain macroeconomic variables with the help of Threshold
regression approach, the most relevant macroeconomic variables are needed to be selected. There
can be two approaches for the appropriate selection of threshold variables, i.e. theoretical
approach and empirical approach (Anigbogu and Nduka, 2014; Sabri and Sweis, 2015; Dasgupta,
2014; Tom and Munemo, 2015; Rauf, 2016; Waheed et al., 2017; Zhang and Ren, 2017; Khan
and Ali, 2017; Salim and Hariandja, 2018; Lee and Chou, 2018; Inusah, 2018; Le et al., 2018).

Fama and French (1993) presented a multifactor model based on market anomalies.
Schwert (2003) has stated that market anomalies refer to empirical findings, showing
inefficiency of market in capital asset pricing and capturing the market behavior rather closely.
Besides market risk, Fama and French (1993) identified two additional factors i.e. firm size and
firm value as market anomalies for capital asset pricing. Carhart (1997) added momentum as one
more factor in Fama and French model. In a recent study, Fama and French (2015) presented an
augmented model with five factors by adding profitability and investment factors as proxies for
asset pricing (Ali & Haseeb, 2019; Haseeb et al., 2018).

Portfolio Theory of Harry Markowitz (1952) provides foundation to the asset pricing.
Portfolio Theory is basically a mean-variance framework for efficient portfolios selection.
Capital market theory builds on portfolio theory; William Sharpe (1964), Linter (1965), and
Mossin (1966) derived the CAPM independently. CAPM regresses excess returns of securities
with the excess return of capital market portfolio. Roll and Ross (1980) presented empirical
evidence of Arbitrage Pricing Theory (APT). This was the first step from single factor model to
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multifactor model for asset pricing. Banz (1981) has provided evidence that CAPM and APT
models fail to identify cross sectional effects in returns. Fama and French started to check the
validity of CAPM for US stocks in 1992 and found inability of the model to explain pricing of
capital assets.

As the theory of asset pricing developed, its empirical testing was also being performed
at the same time. Fama and French (1993) tested their model on NYSE, AMEX and NASDAQ,
they used panel data having time dimension from 1962 to 1989, and cross section of 25
portfolios of three stock markets sorted by size and by value. Their results indicated negative
relationship between size and returns whereas value as calculated by book to market ratio is
positively correlated with returns (Suryanto et al., 2018).

They also found greater influence of value factor in comparison to size factor. Daniel and
Titman (1997) studied the factors loadings of a multifactor model for stock markets of Euro zone
by time series data from 1971 to 1993. They found no significant relationship of size and value
factors with ROI of stocks. Halliwell et al. (1999) applied Fama and French model on Australian
stock exchanges. According to their study small size and high value firms have higher returns.
Yee (2006) investigated the application of Fama and French model in Malaysia. His results
indicate negative relation between firm value and equity returns. Connor and Sehgal (2001)
applied three factors Fama French model in Indian capital market; their results suggest that size
and value factors are significant in the determination of equity returns in Indian stock exchange.

In the context of Pakistan, Nishat (2001) studied three factors Fama and French Model on
KSE from January 1981 to December 1994 to evaluate mispricing with higher moments and
found industry wise higher risk premium before financial reforms period. This study also
indicated time varying risk factor betas. Igbal and Brook (2007) investigated the risk return
relationship for KSE and found the evidence of non-linearity between them. They rejected
unconditional CAPM for KSE. The work of Nishat (2001), Igbal (2006), Javed (2008) did not
find empirical evidence as such to support the applicability of asset pricing models in case of
Pakistan Stock Exchange.

Capital Asset Pricing Framework

Portfolio selection technique in Markowitz framework is based on mean-variance
framework. Risk return relationship in a portfolio of Markowitz framework is explained through
moments:

1% moment: Expected average return on an asset E(R;) (Indicate return)
R, = YwWR; (1)
2" moment: Variance of returns on such asset V(R)) (Indicate risk)
6, = \/wiz6i2 + w262 + 2w;w;Covyj + - 2w Wy, CoVpy (2)

William Sharpe was pioneered in applying mean-variance framework in 1964 and
developed a framework for capital asset pricing. For his valuable contribution, he was awarded
noble prize in 1990. In Capital Asset pricing the excess individual security return is directly
related with the excess return on the market portfolio and it can be written in equation as follow:

(Ric — RL,) = Bimxr (R — R, @3)
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Whereas,

p(0it,omt)
ﬁi,MKT = b (4)

Uzm,t

The asset pricing model given in equation 3 has wide spread application in finance. Betas
from CAPM are used for calculating cost of capital, which is further applied in capital structure
decision and for capital budgeting. This model was further extended by Jensen, Black and
Scholes (1972). through the inclusion Jensen’s alpha.

(Ri,t - R{,t) = Q¢ + Bi,MKT(Rm,t - R{,t) (5)
Fama & French Multifactor Model

Fama and French (1993) presented a multifactor model based on market anomaly. They
argued that the market beta alone cannot properly capture stock returns. Their empirical studies
were evident to the failure of traditional CAPM and even APT did not get support from their
work. They proposed that two additional factors (market anomalies) size and value to be
incorporated in stock pricing.

(Rt — R!.) = Bimxr(Rme — RL.) + VisusSMByy + 8, HML; (6)

Where,

SMB; . = Size Factor (Return spread between small & big stocks).

HML;, = Value Factor (Return spread between high & low book-to-market ratio).

Bimxr: Yisms: 0 umr = Regression coefficients of above mentioned factors.

After a long span of time, Fama and French adjusted their three factor asset pricing model by
introducing two additional factors profitability and investment.

(Rie —RI) = Bimxr(Rme — RL) +vismSMBi¢ + 8y HMLy ¢ + 0; pusy RMW, . +
AicmaCMA; ¢ (7)

Where

RMW; . = Profitability Factor (Return spread between robust & weak profitable firms).

CMA;, = Investment Factor (Return spread between conservative & aggressive investment
firms).

8; ruw Ai cma are regression coefficients profitability and investment factors respectively.

Fama and French (2015) empirically proved that the five-factor model works better than
three-factor model in returns estimation but the model is not robust for low profitable and
aggressive investment firms. Moreover, the HML;, factor behaved inversely in five-factor
model. Pricing models stated in equations (3.14), (3.15) and (3.16) are the augmented version of
traditional CAPM but all these models are limited to 2" moment of returns.

There are studies incorporating higher moments of stock returns for capital asset pricing.
Kostakis, Muhammad, and Siganos (2012) argued that CAPM with two moments is not an
accurate predictor of stock returns and they applied third and fourth moments of stock returns.
They priced the returns on London Stock Exchange with additional risk factors co-skewness and
co-kurtosis in traditional CAPM and found improved performance of asset pricing model. In this
study, traditional CAPM, three factor and five factor Fama and French model with second
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moment only have been taken to analysis the returns of size based portfolios in the presence
certain macroeconomic variables.

Empirical approach has been employed for selection of threshold variables. In the
empirical approach, macroeconomic variables are identified through meta-analysis of literature.
For which, several papers on the application and empirical evidence of Arbitrage Pricing Theory
(APT) have been reviewed. The study of Chen, Roll and Ross (1986) is an important work, from
which macroeconomic variables can be identified. According to them, industrial production, the
spread between long and short interest rates, is significant in capital asset pricing.

Antoniou and Priestley (1998) also examined the performance and empirical validity of
APT in London Stock Exchange (LSE) with unexpected inflation, expected inflation, real
industrial production, real money supply, commodity price, term structure, default rate, and
exchange rate. Kim (2003) examined the long run relationships of industrial production, real
exchange rate, interest rate, and inflation with aggregate stock prices listed in S&P 500 index. He
found industrial production to be positively related to stock prices whereas real exchange rate,
interest rate, and inflation have significant negative relationship. But, Jorion (1991) did not find
exchange rate to be significant for asset pricing in the U.S. stock market. Alam and Uddin (2009)
conducted study on the relationship of interest rate with stock prices for fifteen developing and
developed countries on the monthly data from January 1988 to March 2003, and significant
negative relationship of interest rate with stock price.

In another study, Mahmood and Dinniah (2007) analyzed dynamic relationship between
macroeconomic indicators and stock prices in selected Asian-Pacific economies. They used
foreign exchange rates, consumer price index and industrial production index as macroeconomic
indicators. Ratanapakorn and Sharma (2007) studied long and short run relationships between
the six macroeconomic variables and stock returns of S&P 500 index. Their results indicated
negative relationship of long-term interest rate with stock returns, while money supply, industrial
production, inflation, the exchange rate and short-term interest rate positively related to returns.

Nassah and Struss (2000) have studied long run relationship between share price and
macroeconomic variables in six European countries. They found that stock prices have
significant relationship with industrial production, survey of manufacturing orders, short and
long term interest rates. Gallegati (2008) examined the lead/leg relation between industrial
production index and Dow Jones Industrial Average index by applying signal decomposition
techniques based on wavelet analysis. He found that stock market returns tend to lead the
industrial production, but only for the higher periods of 16 months and longer.

Several studies on Arbitrage Pricing Model have been conducted in the context of
Pakistan as well; for instance, Gul and Khan (2013) applied APT on monthly returns of KSE 100
Index from 2000 to 2005. They included four macroeconomic variables, Interest Rate, Money
supply, Foreign Exchange Rate, and Industrial Production. Their study proved insignificance of
overall ATP model in Pakistan. After reviewing various studies, four macroeconomic variables
have been selected on the basis of significance, including interest rate (T Bills rate), large scale
manufacturing index (industrial output), inflation (producer price index), and exchange rate.

RESEARCH METHODOLOGY
Research Design

This research is based on secondary financial and economic time series data. The study is
primarily explanatory in nature. It investigates the relationships of equity portfolio returns in
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capital market, risk sensitivity, and major economic indicators. All the portfolios for this study
have been constructed on the basis of market capitalization of the companies referred as size
factor. These portfolios have been analyzed with three different asset pricing models in the
presence of macroeconomic variable. There are five risk factors involved in these asset pricing
models, namely systematic risk factor, size factor, value factor, profitability and investment.
These factors have been analyzed with respect to their respective asset pricing model in the
presence of four macroeconomic variables, which includes industrial production, producer price
index, interest rate and exchange rate.

All the stocks traded in PSX during the period of analysis will be the unit of analysis;
discrete returns of the stocks through simple yield will be computed for every t" month and
excess returns will then be calculated by subtracting risk free rate of the return. Six months T-bill
yield will be taken as a proxy of risk free returns. All PSX stocks will be arranged sequentially
on the basis of firm size and divided into ten sections for portfolio construction. The excess
returns each of the ten portfolios are regressed with excess return of the market and with other
risk factors. The researchers’ interference is minimal and work is done in non-contrived settings.

Data Description and Sampling

/Asset Pricing Models: \

Portfolio Return based
- CAPM A on firm size:
3 Factor Fama & French Model 1) Equally weighted
- 5 Factor Fama & French model - EWPl
- EW_P10
Risk Factors: 2) Value weighted
- VW_P1
- Systematic Risk - VW_P10
Size Factor 3) Market Portfolio
- Value Factor
Profitability Factor

K - Investment Factor

Macroeconomics Variables:
e Interest rate

e Industrial Production
e Inflation
)

Exchange rate

FIGURE 1
CONCEPTUAL FRAMEWORK

Equity securities listed in Pakistan Stock Exchange is the target population, for which
monthly time series data of equity prices from PSX-AIl index is used. The sample period is 11
years from January 2000 to December 2010, which accounts for 132 data points of time series.
All in all, there were 949 companies listed in PSX (formerly KSE) at various points of time
during the sample period; but after data cleansing, data set has shrunk to 535 companies only.
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Price Data of listed companies is retrieved from the database of Thomson Reuters and
Bloomberg. Monthly closing prices are taken to calculate discrete returns for each i security for
every t" month in the sample period. In some studies, daily returns are also used; although it
enhances data size but it may cause noise as well, as French (1980) presented the weekend effect
the stock returns, which is usually higher. Returns are calculated.

6-months’ T-bill yield is taken as proxy for risk free rate. Ten equally weighted as well as
value weighted portfolios have been constructed after sorting the companies on market
capitalization (proxy for firm size). Dependent variable in the model is excess return of the
portfolios; whereas risk factors, namely systematic risk, size factor, value factor, profitability
factor and investment factor, are independent variables in the model. Four macroeconomic
variables, i.e. industrial production, PPI, interest rate, and exchange rate have been selected as
moderating (or threshold) variable on the basis literature review. Monthly data of
macroeconomic variables have been downloaded from IMF’s data portal called International
Financial Statistics (IFS).

Calculation & Description of Variables
Return on Securities

Return of each security in a portfolio is calculated through following equation:

Pit+Di—Pis—1

R, = Pir1 (8)

Where,

Ri: = Discrete return on i" security for t" month.

Pic = Price of i" security at t" month.

Pic1 = Price of i security at one month prior to t™ month.

Di; = Dividend on i" security at t" month.

Excess returns can be calculated as: (R,-,t — R{ )

Where,

R[ = Six-month T bill yield for t" month (proxy for risk free return).
Portfolio Returns

Rpj:=2XWi Ry

Where,

Rpjt = Return of j" portfolio for t" month.

Ri: = Discrete return on i" security for t" month in j" portfolio.

Wit = Weight of i security in t" month for j" portfolio.

Excess Return-Systematic Risk

Systematic risk as pricing factor is introduced in CAPM and it continues in Fama and
French 3 and 5 factors models. In asset pricing models, the coefficient of systematic risk is called
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market beta. Market return is calculated through PSX All Index (formerly KSE All Index) by
applying following equation:

Ry =~ 9)
t-1
Where,
Rmt = Market return for t™ month.
Iy = PSX All Index value at ™" month.
li-1 = PSX All Index value at one month prior to t™ month.

Size Factor (SMB: Small minus Big)

Three factor Fama & French model

SMBt __ (SL+SN+SH) — (BL+BN+SH)

= - (10)
Where,

SMB, = Excess returns on Size factor for t" month

SL = Portfolio of small firms and low book-to-market equity ratio firms.
SN = Portfolio of small firms and neutral book-to-market equity ratio firms.
SH = Portfolio of small firms and high book-to-market equity ratio firms.
BL = Portfolio of big firms and low book-to-market equity ratio firms.

BN = Portfolio of big firms and neutral book-to-market equity ratio firms.

BH = Portfolio of big firms and high book-to-market equity ratio firms.

Five factor Fama & French model

SMB(HML)+SMB(RMW)+SMB(CMA)

SMB, = : (11)

Where,

(SL+SN+SH) — (BL+BN+SH) _ (SL—-BL)+(SN—-BN)+(SH—BH)
SMB(HML) = 3 - 3

(SR+SN+SW) — (BR+BN+SW) _ (SR—-BR)+(SN—BN)+(SW—-BW)
SMB(RMW) == 3 3

(SC+SN+SA) — (BC+BN+SA) _ (SC—BC)+(SN—BN)+(SA—BA)
SMB(CMA) == 3 — 3

Value Factor (HML: High minus Low Book-to-Market)

HML, = (SH+BH)2— (SL+BL)

Profitability Factor (RMW: Robust minus Weak EBIT after deducting dividends)

RMW, = (SR+BR) —2 (SW+BW) (12)
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Investment Factor CMA (Conservative minus Aggressive attitude towards investment, net
asset change basis)

CMAi‘t — (SC+BC) ; (SA+BA) (13)

HYPOTHESES

Following null hypotheses are formulated in the study: Threshold Effect of Interest Rate

(T-Bills Rate) on CAPM

a.

b.

There is no significant impact (threshold effect) of interest rate on CAPM when applied on market portfolio

hd Hl: TE Interest Rate, CAPM, Market Portfolioz0
There is no significant impact (threshold effect) of interest rate on CAPM when applied on equally weighted
small size firms’ decile portfolio

o Hy: TE interest Rate, capm, Ew_p1=0
There is no significant impact (threshold effect) of interest rate on CAPM when applied on equally weighted
large size firms’ decile portfolio

o H3: TE jnterest Rate, capM, Ew_p10=0
There is no significant impact (threshold effect) of interest rate on CAPM when applied on value weighted
small size firms’ decile portfolio

e Hyl TE jnterest Rate, capm, vwv_p1=0
There is no significant impact (threshold effect) of interest rate on CAPM when applied on value weighted
large size firms’ decile portfolio

®  TE interest Rate, CAPM, VW_P10:O

Threshold Effect of Interest Rate (T-Bills Rate) on Three Factor Fama & French Model

a.

There is no significant impact (threshold effect) of interest rate on 3 Factor Fama French model when applied
on market portfolio

° HG: TE Interest Rate, 3 F Fama French, Market Portfolio=0
There is no significant impact (threshold effect) of interest rate on 3 Factor Fama French model when applied
on equally weighted small size firms’ decile portfolio

e  Hy: TE interest Rate, 3 F Fama French, Ew_p1=0
There is no significant impact (threshold effect) of interest rate on 3 Factor Fama French model when applied
on equally weighted large size firms’ decile portfolio

° HB: TE Interest Rate, 3 F Fama French, EW7P10=0
There is no significant impact (threshold effect) of interest rate on 3 Factor Fama French model when applied
on value weighted small size firms’ decile portfolio

° HQ: TE Interest Rate, 3 F Fama French, VW7P1=0
There is no significant impact (threshold effect) of interest rate on 3 Factor Fama French model when applied
on value weighted large size firms’ decile portfolio

o Hiol TE interest Rate, 3 F Fama French, vw_p10=0

Threshold Effect of Interest Rate (T-Bills Rate) on Five Factor Fama & French Model

a.

There is no significant impact (threshold effect) of interest rate on 5 Factor Fama French model when applied
on market portfolio
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L4 Hll: TE Interest Rate, 5 F Fama French, Market Portfolioz0
There is no significant impact (threshold effect) of interest rate on 5 Factor Fama French model when applied
on equally weighted small size firms’ decile portfolio

° H12: TE Interest Rate, 5 F Fama French, EW_Pl:0
There is no significant impact (threshold effect) of interest rate on 5 Factor Fama French model when applied
on equally weighted large size firms’ decile portfolio

° H13: TE Interest Rate, 5 F Fama French, EW_P10:0
There is no significant impact (threshold effect) of interest rate on 5 Factor Fama French model when applied
on value weighted small size firms’ decile portfolio

hd Hl4: TE Interest Rate, 5 F Fama French, VW_P1:0
There is no significant impact (threshold effect) of interest rate on 5 Factor Fama French model when applied
on value weighted large size firms’ decile portfolio

hd H15: TE Interest Rate, 5 F Fama French, VW_P10:O

Threshold Effect of Industrial Production (Large Scale Manufacturing Index) on CAPM

a.

There is no significant impact (threshold effect) of industrial production on CAPM when applied on market
portfolio

hd H16: TE Industrial production, CAPM, Market Portfolio:0
There is no significant impact (threshold effect) of industrial production on CAPM when applied on equally
weighted small size firms’ decile portfolio

° H17: TE Industrial production, CAPM, EW_P1=O
There is no significant impact (threshold effect) of industrial production on CAPM when applied on equally
weighted large size firms’ decile portfolio

e Hig: TE inqustrial production, cAPM, EW_P10:O
There is no significant impact (threshold effect) of industrial production on CAPM when applied on value
weighted small size firms’ decile portfolio

e Hig: TE industrial production, cAPM, VW_P1:O
There is no significant impact (threshold effect) of industrial production on CAPM when applied on value
weighted large size firms’ decile portfolio

e Hyol TE ingustrial production, capm, vw_p10=0

Threshold Effect of Industrial Production (Large Scale Manufacturing Index) on Three
Factor Fama & French Model

There is no significant impact (threshold effect) of industrial production on 3 F Fama French model when
applied on market portfolio

° H21: TE Industrial production, 3 F Fama French, Market Portfolio:0
There is no significant impact (threshold effect) of industrial production on 3 F Fama French model when
applied on equally weighted small firms’ portfolio

° H22: TE Industrial production, 3 F Fama French, EWJ’l:0
There is no significant impact (threshold effect) of industrial production on 3 F Fama French model when
applied on equally weighted large firms’ portfolio

° H23: TE Industrial production, 3 F Fama French, EW_P10:0

There is no significant impact (threshold effect) of industrial production on 3 F Fama French model when
applied on value weighted small firms’ portfolio
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e.

L4 H24: TE Industrial production, 3 F Fama French, VW_P1:0

There is no significant impact (threshold effect) of industrial production on 3 F Fama French model when
applied on value weighted large firms’ portfolio

° H25: TE Industrial production, 3 F Fama French, VW_PlO:0

Threshold Effect of Industrial Production (Large Scale Manufacturing Index) on Five
Factor Fama & French Model

There is no significant impact (threshold effect) of industrial production on 5 F Fama French model when
applied on market portfolio

° H26: TE Industrial production, 5 F Fama French, Market Portfolioz0
There is no significant impact (threshold effect) of industrial production on 5 F Fama French model when
applied on equally weighted small firms’ portfolio

hd H27: TE Industrial production, 5 F Fama French, EW_Pl:O
There is no significant impact (threshold effect) of industrial production on 5 F Fama French model when
applied on equally weighted large firms’ portfolio

hd H28: TE Industrial production, 5 F Fama French, EW_P10:0
There is no significant impact (threshold effect) of industrial production on 5 F Fama French model when
applied on value weighted small firms’ portfolio

° H29: TE Industrial production, 5 F Fama French, VW_P1:0
There is no significant impact (threshold effect) of industrial production on 5 F Fama French model when

applied on value weighted large size firms’ portfolio

° H30: TE Industrial production, 5 F Fama French, VW_PlO:O

Threshold Effect of Inflation (Producer Price Index) on CAPM

a.

There is no significant impact (threshold effect) of inflation on CAPM when applied on market portfolio

®  Ha1: TE infiation, cAPM, Market Portfolio=0

There is no significant impact (threshold effect) of inflation on CAPM when applied on equally weighted
small size firms’ decile portfolio

e Hao: TE infiation, capm, ew p1=0

There is no significant impact (threshold effect) of inflation on CAPM when applied on equally weighted
large size firms’ decile portfolio

o  Hasl TE infiation, capm, Ew p10=0

There is no significant impact (threshold effect) of inflation on CAPM when applied on value weighted
small size firms’ decile portfolio

o Hal TE jnfiation, capm, vw_p1=0

There is no significant impact (threshold effect) of inflation on CAPM when applied on value weighted

large size firms’ decile portfolio

e Has: TE infiation, capm, vw p10=0
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Threshold Effect of Inflation (Producer Price Index) on Three Factor Fama & French

Model

a.

There is no significant impact (threshold effect) of inflation on 3 Factor Fama French model when applied
on market portfolio

4 H36: TE Inflation, 3 F Fama French, Market Portfolioz0
There is no significant impact (threshold effect) of inflation on 3 Factor Fama French model when applied

on equally weighted small size firms’ decile portfolio

e Ha7: TE inniation, 3 F Fama Erench, EW_P1:0
There is no significant impact (threshold effect) of inflation on 3 Factor Fama French model when applied

on equally weighted large size firms’ decile portfolio

e Hag: TE jnfiation, 3 F Fama French, ew_p10=0
There is no significant impact (threshold effect) of inflation on 3 Factor Fama French model when applied

on value weighted small size firms’ decile portfolio

i H39: TE Inflation, 3 F Fama French, VW_P1:0
There is no significant impact (threshold effect) of inflation on 3 Factor Fama French model when applied

on value weighted large size firms’ decile portfolio
e Huo: TE jnfiation, 3 F Fama French, vw_p10=0

Threshold Effect of Inflation (Producer Price Index) on Five Factor Fama & French Model

a.

There is no significant impact (threshold effect) of inflation on 5 Factor Fama French model when applied
on market portfolio

i H4l: TE Inflation, 5 F Fama French, Market Portfolio:0

There is no significant impact (threshold effect) of inflation on 5 Factor Fama French model when applied
on equally weighted small size firms’ decile portfolio

e Hu: TE infiation, 5 F Fama French, EW_P1:0

There is no significant impact (threshold effect) of inflation on 5 Factor Fama French model when applied
on equally weighted large size firms’ decile portfolio

o Hu3: TE jnfiation, 5 F Fama French, Ew_p10=0

There is no significant impact (threshold effect) of inflation on 5 Factor Fama French model when applied
on value weighted small size firms’ decile portfolio

i Hi: TE Inflation, 5 F Fama French, VW_P1:0

There is no significant impact (threshold effect) of inflation on 5 Factor Fama French model when applied
on value weighted large size firms’ decile portfolio

i His: TE Inflation, 5 F Fama French, VW_P10=O

Threshold Effect of Exchange Rate (National Currency per US Dollar, Monthly Average)
on CAPM

There is no significant impact (threshold effect) of exchange rate on CAPM when applied on market
portfolio

b H46: TE Exchange rate, CAPM, Market Portfolio=0

There is no significant impact (threshold effect) of exchange rate on CAPM when applied on equally
weighted small size firms’ decile portfolio

®  Hyz: TE Exchange rate, capm, Ew_p1=0

There is no significant impact (threshold effect) of exchange rate on CAPM when applied on equally
weighted large size firms’ decile portfolio

o Hug: TE gxchange rate, capm, ew_p10=0

There is no significant impact (threshold effect) of exchange rate on CAPM when applied on value
weighted small size firms’ decile portfolio

° H4_93 TE Exchange rate, C{-\PM,VW_PIZO )

There is no significant impact (threshold effect) of exchange rate on CAPM when applied on value
weighted large size firms’ decile portfolio
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e Hsol TE gxchange rate, capm, vw_p10=0

Threshold Effect of Exchange Rate (National Currency per US Dollar, Monthly Average)
on Three Factor Fama & French Model

a.

There is no significant impact (threshold effect) of exchange rate on 3 Factor Fama French model when
applied on market portfolio

d HSl: TE Exchange rate, 3 F Fama French, Market Portfolio:O

There is no significant impact (threshold effect) of exchange rate on 3 Factor Fama French model when
applied on equally weighted small firms’ portfolio

d H52: TE Exchange rate, 3 F Fama French, EW_P1:0

There is no significant impact (threshold effect) of exchange rate on 3 Factor Fama French model when
applied on equally weighted large firms’ portfolio

d H53: TE Exchange rate, 3 F Fama French, EW_P10:0

There is no significant impact (threshold effect) of exchange rate on 3 Factor Fama French model when
applied on value weighted small firms’ decile portfolio

i H54: TE Exchange rate, 3 F Fama French, VW_Pl:0

There is no significant impact (threshold effect) of exchange rate on 3 Factor Fama French model when
applied on value weighted large firms’ decile portfolio

i H55: TE Exchange rate, 3 F Fama French, VW_PlO:0

Threshold Effect of Exchange Rate (National Currency per US Dollar, Monthly Average)
on Five Factor Fama & French Model

a.

There is no significant impact (threshold effect) of exchange rate on 5 Factor Fama French model when
applied on market portfolio

i H56: TE Exchange rate, 5 F Fama French, Market PortfoliozO

There is no significant impact (threshold effect) of exchange rate on 5 F Fama French model when applied
on equally weighted small firms’ decile portfolio

d H57: TE Exchange rate, 5 F Fama French, EW_Pl=O

There is no significant impact (threshold effect) of exchange rate on 5 F Fama French model when applied
on equally weighted large firms’ decile portfolio

e Hg TE Exchange rate, 5 F Fama French, EW_PlO:0

There is no significant impact (threshold effect) of exchange rate on 5 F Fama French model when applied
on value weighted small firms’ decile portfolio

d H59: TE Exchange rate, 5 F Fama French, VW7P1:O

There is no significant impact (threshold effect) of exchange rate on 5 F Fama French model when applied

on value weighted large size firms’ decile portfolio

b HGO: TE Exchange rate, 5 F Fama French, VW7P10=0

Procedure of Analysis

The procedure of the study can be divided into following stages:

1.

Computation of excess discrete market returns on monthly basis for each stock traded in PXS by
subtracting risk free rate (six months T-bill yield).

Generate a series of monthly discrete market returns for ten years from 2000 to 2010 through PXS 100
Index (formerly KSE 100 Index) (taking as market portfolio).

Construction of decile portfolios based on size; both equally weighted and value weighted portfolios are
constructed. Taking the smallest and the largest portfolios from equally weighted and value weighted sets
of portfolio.
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4, Generation of factor loadings for CAPM, Three Factor Fama & French model, and Five Factor Fama &
French Model.
5. Introduction of macroeconomic factors as threshold variables in the asset pricing models to identify the

impact of regime shift on pricing models for market portfolio as well as size based portfolios.
Statistical Tools
Threshold regression

Threshold Regression (TR) model is applied to show linear piecewise relationship of
nonlinear relation of a variable or a set of variables in a model. The piecewise linear relationship
is shown in terms of threshold value of the variable. The threshold value is unknown and
determined through internal sorting, which may be more than one depending upon nonlinearity
of relationship. Threshold Regression can be used for identifying multiple equilibriums,
empirical sample splitting, and to study the impact of macroeconomic shocks. Hansen (2000)
developed the statistical theory for threshold regression.

Newey-West Estimator

Whitney K. Newey and Kenneth D. West developed this estimator in 1987. For
regression-type model, Newey—West estimator is applied to relax two important assumptions
of Gauss—Markov; namely, no autocorrelation and homoskedasticity.

RESULTS

Threshold regression has been applied 60 times with different combinations of 5
portfolios, 3 asset pricing models and 4 macroeconomic variables (as indicated in hypothesis
section). In each of the regressions, size based portfolio return is dependent variable, risk factor
loadings of pricing model are independent variables, whereas macroeconomic variable serves as
threshold variable. Abridge results threshold regressions are presented in Tables 1-4.

Table 1
REGRESSIONS WITH INTEREST RATE AS THRESHOLD VARIABLE

Macroeconomic | Model Portfolio Overall Null Hypothesis | Exp. Power R | Threshold
Variable Sig. F-test square Effect
Interest rate CAPM | Market Portfolio Sig. Rejected 99% | No
(T-Bills rate) EW _P1 Insig. Not Rejected 1% | No
EW_P10 Sig. Rejected 83% | Yes
VW_P1 Insig. Not Rejected 1% | No
VW_P10 Sig. Rejected 81% | Yes
Fama Market Portfolio Sig. Rejected 99% | Yes
French | EW_P1 Sig. Rejected 6% | Yes
3 Factor | EW_P10 Sig. Rejected 83% | Yes
VW _P1 Insig. Not Rejected 0.80% | No
VW _P10 Sig. Rejected 82% | Yes
Fama Market Portfolio Sig. Rejected 99% | Yes
French | EW_P1 Insig. Not Rejected 3% | No
S Factor | EW_P10 Sig. Rejected 83% | Yes
VW _P1 Sig. Rejected 5% | No
VW _P10 Sig. Rejected 80% | No
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Table 2
REGRESSIONS WITH INDUSTRIAL PRODUCTION AS THRESHOLD VARIABLE
Macroeconomic Model Portfolio Overall Sig. Null Exp. Power R Threshold
Variable F-test Hypothesis square Effect
Large Scale CAPM | Market Portfolio Sig. Rejected 99% No
Manufacturing EW_P1 Insig. Not Rejected 0.70% No
Index EW_P10 Sig. Rejected 81% No
VW_P1 Insig. Not Rejected 0.30% No
VW_P10 Sig. Rejected 80% No
Fama Market Portfolio Sig. Rejected 99% No
French | Ew_P1 Insig. Not Rejected 0.70% No
3 Factor "Ew_p10 Sig. Rejected 81% No
VW_P1 Insig. Not Rejected 0.80% No
VW_P10 Sig. Rejected 79% No
Fama Market Portfolio Sig. Rejected 99% No
French | Ew_P1 Insig. Not Rejected 3% No
5 Factor "Ew p10 Sig. Rejected 83% Yes
VW_P1 Insig. Not Rejected 5% No
VW_P10 Sig. Rejected 80% No
Table 3
REGRESSIONS WITH INFLATION AS THRESHOLD VARIABLE
Macroeconomic Model Portfolio Overall Null Exp. Power Threshold
Variable Sig. F-test Hypothesis R square Effect
Producer Price CAPM | Market Portfolio Sig. Rejected 99% No
Index EW _P1 Insig. Not Rejected 0.30% No
EW_P10 Sig. Rejected 81% No
VW _P1 Insig. Not Rejected 0.30% No
VW_P10 Sig. Rejected 79% No
Fama Market Portfolio Sig. Rejected 99.00% No
French | EW P1 Insig. Not Rejected 0.70% No
3 Factor | EW P10 Sig. Rejected 81% No
VW _P1 Insig. Not Rejected 0.80% No
VW_P10 Sig. Rejected 79% No
Fama Market Portfolio Sig. Rejected 99% Yes
French | EW_P1 Insig. Not Rejected 0.30% No
5 Factor | EW_P10 Sig. Rejected 82% No
VW _P1 Sig. Rejected 5% No
VW _P10 Sig. Rejected 80% No
Table 4
REGRESSIONS WITH EXCHANGE RATE AS THRESHOLD VARIABLE
Macroeconomic | Model Portfolio Overall Null Exp. Power R Threshold
Variable Sig. F-test Hypothesis square Effect
Exchange Rate CAPM | Market Portfolio Sig. Rejected 99% No
EW_P1 Insig. Not Rejected 0.30% No
EW_P10 Sig. Rejected 83% Yes
VW P1 Insig. Not Rejected 0.30% No
VW P10 Sig. Rejected 82% Yes
Fama Market Portfolio Sig. Rejected 99% Yes
French | EW _P1 Insig. Not Rejected 4% Yes
3 Factor | EW_P10 Sig. Rejected 84% Yes
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Table 4
REGRESSIONS WITH EXCHANGE RATE AS THRESHOLD VARIABLE

VW _P1 Insig. Not Rejected 0.80% No

VW P10 Sig. Rejected 82% Yes

Fama Market Portfolio Sig. Rejected 99% Yes
French | EW_P1 Insig. Not Rejected 3% No

5 Factor | EW P10 Sig. Rejected 84% Yes
VW _P1 Sig. Rejected 5% No

VW P10 Sig. Rejected 80% No

Highlighted portfolios are those which are not only significant but having threshold effect
as well. These highlighted portfolios are the evident of the fact that the relationship of portfolio
returns and asset pricing models does not remain linear in the presence of macroeconomic
factors. In the medium and long run, there are regime shifts in PSX exhibited by threshold
point(s). Regressions having threshold effect can be summarized in terms of portfolio
macroeconomic variable, and asset pricing model wise, as provided in Table 5.

Table 5
SUMMARY OF THRESHOLD EFFECTS
Portfolio wise | # of times Variable wise # of times Model wise # of times

Market Portfolio 5 Interest rate (T-Bills rate) 8 CAPM 4

EW _P1 1 Large Scale Manufacturing Index 1 Fama French 3 Factor 7
EW_P10 7 Producer Price Index 1 Fama French 5 Factor 6
VW _P1 0 Exchange Rate 7

VW_P10 4

DISCUSSION
Threshold Effect

It is evident from the result that out of four macroeconomic variables only two variables
namely interest rate and exchange rate have found to cause threshold effect, as 8 and 7 portfolios
respectively are found significant with threshold effect out of 20 portfolios. Empirical analysis of
Kim (2003) also shows negative relation of interest rate and exchange rate with stock prices; but
in his study industrial production as well as inflation were also significant whereas in our study
these two macroeconomic variable are not found significant in terms causing threshold effect.
Alam and Uddin (2009) also presented that interest rate is negatively related to stock prices. As
far as asset pricing models are concerned, five factors Fama French model works best in PSX. As
many as 15 portfolios out of 20 are significant but threshold effect is found only in 6 portfolios.
Threshold effect is most evident in three factors Fama French model. Almost 13 portfolios are
found significant, and out of these 13 portfolios, 7 are found to have threshold effect.

The most important finding in above mentioned result is the critical role of the firm size
in these threshold regression analyses. When the threshold effects are analyzed portfolio wise, it
found to be evident in large firm’s portfolios whereas the threshold effect is negligible in small
firms’ portfolios. Equally weighted decile portfolio of large firms is found to have most numbers
of threshold effects, which is 7 out of 12 portfolios. Similarly, in value weighted portfolios, again
the threshold effect is captured in large firms’ portfolios. There are 4 portfolios out of 20 value
weighted portfolios of large firms where threshold effect is captured.
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Threshold Points

Threshold points are the values of threshold variables, after which there is a change in the
relationship of dependent and independent variables. There are three threshold points identified
for interest rate, but out of these three, first threshold point is more dominating as it is found in
almost 8 occasions whereas the other two threshold points are just appeared once and twice. The
average value of first threshold point of interest rate is 3.43, describing that once the t bill rate
crossed 3.43%, it affected the risk return relationship of PSX portfolios. On average basis, three
threshold points are also identified for exchange rate viz. 58.25, 62.48, and 81.62 PKR/USD. The
first threshold point is the most frequent one as it is found with 8 portfolios; portfolio returns
before the threshold point are greater than the returns after threshold (Appendix).

CONCLUSION

Capital market is not a closed system; its performance is not limited to performance of
corporate sector and market related factors such as momentum or liquidity etc. But
macroeconomic factors like GPD, inflation, money supply, interest rate do have the impact on
capital market returns and consequently the returns of portfolios. If the risk return relation of the
market is changing vis-a-vis portfolios’ risk return relationship, it will render asset pricing
models to behave differently on different occasions. Firms’ return is the function of internal
factors like profitability, growth etc. as well as external factors such as interest rates, exchange
rates, GDP, inflation etc. Thus, the functioning and performance of asset pricing models are
dependent on macroeconomic variables; and they cannot exhibit linear relationship of portfolio
returns and risk factors over a long period of time.

In order to identify regime shifts (nonlinear relationship), threshold regression is applied
on five different size based portfolios with three asset pricing models. Based on literature review,
four macroeconomic variables including interest rate, industrial production, producer price index
and exchange rate have been inculcated in the model. With different combinations of portfolios,
asset pricing models and macroeconomic variables, threshold regression have been applied sixty
times; out of which forty are found to be significant and out of these forty regressions seventeen
are having threshold effect.

Macroeconomic variable wise analyses suggest that interest rate and exchange rate
among four macroeconomic variables causing threshold effect (regime shift) on portfolio returns.
The most effective threshold point is 3.43% for interest rate (T-Bill rate), and 58.25 PKR/USD
for exchange rate. Asset pricing model wise results suggest that the three factors Fama French
model have more threshold effects as compared to CAPM and five factor Fama French model.
According to the results of the study, size of firm plays critical role in accepting macroeconomic
impact on portfolio returns, as threshold effect is frequently found in the large firm’s portfolio.
Thus, it can be concluded that interest rate and exchange rate are creating regime shift only in
large firms’ portfolios, which can be well captured through three factor Fama and French model.

APPENDIX

Sources of Secondary Sources

1. Bloomberg Website: (PXS security prices)
a. http://www.bloomberg.com/markets/stocks
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2. International Monetary Fund Website: (PPI, CPI, interest rates, exchange rate, and GDP from
International Financial Statistics)
a. http://data.imf.org/?sk=5DABAFF2-C5AD-4D27-A175-1253419C02D1&sld
3. Pakistan Stock Exchange Limited:
a. https://www.psx.com.pk/
4. State Bank of Pakistan

a. www.sbp.org.pk/
The Summary of Threshold Points is provided in the Table 6.

Table 6
THRESHOLD POINTS
Macroeconomic Model Portfolio Threshold Point(s) Data
Variables Bifurcation
Interest rate CAPM EW P10 3.19
VW_P10 3.84 23, 109
3 Factor Fama French | EW _P1 3.19 20, 112
EW P10 3.18 19,113
VW _P10 3.19 10.29 19, 69, 44
Market Portfolio 3.84 11.47 23,74, 35
5 Factor Fama French | EW_P10 3.19 19, 113
Market Portfolio 3.84 7.83 |11.54 |23, 24,53, 32
Average 3.43 986 |11.54
Large Scale 5 Factor Fama French | EW_P10 96.19 84, 47
Manufacturing
Producer Price Index | 5 Factor Fama French | Market Portfolio 84.24 113,19
Exchange Rate CAPM EW_P10 58.03 25, 107
VW _P10 58.03 25, 107
3 Factor Fama French | EW_P1 57.78 22,110
EW P10 58.03 |62.15 25, 67, 40
VW _P10 58.03 | 64.07 25,71, 36
Market Portfolio 60.17 63, 69
5 Factor Fama French | EW_P10 58.03 25, 71
Market Portfolio 57.91 |61.22 |81.62 (24,63, 26
Average 58.25 |62.48 |81.62
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