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Money transmission mechanisms and identified long-run relationships between 

the Banking Sector’s balance sheet and the macroeconomy in Pakistan 

 

1. Introduction and theoretical overview 

In this paper we investigate the links between monetary policy, the Banking Sector 

and the (aggregate) real economy in Pakistan over a forty year period, which 

commences in 1964. Those links have been articulated in many papers over those 

years, and several possible monetary channels have been advanced, some of which are 

essentially changes of name for existing channels, or nested within others, so that the 

main channels can be summarily defined to be: (1) the money or interest rate channel; 

(2) the bank lending (credit) channel, or “broad lending (credit) channel”; (3) the 

exchange rate channel; and (4) the expectations channel. The last two have featured in 

the literature over recent years due to the floating of exchange rates, foreign exchange 

crises, and the influence on markets and on the information/actions of Central Banks, 

of “the rational expectations” revolution.  

 The money channel does not require any discussion of the banking sector. It is 

a channel whereby changes in monetary policy which say, raises, interest rates, such 

as open market operations which reduces the monetary base and thus the money 

supply in the economy. Other things being equal, in particular, if the rate of inflation 

does not increase coincidentally with the hike in interest rates, the real rate of interest 

will increase. That will tend to reduce investment in plant and machinery; with 

subsequent negative multiplier effects on aggregate output, future profits and net 

worth. Here is the simplest, and most direct, transmission from monetary policy to the 

real sector.  
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 The bank lending channel has two possible facets; which are often kept 

separate so generating two theories of the monetary transmission mechanism. The 

first interpretation involves a role for the banking sector; doing so for reasons 

substantially identical with those just adumbrated for the money channel. To be 

specific, the ability of firms to gain access to external finance is impaired by the 

increase in asymmetric information and moral hazard engendered by increase in 

interest rates, which weakens their balance sheets. Banks will raise the risk premium 

on the cost of loans to firms, and so they will be able to borrow less: ceteris paribus, 

investment and subsequently, aggregate output, will fall. The second interpretation of 

the banking/lending channel considers the sources of borrowed funds that are 

available to businesses. Small firms, with limited net worth, might only be able to 

raise external funds form banks, accordingly, when monetary policy is tightened, for 

the kind of reasons adduced above, they will be credit-constrained. This is also a 

possibility, of course, for “large” firms: but they might have access to alternative 

sources of finance, such as corporate bond or equity markets. In rudimentary capital 

markets that will not be possible and so this could increase the dependency on the 

banks: aggravating the reduction in capital investment.1  

 In regard to the foreign exchange rate channel, the foreign exchange rate can 

simply be regarded as an additional intermediary between interest rate changes and 

                                                 
1 These two channels and their subdivisions (of the kind pointed out above) have been 

surveyed in many excellent papers. We just note, for example, Bernanke (1993), 

Gertler and Gilchrist (1993), Kashyap and Stein (1995), Hubbard (1995), Bernanke, 

Gertler and Gilchrist (1996).For a kind of “survey of the surveys” see also, Cecchetti 

(1995).  
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output in the two main channels. Thus, as the interest rate increases due to a monetary 

contraction it can weaken the exchange rate both directly, and indirectly if the market 

expects further depreciations, with consequences for exports, imports and so for 

aggregate output. Obviously, any overall impact on the latter will depend upon many 

inter-dependent factors, such as: the type of exchange rate regime; the impact of the 

exchange rate on exports, which will be dependent upon imports, and on imports; and, 

the relationships between output, exports and imports.  

 The expectation channel is also one that can be incorporated into the two main 

channels. Its main thesis is that expectations of inflation (which can obviously be 

determined by the exchange rate as well as the rate of interest) and the general state of 

the economy play a crucial in the monetary transmission mechanism. For example, in 

the case of a financial crisis, possibly expectations of a further decline in economic 

activity and inflation could reduce the time-path of the expenditure of households and 

businesses in order to strengthen liquidity positions: thereby helping to generate the 

expected outcome.  

 In this study we focus on the two main channels. The possible role of the 

exchange rate has to be ignored because we use data from the time post-Second 

World War when the most reliable data are available for Pakistan on the major 

variables claimed to be involved in the monetary transmission mechanism. This is 

1964: and the long run of observations is used in order to assess the possibility of 

discovering long-run cointegrating relationship between monetary policy, the banking 

sector and the real economy. The consequence is that we cannot obtain reliable data 

(except from around 1990) on the exchange rate, and so on the real effective exchange 

rate. Expectations are also omitted: in any event, those that might be significant are 

those regarding the foreign exchange rate.  
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 The rest of the paper is organised as follows. In Section 2 we provide an 

overview of the Banking Sector and its portfolio. This is followed in Section 3 by a 

further overview, one that outlines the econometric methodology we employ: VARs, 

VECs and the investigation of the presence of cointegration relationships between 

monetary indicators, the banking sector and the real economy. Our estimates are 

presented in Section 4. The latter consists of two sub-sections. The first describes the 

variables in our systems, including the indicator(s) of monetary policy, and 

summarises the properties of our data. For estimation purposes, the latter cover the 

period 1964s1 to 2005s1 on a half-yearly basis: then to provide some form of 

evaluation of the long-run relationships that we have found for the MTM, we use data 

from 2005s2 to 2008s2. The second sub-section reports the main features of our VAR 

estimates for two separate systems: the one where all bank loans are aggregated, and 

the other wherein those loans are separated out into two broad categories. Those are 

loans to the “public sector” and those to the “non public sector”, the latter being loans 

to the personal sector and to private industry and commerce. For each VAR we 

present and analyse impulse responses and variance decompositions to endeavour to 

uncover the monetary transmission mechanism. Thereafter, we test for cointegration; 

and then, having found this, we identify the cointegration vectors from the resulting 

VEC model, to produce long-run linkages for the monetary transmission mechanism.  

It has been argued strongly by Rudebusch (1998), for example, that the 

econometric investigations that we have just outlined, do not convey any information 

about the monetary transmission mechanism unless the residuals from the basic VARs 

can be shown to be connected with innovations, sudden adjustments, to monetary 

policy instruments. This is considered, therefore, in Section 5 where we demonstrate 

the residuals in our two VARs do meet those requirements.  Section 6 summarises our 
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discussions. The paper has three Appendices which are all explained in the main text 

as we proceed.  

 

2. Overview of the Banking Sector and its portfolios 

Pakistan has a well-developed banking system, comprising 47 scheduled commercial 

banks, 6 DFIs (Development Finance Institutions), and 2 MFBs (Microfinance 

Banks). Here, we consider the portfolio behavior of the scheduled commercial banks, 

which operate in accordance with the provision of the banking companies Ordinance, 

1962 (and its later amendment in 1997: noted below). All such banks are classified 

into three main groups: public sector banks (which are sub-divided into commercial 

and specialised banks), domestic private banks and foreign banks. The scheduled 

commercial banks are regulated by the State Bank of Pakistan’s Prudential 

Regulations, albeit through different wings, and are subject to different regulatory 

requirements. 

In regard to the Banking Sector as such, and its development, we note, indeed, 

that the domestic banks were nationalised in the 1970s. The main purpose of that 

process was to render the banks more efficient and more capable of meeting the credit 

needs of the economy, especially of the agricultural and the public sector. Having 

achieved those initial objectives, banking reforms were introduced in two phases, one 

over the late 1980s/early1990s and the other over 1997/2001. The main aim of the 

first set of reforms was to generate more competition in the Banking Sector, by such 

steps as freeing entry of private banks into the market, by downsizing the branches of 

the major Nationalised Commercial Banks and the Development Finance Institution. 

The second phase of the reforms was to complete that process of privatisation and 

liberalisation.  
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Our focus is the commercial banking sector (so we also exclude from our 

study the (still) few specialised Islamic Banks which began to be formed in 1996) and 

which we consider in aggregate. The balance sheets of the constituent banks in the 

Banking Sector, whether under domestic or foreign ownership, are similar and their 

financial items in their portfolios embrace the same broad categories (apart from the 

absence of derivatives) familiar from Western Banking Sectors. Accordingly, the 

typical balance sheet contains as assets: loans to various sectors (government, public, 

private, personal, trust funds and others), government securities, provincial 

government securities treasury, first class bills of exchange, and cash. Liabilities 

consist of demand and time deposits, capital and reserves. In our evaluation of the 

monetary transmission mechanism in Pakistan we consider three main categories in 

the balance sheet, all of which have been the focus of much of the applied research on 

this subject, namely: total deposits, total loans (and loans separated out into “loans to 

the public sector” and “loans to the non-public sector”, which latter are substantially 

those to the personal sectors), and government securities.  

 

3: MTMs: Econometric methodology: VARs, VECs and cointegrating 

relationships 

3.1: VARs 

By far the dominant methodology used in the literature for investigating the monetary 

transmissions mechanisms is the VAR, consequent to the pioneering work Sims 

(1980). The impulse responses functions and variance decompositions that it 

generates, makes it possible to identify which, if any,  MTM appears to be operating 

in a given economy, and enables an assessment of its short- and long- term effects. 

Following on from the subsequent developments on multivariate unit roots by 
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Johansen (for example, 1988(a), 1988(b), 1995(a), and 1995(b)), it is possible also if, 

say, all the variables in a particular VAR are not I(0),  to evaluate the possibility that 

the variables are cointegrated, with the consequent possibility that long-term 

relationships between the monetary/banking sectors and the real economy can be 

uncovered and then identified.2   

 A by now familiar approach to the specification of a VAR for analysis of 

monetary transmission channels, is the semi-structural form, adopted by Bernanke and 

Blinder (1992).  That can be formulated as:  

nyEyLASy ttttt ×==+= 1;0)(:)( εε                                                                      (1) 

)(LA is a matrix polynomial in the lag operator L for a VAR ( )p : 

p
pLALALALA +++= K2

21)(                                                                                     (2) 

Any structural contemporaneous parameters on the endogenous variables are, of 

course, contained in the matrix S. Following the literature on MTMs, we assume that 

the vector ty  contains no exogenous economic variables; though in the estimation of 

the VARs we incorporate deterministic terms, intercepts and a time trend, as will be 

seen later. The vector ty  contains one variable to encapsulate the “strength or 

weakness” of monetary policy, the “indicator variable”, and a set of endogenous 

variables (as just implied, exogenous variables are excluded here as is generally the 

case in studies of MTMs) which help to determine it: and which the monetary 

authority is regarded as endeavouring to influence by its monetary policy instruments. 

The MA representation of equation (1) is: 

                                                 
2 Johansen’s work, of course, relied upon the Representation Theorem of Engle and 

Grainger (1987) which they had developed for a single-equation, OLS, approach to 

cointegration.  
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1)]([:)( −−=ΘΘ= LASLy tt ε                                                                                   (3) 

Where  [ ] 0=tE ε and, as in Sims (1980)3, [ ] ntt IE ='εε . In this case [ ]'ttE εε  will be nI  

if 1×= nyt , the matrices S and pA being conformable with the y vector. pL is the lag 

operator, where p describes the order of the VAR.  

The reduced form of equation (1) is:  

ttttt SuuyLASy ε11 :)( −− =+=                                                                                   (4) 

 Hence:   

( ) ( )( ) ))()(( 11'11' ′′==Ω= −−−− SSSSuuE tttttt εεεε                                                         (5) 

If we assume, as in Sims (1980), that ntt IE =′)( εε  then:  

))(( 11 ′=Ω −− SS                                                                                                          (6) 

So 1−S is the Cholesky decomposition of the reduced-form covariance matrix.  

From the moving average (MA) representation of the system (equation (3)), it 

follows that for the system to respond in a stable manner to any given random 

disturbance, so that over time the responses approach 0, it must be mathematically 

stable, in that the roots of the matrix polynomial, ( ) 0)(1 =− − LASI n , must lie 

outside the unit circle in absolute value, or are 1 in the presence of cointegration, and 

hence, of unit roots, in the VAR. Alternatively, if the VAR is written in companion 

form, that the roots of the companion matrix should be less than one in absolute value 

or are equal to plus 1 in the presence of cointegration.  

                                                 
3 That is, the structural disturbances are orthogonal (and so independent). Therefore 

the Cholesky decomposition of Ω  provides the zero restrictions (to complement the 

)1(
2
1

+pp  constraints) on Ω  needed to identify the elements of 1−S .  
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Employing the Cholesky decomposition to uncover the structural innovations 

means that the system is then a recursive model or Wold-causal chain; the way in 

which the variables affect each other is determined by their position in the ordering. 

In this sense, the contemporaneous innovations in the other variables influence all 

those below them in the chain and none of those variables above them in the order. 

Accordingly, Sims (1992) maintained that the leading indicator of monetary 

policy should be ordered first if (it is assumed that) there is no contemporaneous 

feedback from non-policy variables onto that indicator. Thus, if it is assumed that the 

monetary policy decisions are set without considering the simultaneous evolution of 

economic variables; such as when information on non-policy variables is not readily 

available to the monetary or policy-making authorities. Furthermore, should it be 

thought that the indicator variable responds to contemporaneous feedback from non-

policy variables, the policy variable should be placed last in the chain.  

Having said this, it does not matter how the variables are ordered for the 

calculation of impulse responses and variance decompositions, if the correlations 

between the error terms from the estimated VAR are zero or virtually so. There exist, 

of course, alternative approaches to generating a set of orthogonal innovations, such 

as the generalised impulse responses formulated by Pesaran and Shin (1998). In their 

formulation, the impulse responses from an innovation to the i-th variable, are 

obtained from having computed a Cholesky decomposition with the i-th variable 

ordered as the first variable. Such responses will be identical to those obtained from 

the Cholesky decomposition on the “original” system if the correlations between the 

innovations in the VAR are zero. We will also refer to the Generalised responses of 

Pesaran and Shin (1998).  
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The impulse responses derived from the moving average formulation of the 

system provide the information on the monetary transmission mechanism, tracking as 

they do the impacts of a ceteris paribus, one standard deviation innovation to the 

monetary indicator, on the other variables instantaneously and over time. Stability of 

the system guarantees that those effects eventually dwindle to zero. Those impulses 

over the “short run” and the cumulative, “long run”, impacts are analysed for our 

models. Likewise the consequent variance decompositions of the variables after an 

innovation to themselves and the other variables are noted.  

 
 
3.2: VECs and cointegrating relationships 
 
In addition to using the VARs to ascertain what kind, if any, MTM, operates in a 

given economy, the hope is, of course, that they can be utilised to evaluate the 

presence or otherwise of long-run relationships between the variables in the system, 

and ideally, between the policy indicators and the key variables in the 

banking/financial system. Such associations require the discovery of cointegrating 

relationships between particular variables; and the estimation of a vector error 

correction model (VECM):  

tit

p

i
itt yyy ε+∆Γ+Π=∆ −

−

=
− ∑

1

1
1                                                                                        (8) 

Here: )(,;; 1

11
iASandI i

p

ik
ki

p

i
i

−

+==

=ΠΠ−=Γ−Π=Π ∑∑                                                 (9) 

From Granger’s representation theorem (1987) we can write the long-run matrix as:  
 

nrnrrn ≤×=′×=′=Π ,,: βαβα                                                                         (10) 
 
In equation (10), r denotes the rank of the matrix Π ; which for cointegration to be 

present must be of reduced rank, nr < . The trace statistic developed by Johansen is 
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used to determine r, the number of cointegrating relationships in the VARs that 

follow.  

 When cointegration is found, of course, the cointegrating vectors are not 

necessarily identified (unique). Normalisations are employed to obtain the vectors, 

and that suggested by Johansen (1995(b)) is frequently adopted.4  The vectors can 

only be identified by the imposition of parameter restrictions that follow from 

economic theory as such, or as in the case of MTMs, which are suggested by the 

possible relationships between the monetary indicator variable and the portfolio 

activities of the banking sector and its possible linkages with the real sector. For 

example, it might be possible to identify a long-run relationship between bank 

lending, the monetary policy indicator variable (such as an interest rate) and GDP. In 

this econometric study we have identified such relationships. The Likelihood Ratio 

tests for determining whether cointegrating vectors have been identified and the 

restrictions that have been imposed to identify them do hold, are detailed in Johansen 

((1995(a), (1995(b)).  

 

4. Estimation of VARs: MTM, impulse response, variance decompositions and 

identified long run relationships 

4.1: Variables, monetary policy indicators and the data 

As noted in Section 1, the variables in our VARs are for the aggregate banking sector. 

To gain some, but albeit limited, insight into the credit channel via the notion of 

“credit constrained” sectors or industries, we have done processed the data on bank 

loans into those to two broad categories of borrowers: government and government-

                                                 
4 Some software packages, such as EViews, use alternative normalisations, though it 

does provide the Johansen normalisation: however, it does not identify the vectors.    
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related sectors and non-government, or private/personal, sectors. This division has to 

bear a heavy burden, as it were, because it is endeavouring to capture the idea that 

small enterprises/groups might be unable to obtain credit in a period of monetary 

contraction, because for various reasons, there only source of finance is the banking 

sector. The loans to the two sectors are simply labelled: TLps, for total loans to the 

public sector; and TLnps, for total loans granted to the non public sector, or private 

sector, the “n” , that is, stands for non. The raw data are transformed into logarithms 

for the purposes of estimation. The deposits of the banking sector are summed across 

both times of deposits: again the logarithms of these are used in the estimation. They 

are assigned the notation, TDeps. The other major component of the banking sector’s 

portfolio which alters with changes in the conditions that affect loans and deposits, are 

government (“federal”) securities: these we label Fgs, and they also are used in their 

logarithmic form. The real sector variables included are the price level (Cpi) and the 

log of real GDP (GDP). The remaining variable in the VARs is an indicator of the 

strength or weakness in the monetary/banking sector.  

Two obvious options for that variable are, a short term interest rate, 

determined by the buoyancy in the sector, such as the six month Treasury Bill rate; or 

a quantity, such as a measure of the money supply. It is possible that both could be 

appropriate choices, and therefore be used separately in the test VARs. The State 

Bank of Pakistan’s basic monetary control mechanisms have not altered radically over 

the years, and in the past as now (see, for example, Agha et.al., 2005: and for a 

detailed history of the SBP, see Janjua (2005)), it seems to use the Treasury Bill rate 

as its policy indicator. This is similar to the situation in the USA where the Fed Funds 

rate is used as the indicator.  
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Naturally, should the central bank set “the” interest rate and allows the 

banking and real sectors to determine the money supply then, it would be movements 

in that supply which seemed not to be commensurate with the objectives of policy, 

say a given rate of inflation and/or level of real GDP, that would engender 

unanticipated adjustments to, innovations of, whatever short run interest rate the 

central bank fixes: such as its discount rate.5 We have estimated VARs and VECs 

using a measure of the money supply as an indicator. However, given that the 

Treasury Bill rate is the more likely to be used as the indicator by the SBP we do not 

include our results here (these are available from the authors on request).  

 In the following we report on two model type structures. Model 1(a) contains 

these variables: Sixmtbr, TLoans, Fgs, TDeps, Cpi and GDP. For Model 1(b), TLoans 

are separated out into TLps and TLnps.  

 The data are graphed in Appendix I: the discount rate and the monetary base 

(MB) are included there because they are used later in Section 5. The graphs reveal 

that many variables have trends; and so a trend is included in the VARs. Additionally, 

a trend was included in the unit root tests as seemed appropriate, and was indicated to 

be so by the test statistics under both the ADF and Phillips-Perron tests. The ADF 

tests found all variables to be I(1), and this was the case except for TLps by the 

Phillips-Perron tests; and the latter found M to be I(1), whilst the ADF test indicated 

that at just under the 10% level it was I(0).  The latter, however, can be taken to be too 

high a significance level.6  

                                                 
5 It is difficult, in fact, to locate any details of exact policy targets of the State Bank of 

Pakistan SBP.  
6 The ADF statistics, on the levels of the variables, are: Sixmtbr, -2.546 [0.11]; MB, -

2.393 [0.381]; Discrate, -1.822 [0.367]; TLoans, -2.351 [0.402]; TLps, -2.751 [0.220]; 

TLnps, -2.874 [0.176]; TDeps, -2.531 [0.313]; Fgs, -1.813 [0.690]; Cpi, 2.428 [1.00]; 
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4.2 Estimates of VARs and Identified Cointegrating Vectors 
 
4.2.1: Model 1(a) 
The estimates of the best VAR are given in Table II.1 in Appendix II, with lag length 

1. Further properties of these equations and of the system can also be found there. 

Those attributes cover the eigenvalues of the companion matrix, the test for lag length 

and the properties of the residuals.   

 In respect of the VAR itself we see, for example, that loans (deposits) respond 

negatively (positively) to an increase in the interest rate. Furthermore, perhaps 

through the interest rate impact on investment and consumption expenditure, 

aggregate output falls. Half of the beta coefficients on the six endogenous variables 

are statistically significantly different from zero, as are those for the intercept and the 

trend. As expected the coefficients of determination of all equations are almost 100%, 

both unadjusted and adjusted, save for the Treasury Bill equation (around 80%).  

 The diagnostic statistics show that the system is stable; with some of the 

impulse responses being cyclical. The residuals have attributes which enable us to use 

the VAR to test for cointegration. All except those from the equations for Federal 

Government Securities and Total Deposits, are normally distributed: and the two just 

mentioned, are only not so distributed because of negative/positive excess kurtosis. 

There is no autocorrelation and on one test, no heteroskedasticity.  

 In the correlation matrix of the residuals only that between those for the 

Treasury Bill rate and the log of the price level (at 0.33) give any indication that the 

use of the Cholesky decomposition might not produce “unique” impulse responses. In 

fact, when the Pesaran-Shin (1998) generalised impulses are used they produce 

                                                                                                                                            
GDP, -1.330 [0.612]; and for M, -3.196 [0.093]. The Phillips-Perron test for M gave, -

2.375 [0.390].  
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impulse time profiles that are almost co-terminus with those obtained for the 

Cholesky decomposition. That is so not only in the shape of the time profiles but their 

magnitudes. So, we only provide the impulses generated by the Cholesky 

decomposition. These are graphed in Figures 1 and 2: the latter being the cumulative 

responses. 

Figure 1: Impulses to 1 standard deviation innovation to Sixmtbr: Cholesky 
decomposition, Model 1(a) 
 

-0.4

0.0

0.4

0.8

1.2

1.6

2.0

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Response of Sixmtbr to Sixmtbr

-.03

-.02

-.01

.00

.01

.02

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Response of TLoans to Sixmtbr

-.06

-.04

-.02

.00

.02

.04

.06

.08

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Response of Fgs to Sixmtbr

-.03

-.02

-.01

.00

.01

.02

.03

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Response of TDeps to Sixmtbr

-1.2

-0.8

-0.4

0.0

0.4

0.8

1.2

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Response of Cpi to Sixmtbr

-2.0

-1.6

-1.2

-0.8

-0.4

0.0

0.4

0.8

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Response of GDP to Sixmtbr

 
 



 16

 
 
 
 Figure 2: Cumulated response over 30 periods: Model 1(a)  
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The period-by-period impulse responses in Figure 1 show that the rise in the short 

term interest is maintained for something like six years; though only the initial period 

changes are “reasonably” statistically different from zero.7 After a tiny increase in 

total loans, they fall consistently for five years. Total deposits fall immediately, doing 

so for two years, but raise continually over that period from their initial fall. These 

impacts can be linked through interest rates and GDP, possibly also via the real rate of 

interest; thereby providing some support for the money view of the MTM. For 

example, the increase in the money rate of interest, which for given inflation rate 

clearly raises the minimum return on capital investment that must be used to evaluate 

expenditure on plant and machinery. In fact, the real rate increases for a period of four 

years, though its increases decline exponentially from the first period. It could then be 

suggested that those increases had a negative impact on the propensity to invest in 

capital equipment.  

The consequence, other things being equal, would be a decline in GDP; which 

latter we see from Figure 1. In an economy, such as that of Pakistan, which in the 

majority of the years of our sample did not possess an advanced Stock Market, the 

concomitant of which we would conjecture would be a fall in the demand for loans 

from the Banking Sector. Such a fall would also be partly occasioned by that sector 

being more cautious of the increased moral hazard then attaching to any investment 

plans of potential borrowers. Deposits begin to recover quickly, whilst loans to not 

cease falling until five years later. That is when, others things being given, recovery in 

GDP begins. We notice that much of the discrepancy between deposits and loans is 

                                                 
7 In almost every set of impulse responses in the literature the standard errors of 

impulse responses tend to be large. Those for the immediate periods tend to be lower 

than others; and some, as here, do indicate that the impulses are significantly different 

from zero.  
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taken up by increased holdings by the Banking Sector of Federal Government 

Securities. For the initial periods the standard error range is “smallish” for some of the 

cumulative responses in Figure 2. The graphs therein confirm in pictorial form some 

of the preceding observations.  

 Those observations illustrate the difficulties of extricating any definite MTM, 

within an aggregate framework, where banks are not differentiated by bank type, 

loans are not differentiated by sectors (industrial, agricultural, services,…) and by 

type (private, government,…), and where feasible alternative means of finance for 

business concerns are not included (government agencies such as development funds, 

stock markets,…). Thus the availability of stock market data over our period would 

have helped to confirm or otherwise the bank lending channel to which Model 1(a) 

partly points; and thereby to see if the interest rate or money channel was also in 

evidence. Incorporation in the VAR of the distribution of loans by sector might 

further aid understanding of those two main channels. That is a dimension that we can 

investigate in part in Model 1(b) later.  

 We turn now to the variance decompositions produced by the VAR of Model 

1(a). These are detailed in Table 1.   
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Table 1: Model 1(a): Table of Variance Decompositions: One standard deviation 
Innovation to the variable in the top row, impact on the variable in the left hand 
column 
 
 Sixmtbr TLoans Fgs TDeps Cpi GDP 

After 1 period 
Sixmtbr 100.00 0.0000 0.000 0.000 0.000 0.000
TLoans 0.017 99.835 0.000 0.000 0.000 0.000
Fgs 0.090 0.584 93.326 0.000 0.000 0.000
TDeps 3.773 1.182 1.626 93.418 0.000 0.000
Cpi 11.096 0.928 0.840 0.435 86.703 0.000
GDP 0.0136 4.772 0.323 0.237 4.146 90.512

After 2 periods 
Sixmtbr 97.653 0.002 0.014 1.832 0.099 0.399
Tloans 1.919 93.057 1.061 3.849 0.007 0.107
Fgs 0.049 1.749 97.619 0.525 0.000 0.058
Tdeps 3.226 0.840 3.463 92.230 0.148 0.093
Cpi 7.177 0.459 0.399 5.056 86.415 0.494
GDP 3.115 10.656 0.325 0.151 3.155 82.599

After 5 periods 
Sixmtbr 84.151 0.011 0.983 11.807 0.451 2.597
Tloans 9.921 64.369 10.072 15.281 0.162 0.168
Fgs 0.069 5.825 92.157 1.654 0.047 0.248
Tdeps 2.621 5.125 7.689 82.181 1.578 0.807
Cpi 2.564 2.680 2.533 15.848 74.132 2.244
GDP 20.201 19.143 4.601 0.119 1.477 54.188

After 10 periods 
Sixmtbr 69.797 0.334 6.212 18.905 0.460 4.292
Tloans 10.732 49.827 20.932 15.649 2.445 0.415
Fgs 0.684 9.400 87.477 1.527 0.510 0.402
Tdeps 8.130 9.754 7.593 68.574 4.448 1.501
Cpi 1.088 7.984 8.753 18.721 59.814 3.639
GDP 32.882 16.941 12.752 0.300 4.680 32.445

After 30 periods 
Sixmtbr 59.273 1.239 10.271 18.172 6.850 4.195
Tloans 9.333 41.697 20.270 15.186 12.142 1.372
Fgs 1.120 9.639 79.654 2.584 6.367 0.636
Tdeps 10.020 10.157 9.524 58.075 10.457 1.768
Cpi 0.567 13.381 21.084 15.744 43.492 5.731
GDP 20.031 13.018 13.437 9.213 25.135 19.166
 
 
The key facts that we can extract from the variance decompositions concern these 

contributions: (i) of the variation the Treasury Bill rate to variations in total loans and 

to total deposits; (ii) of the variation in total deposits in the variance of total loans and 

vice-versa; and, (iii) of the variation in GDP attributable, to the interest rate, total 

deposits and total loans. We take these seriatim. For (i): the interest rise contribution 
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to the variance of total loans increases significantly up to period 10, and then 

gradually falls to the figure of just over 9% given in Table 1 after 30 periods. Its 

influence on total deposits is greater in the immediate aftermath of the innovation to 

the interest rate, but falls below its effect on total loans after 5 periods remaining 

below it until some time after 10 periods have elapsed. In regard to (ii), the variance 

of total loans is influenced consistently throughout by that of total deposits, settling at 

around 15% after 5 periods; total deposits themselves are only marginal affected by 

the variation in total loans until approximately 10 periods have elapsed, and their 

contribution always outstrips that of total loans on their volatility; and, (iii) the 

contribution of variation in total deposits to GDP is very small until about 30 periods 

have elapsed; whilst the contribution from the interest rate and from total loans 

increases after the period 1 (when it was still greater for total loans than it was for 

total deposits), rising substantially for both the interest rate and total loans. The 

negative impact on total loans of the interest rate increase working through to GDP 

resulted in the fall that we have seen from the impulse responses in Figures 1 and 2. 

All the preceding observations clearly confirm the banking channel.   

Such considerations lead us on naturally to attempts to identify long-run 

cointegrating relationships between the variables in the VAR. Obvious ones in the 

current context are the long-run influences on the banking sector’s two main financial 

claims, loans and deposits. Those on the latter could be regarded as identifying a 

major component of the long-run demand for money. In Table 2 we report identified 

cointegrating vectors, which are graphed in Figure 3.8 We note that the notation for 

                                                 
8 We note that the findings of tests for Unit roots: ADF t-stats. and prob.[.]: C Vector 

1, no intercept and no trend, -3.5818 [0.0005]; C Vector 2, with statistically 

significant intercept and trend, -4.0419 [0.011].  
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the coefficient is: ji,α  is the adjustment coefficient in the VEC equation i with respect 

to the error correction term from cointegration vector j; and ji ,β  is the coefficient on 

the jth variable in cointegration vector i.   It will be noticed that the vectors contain a 

trend. Both Models 3 and 4 of Johansen (1995(b)) were tested for the presence of 

cointegrating vectors: both indicated that the rank of the matrix was 2. estimated. So 

his Likelihood Ratio test (for a given rank) for the presence of a trend versus (the 

restricted model of) no trend was employed, the outcome was 718.9)2(2 =χ , which 

exceeds the 5% critical value.9  

The first cointegrating vector is normalised on total deposits, and perhaps 

could be regarded as a long-run demand for (or supply of, in terms of the banking 

sector’s portfolio) deposits. Converting it into an equation indicates that in the long-

run that the relationships the short-term interest rate and output impact positively 

upon total deposits. The trend effect is also positive.  However, we observe that in this 

vector only the six month Treasury Bill rate and the trend have statistically significant 

links with total deposits. Effectively, we have a long-run relationship between the six 

month rate and banking sector deposits.  

 

 

 

 

 

                                                 
9 The LR ratio is: )]1ln()1[ln( ,1,1 imim

r

i
N −=

−−−− ∑ λλ . Here: N=number of 

observations; r is the rank of the matrix under the assumption that there is a trend; m 

is Model 4, so that m-1 stands for Model 3; and the sλ  are the eigenvalues for each 

cointegrating rank up to r.   
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Table 2: Identified Cointegration Equations in Model 1(a)10  

Cointegration Restrictions:  
 β (1,2)=0, β (1,3)=0, β (1,4)=1, β (1,5)=0, 
 β (2,1)=0, β  (2,2)=1, β (2,3)=0, 
 α (1,2)=0, α (3,1)=0, α (3,2)=0, α (4,2)=0,α  (5,1)=0 
Convergence achieved after 41 iterations. 
Restrictions identify all cointegrating vectors 
LR test for binding restrictions (rank = 2):  

)8(2χ   3.233609   
Probability  0.918853   
Cointegrating Eq:  CointEq1 CointEq2  
Sixmtbr(-1) -0.027648  0.000000  

  (0.00534)   
 [-5.18136]   
    

TLoans(-1)  0.000000  1.000000  
    

Fgs(-1)  0.000000  0.000000  
    

TDeps(-1)  1.000000 -1.220323  
   (0.16213)  
  [-7.52661]  
    

Cpi(-1)  0.000000 -0.009742  
   (0.00218)  
  [-4.45891]  
    

GDP(-1) -0.001719 -0.013910  
  (0.00189)  (0.00281)  
 [-0.91215] [-4.94772]  
    

Trend -0.062101  0.095475  
  (0.00999)  (0.02178)  
 [-6.21718] [ 4.38387]  
    

Intercept -8.498663  2.673955  
*( )=standard errors; [ ] = t-stats 

                                                 
10 As stated above, all degrees of freedom for the 2χ values are based those provided 

in Johansen (1995(b)). For the current system where the restrictions on the beta 

vectors are different and where rank r is required to identify each of the vectors, the 

number of degrees of freedom equals the sum of the differences between the number 

of restrictions in each equation and r.  For r = 2 above, this yields 1. Effectively, the 

number of degrees of freedom equals the sum of the restrictions less r-squared  
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 The second long-run relationship is between total bank loans, total deposits, 

the price level, aggregate output. All associations are positive. This is what would be 

anticipated in regard to deposits and output: since a large proportion of deposits are 

“loans created”, and loans as well as deposits made by all economic agents would be 

expected to increase in an expanding economy, and one where the price level was 

increasing. All coefficients in this equation are statistically significantly different 

from zero. The influence of government securities is zero in the long-run: so that total 

loans are not affected by the level of these relatively riskless assets in the long-term. 

Indeed, if anything, we would anticipate the opposite effect: the level of those 

securities would be determined, other things being equal, by the loans offered by the 

banks, and so their exposure to risk.  

 
Figure 3: Cointegrating relationships in Model 1(a) 
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4.2.2: Model 1(b) 
 
The VAR estimates are given in Table II.2 of Appendix II. Further diagnostics 

statistics for these estimates are also located there. We see that in this slightly 

expanded framework most of the relationships remain. In particular, as the short term 

interest rate increases both categories of loans of fall, and total deposits and aggregate 

output increase. The overall results are similar; around 50% of the intercepts and 

trends are statistically significant; though only about 38% of the beta parameters are.  

 The system is mathematically stable. The residuals have all the required 

characteristics: where they are normally distributed (for the TLps and Fgs equations) 

they suffer from excess kurtosis. There in neither auto-correlation nor 

heteroskedasticity. We observe additionally, that the correlation matrix of the 

residuals in the VAR indicates that we would expect identical impulse responses from 

the Cholesky decomposition and the Generalised responses of Pesaran and Shin 

(1998): that was the case.  
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The resultant, key, impulse responses are graphed in Figure 4.  

 
Figure 4: Impulse responses to 1 standard deviation innovation to Sixmtbr: 
Model 1(b) 
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As might be anticipated, the cyclical patterns of the responses are similar, indeed 

virtually identical, over the first 10-12 periods following the innovation to the short 

term interest rate. The conclusions that follow for the monetary transmission 

mechanism accordingly match those for Model 1(a). However, we see that some 

further information on the speed and size of the impact of the interest rate changes 

with respect to the price level and output is gained from the disaggregation of total 

bank loans. Whilst the change in total loans in Model 1(a) occurs after 10 periods, 

Model 1(b) indicates that the loans granted to the public sector increase after 8 

periods, whilst those granted to the private sector do not so until period 12: so 
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suggesting that the upturn in loans is due to the lending to the public sector. We 

further note that the change in total loans remains positive after 30 periods (15 years): 

which is not the case for Model 1(a). As a consequence we observe that output 

changes become positive after 16 periods, whilst in Model 1(a) changes in output 

remain negative until at least 30 periods, beginning a period of near stagnation after 

period 20. The early return to “normality” of loans to the public sector, has created a 

subsequent multiplier effect on output: and it is possible that the moral hazard to the 

banking sector of loans to the public sector encouraged the recovery in those loans, 

against the riskier private sector loans. The initial time path of the response of Cpi 

matches that of Model 1(a), but thereafter the price level continues to fall by a low, 

constant, amount; even when output ceases to fall.  

 The cumulated impulse responses are graphed in Figure 5.   
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Figure 5: Cumulated response over 30 periods: Model 1(b) 
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The responses are similar to those in Figure 2, for Model 1(a). The differences 

primarily affect the loans’ responses.  

Figure 6: Impulses for All Loans 
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Figure 6 graphs the responses for the total loans of Model 1(a) and the sum of the 

impulses for the two categories of loans from Model 1(b). Separating the loans 

amplifies both the downturn and the upturn in the changes to the aggregate of loans in 

the banking sector’s portfolio consequent upon a disturbance to the Treasury Bill rate. 

Those two phases do virtually coincide. Making allowance for the two groups of loans 

strengthens the case for the bank lending channel, with total loans being reduced 

immediately upon the increase in the interest rate.  

 In Figure 7, we portray the impulse responses of the sum of loans in Model 

1(b) and the responses of the two categories of loans. We observe that it is total loans 

to the public sector that are reduced immediately the interest rate rises; loans to the 

“private” sector only fall after two periods. The reductions in loan provision to the 

public sector are deeper than they are to the private sector for about nine periods: 

thereafter, loans to the public sector recover faster than do those to the private sector.  

 

Figure 7: Total and Separate Loans, Model 1(b) 
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The impacts of the interest rate rise on all other variables are identical to those from 

Model 1(a).  

Table 3: Variance Decompositions: Model 1(b) 
 
 Sixmtbr TLps TLnps Fgs TDeps Cpi GDP 
 After 1 period 
Sixmtbr 100.000 0.000 0.000 0.000 0.000 0.000 0.000
Tlps 0.551 99.449 0.000 0.000 0.000 0.000 0.000
Tlnps 1.631 23.731 74.638 0.000 0.000 0.000 0.000
Fgs 0.135 0.195 1.412 98.259 0.000 0.000 0.000
Tdeps 4.494 1.245 2.773 2.410 89.078 0.000 0.000
Cpi 10.151 1.999 2.739 0.405 0.003 84.702 0.000
GDP 0.002 0.269 3.398 0.417 0.105 5.125 90.686
 After 2 periods 
Sixmtbr 97.323 0.473 0.104 0.050 1.591 0.092 0.367
Tlps 1.268 97.374 0.117 0.082 1.148 0.004 0.006
Tlnps 1.330 21.447 74.454 0.353 1.989 0.073 0.355
Fgs 0.074 0.109 3.131 96.080 0.545 0.001 0.060
Tdeps 3.888 3.142 1.873 4.708 86.043 0.190 0.155
Cpi 6.175 6.238 2.127 0.364 2.499 82.240 0.358
GDP 2.632 1.135 7.861 0.326 0.056 4.046 83.942
 After 5 periods 
Sixmtbr 81.860 4.091 0.538 1.686 9.139 0.388 2.298
Tlps 3.026 87.921 0.215 1.345 7.052 0.222 0.219
Tlnps 4.935 16.776 63.048 4.699 9.229 0.126 1.186
Fgs 0.064 0.117 6.853 90.959 1.792 0.049 0.166
Tdeps 2.872 8.448 2.379 10.104 73.216 1.830 1.150
Cpi 1.893 18.922 0.813 4.525 7.862 64.576 1.408
GDP 18.447 7.793 11.503 3.431 0.561 1.881 56.384
 After 10 periods 
Sixmtbr 66.760 7.140 0.532 8.254 13.123 0.387 3.804
Tlps 3.123 79.597 0.857 3.500 9.953 1.751 1.219
Tlnps 6.853 14.372 54.261 11.872 10.741 0.778 1.123
Fgs 0.532 0.296 9.532 87.089 1.788 0.586 0.178
Tdeps 6.994 10.530 4.882 10.332 60.552 4.770 1.941
Cpi 0.726 28.071 0.626 13.083 7.225 48.169 2.100
GDP 28.038 18.836 7.392 8.126 1.014 4.146 32.448
 After 30 periods 
Sixmtbr 56.254 9.359 0.859 12.369 11.749 5.709 3.701
Tlps 4.792 71.022 1.583 5.669 9.173 5.905 1.856
Tlnps 6.243 15.398 47.352 13.331 9.740 6.534 1.401
Fgs 1.123 3.150 9.380 78.203 1.794 6.048 0.302
Tdeps 8.489 12.183 4.649 12.341 51.056 9.416 1.866
Cpi 0.298 28.293 1.727 27.647 4.104 34.552 3.378
GDP 14.991 27.284 3.863 12.704 1.950 22.075 17.132
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The picture provided by Table 3 is naturally very similar to that provided by Table 1 

for Model 1(a). The differences, of course, reflect the differences noted concerning 

the impact of innovations to the short term interest rate on: GDP, total loans and on 

itself. If we aggregate loans in Model 1(b) we find that the variance of total loans 

contributed by the change in the interest rate has increased up to period 10 compared 

with the outcome in Model 1(a). The contribution of the variation in the interest rate 

to the variance of GDP is lower in general in Model 1(b) than it is in the aggregated 

model. That is because its greater impact on loans is more than counterbalanced by 

the reduced impact of loans’ volatility on GDP in the disaggregated model.  

We now consider the cointegration vectors that have been identified from this 

model. Again we find that a trend should be included in the cointegrating vectors, 

since the LR test gives: 427.10)2(2 =χ , which exceeds the 5% significance level. The 

cointegrating vectors are given in Table 4. All the restrictions are satisfied and they 

also are sufficient to identify the vectors.  

Here, we have normalised on the two types of bank loans, rather on one type 

or the other and deposits, with the same kind of objectives in mind as with the 

previous models. The ideal situation would have been one where three cointegration 

relationships where found: it might then have been possible to identify long-run 

relationships for deposits and the two types of loans. Consider the first relationship: 

“private sector” loans are positively related to total deposits and to GDP, and 

negatively associated with the rate of interest and the price level. That would seem to 

be a rational outcome: whether it represents the banking sector’s behaviour or that of 

the non-banking sector or a combination of both.  
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Table 4: Identified Cointegration Equations in Model 1(b)11  

 

Cointegration Restrictions:  
β (1,2)=0, β (1,3)=1, β (1,4)=0, β (2,1)=0, β (2,2)=1, 
β (2,3)=0, β (2,6)=0, β (2,5)=0,α (1,2)=0,α (2,1)=0, 
α (2,2)=0, α (3,2)=0,α (4,1)=0,α (4,2)=0,α (5,2)=0 
Convergence achieved after 59 iterations. 
Restrictions identify all cointegrating vectors 
LR test for binding restrictions (rank = 2): 

)11(2χ   12.53805  
Probability  0.324587  

Cointegrating Eq:*  CointEq1 CointEq2 
Sixmtbr(-1)  0.022822  0.000000 
  (0.00673)  
 [ 3.39247]  
   
TLps (-1)  0.000000  1.000000 
   
Tlnps (-1)  1.000000  0.000000 
   
Fgs(-1)  0.000000 -0.625216 
   (0.19762) 
  [-3.16380] 
   
TDeps (-1) -1.531221  0.000000 
  (0.19925)  
 [-7.68488]  
   
Cpi(-1) -0.007453  0.000000 
  (0.00327)  
 [-2.83436]  
   
GDP(-1) -0.010217 -0.014697 
  (0.00342)  (0.00669) 
 [-2.98798] [-2.19739] 
   
Trend  0.102085  0.020075 
  (0.02734)  (0.03644) 
 [ 3.73368] [ 0.5509] 
   
Intercept  5.06617 -0.87886 

 
*( )=standard errors; [ ] = t-stats 

                                                 
11 To the degrees of freedom for the 2χ values given in Footnote 10, we add to these 

the number of the restrictions on the alphas.  
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From the second relationship, public sector loans, we note: the positive link 

with GDP and also with government securities, there being no identifiable link to total 

deposits in the long run. So, those loans increase with increased economic activity, 

when higher loans are demanded by the business and other non-personal sector 

borrowers, and as one of the major “less risky” assets in the banking sector’s portfolio 

increases. For that the holding of government securities will act as an insurance 

against the assumption of the riskier loans. Again, here we have long-run associations 

between monetary conditions, banking sector balance sheets and the macroeconomy.  

The cointegrating vectors are graphed in Figure 8.12  
 

Figure 8: Cointegrating relationships in Model 2 
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5. Innovations in the monetary policy indicator variables in the models and 

innovations to exogenous monetary policy instruments 

                                                 
12 Unit Root tests: CV1, ADF (neither intercept nor Trend), -4.77 [0.000], CV2, ADF 

(intercept and Trend), -3.167 [0.098], KPS (intercept and Trend), LM-stat, 0.0725 < 

10% level [when < 5% level is usually taken as the level at which I(0) can be taken to 

be the correct order of integration].  
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In the above it was assumed that the innovations in the monetary policy indicators are 

the consequence of actions taken by the central bank (SBP) to ease or strengthen 

monetary conditions in the financial markets, in the light of its objectives for the 

macroeconomy. As we noted in our preamble, it has been argued strongly by, for 

example, Rudebusch (1998), that unless this is the case, the VARs provide no 

information about the monetary transmission mechanisms. The implication is that 

changes to monetary policy instruments should be able to account for some if not all 

of the innovations to the monetary indicators (Sims (1998) was not that sympathetic 

to that viewpoint: nor , it might be added, to other criticisms of the VAR methodology 

which he had invented almost 20 years earlier). However, it seems that the point made 

by Rudebusch has substance and is crucial to the claims that any given monetary 

transmission mechanism is present in an economy. Others have agreed and, for 

example, Ford et al (2003) adopted this in their study of MTMs for Japan. We have 

done so in the following.  

 In order to do so it is plainly necessary to consider the monetary instruments 

employed by the central bank for controlling the volume and cost of finance in the 

banking system. For Pakistan it seems from information gathered from the SBP that 

over the years, despite changes to the structure and constitution of the banking sector, 

open market operations and changes in its discount rate have been used to alter the 

quantity and cost of funds (see also, Janjua (2005)).  

 Generally we could surmise the central bank has some expectation of the level 

of its basic interest rate, the discount rate, that it must set in order to keep interest 

rates at a level that will generate its target level of GDP and maybe of the price 

level/inflation. Any observed divergence between that expected level and the actual 

level that it sets in current market conditions at any point, will trigger an increase or 
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decrease in the discount rate. However, we have no information from the SBP what 

that expectation might have been at each point in time. One possible way of deriving 

the expectation is to estimate it using the Kalman Filter (see Appendix III). That is 

what we have done. From the consequent expected discount rate we have calculated 

the discrepancy between the actual discount rate and that expectation: to obtain, as it 

were, an “unanticipated change” in that rate. That represents the innovation to the 

rate; and it is this which is used to explain, or to track, the innovations to the monetary 

indicator variables.  

Similarly, we can imagine that the bank has some expectation of what the 

money supply will be given the monetary base (MB) that it has set; and, therefore, 

some expectation of the short term rate of interest, such as the six month Treasury Bill 

rate. If there is some discrepancy between its expectation of the monetary base and its 

actual value, generated of course by its own activities or alteration in the foreign 

currency reserves, the central bank will seek to reduce or expand the base as 

necessary. Our estimate of the central bank’s expected level of the MB is also derived 

from application of the Kalman filter (see Appendix III). For Model 1(a) the three sets 

of innovations are graphed in Figure III.1, Appendix III; and the OLS estimates for 

the innovations to the Sixmtbr are detailed in Table III.3. The matching figures and 

tables for Model 1(b) can be found in Figure III.2 and Table III.4 in Appendix III. 

In sum: the innovations in the indicator variables can be explained to a 

substantial degree by innovations to the policy instruments. The latter innovations 

have significant impacts on the indicator innovations. So there is support from our 

findings on the MTMs from our various VARs and VECs.  
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6. Summary and the predictive properties of the long-run relationships 
 
The overall conclusion must be that the bank lending, and not just the interest rate 

channel, has been operating in Pakistan over the past forty years or so. Over those 

years the banking and financial system has changed, largely due to nationalisation and 

then privatisation of the system: which latter is on-going. However, monetary 

objectives and instruments of the central bank appear not to have altered that much, if 

at all, over time. Of course, in very recent years a stock market has emerged in the 

financial system: but that is relatively small and as still very much underdeveloped. Its 

omission from our enquiry was necessary due our utilisation of a long time span of 

data; and the endeavour to identify long-run relationships between monetary policy 

indicators, the banking sector and the macroeconomy. Since we have identified the 

bank lending channel as operating in Pakistan, it is probable that the addition of stock 

market data, would serve to accentuate that finding.  

 That in part is due to the fact that we have seen that separating out loans 

granted by the banking system to their two broad categories of borrowers, conveys 

more support for the bank lending channel. Both our VARs/VECs enabled long-run 

relationships to be identified between the indicator of monetary policy, the main 

financial claims in the banking sector’s portfolios and the macroeconomy in the guise 

of the (log of the) price level and the (log of) GDP.  

 We have used data up to 2008s2 to compare the predictions of the 

cointegrating vectors with the actual data. If the vectors that we have discovered are 

to be informative they would need to predict values for their “dependent” variables 

that did not diverge too far from their actual values, and possibly to cycle round them. 

So that, for example, for Model 1(a) we have the series of long-run Total Deposits 

given by the first vector and this is used to forecast their long-run values across the 
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extended data set (1964s1 to 2008s2) against their actual figures. The resultant graphs 

are provided in Figures 9 and 10, for Models 1(a) and 1(b), respectively. Whilst it 

would be possible to claim too much for these relationships, they can perhaps be 

regarded as lending weight to the value of the cointegration vectors, their implied 

transmission mechanisms and their information content without and not just within 

the estimation period, for those who monitor and make monetary policy in Pakistan.  

 
Figure 9: Model 1(a): Deposits and Loans, actual values and values predicted by 
their cointegration vectors 
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Figure 10: Model 1(b):The two categories of  Loans, actual values and values 
predicted by their cointegration vectors 
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Appendix I: Basic Data  
 
Figure I.1: Sixmtbr, M, Discrate and MB 
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Figure I.2: TLoans, TLps, TLnps and TDeps 
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Figure I.3: Fgs, Cpi and GDP 
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Appendix II: The VAR estimates and diagnostic statistics for the 2 models 
 
Table II.1: Model 1(a), standard error below the coefficients: t-stats in [.] 
 

 Sixmtbr TLoans Fgs TDeps Cpi GDP 
Sixmtbr(-1) 0.777 -0.005 0.000 0.002 -0.050 -0.255
 0.063 0.002 0.006 0.002 0.038 0.070
 [ 12.381] [-2.474] [ 0.069] [ 0.727] [-1.316] [-3.624]
    
TLoans(-1) -1.136 0.716 -0.344 -0.120 -3.438 8.058
 2.524 0.075 0.229 0.084 1.522 2.828
 [-0.450] [ 9.481] [-1.500] [-1.427] [-2.258] [ 2.849]
    
FGS(-1) -0.008 0.034 0.903 0.035 0.528 1.185
 0.742 0.022 0.067 0.025 0.448 0.832
 [-0.011] [ 1.520] [ 13.405] [ 1.407] [ 1.179] [ 1.425]
    
TDeps(-1) 5.365 0.236 0.284 0.781 4.830 0.770
 2.306 0.069 0.209 0.077 1.391 2.584
 [ 2.326] [ 3.429] [ 1.358] [ 10.121] [ 3.473] [ 0.298]
    
Cpi(-1) 0.041 0.000 -0.001 -0.002 1.041 -0.077
 0.028 0.001 0.003 0.001 0.017 0.032
 [ 1.435] [ 0.091] [-0.440] [-2.571] [ 61.128] [-2.431]
    
GDP(-1) 0.075 0.001 0.003 -0.001 0.058 0.853
 0.041 0.001 0.004 0.001 0.025 0.046
 [ 1.814] [ 0.959] [ 0.751] [-0.884] [ 2.336] [ 18.432]
    
Intercept -36.255 0.187 1.042 2.738 -17.152 -73.123
 21.101 0.631 1.916 0.706 12.727 23.645
 [-1.718] [ 0.296] [ 0.544] [ 3.879] [-1.348] [-3.093]
    
T -0.751 -0.005 -0.002 0.032 -0.459 0.161
 0.274 0.008 0.025 0.009 0.165 0.307
 [-2.747] [-0.658] [-0.092] [ 3.451] [-2.782] [ 0.526]
    

2R  0.797 0.999 0.994 0.999 0.999 1.000
2R  0.778 0.999 0.994 0.999 0.999 1.000

S.E. equation 1.517 0.045 0.138 0.051 0.915 1.700
 Log likelihood -146.319 141.463 50.412 132.281 -104.862 -155.653
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Model 1(a): Diagnostic statistics 

(1) Lag length: 4 criteria indicate 1 lag; LR indicates 2 lags. Lag 2 is mathematically 

stable but produces inferior residuals’ statistics than lag 1.   

(2) Roots of the companion matrix:  
 
 
 

     Root Modulus 
 0.968057  0.968057 
 0.946150  0.946150 
 0.815947 - 0.180806i  0.835740 
 0.815947 + 0.180806i  0.835740 
 0.816420  0.816420 
 0.707126  0.707126 

 
 
(3) Residuals:  
 

Equation Normal distribution test 
 J-B statistic Kurtosis 
Sixmtbr 2.53 [0.281] 2.32 [0.21] 
TLoans 2.23 [0.330] 2.23 [0.15] 
Fgs 193.06 [0.00] 0.45 [0.00] 
TDeps 11.61 [0.003] 4.28 [0.02] 
Cpi 0.05 [0.975] 3.07 [0.90] 
GDP 0.97 [0.615] 2.49 [0.34] 
   
Vector 210.5 [0.000]  
  
 Vector tests 
  
 AR(4) Hetero. 
LM ( )36(2χ ) 35.61 [0.487]  
F(294,497)  1.095 [0.189] 

)294(χ   338.41 [0.038] 
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Table II.2: Model 1(b): VAR estimates 
 

 Sixmtbr TLps TLnps FGS Tdeps Cpi GDP 
Sixmtbr(-1) 0.763 -0.003 -0.004 0.002 0.001 -0.064 -0.253
 0.065 0.008 0.003 0.006 0.002 0.038 0.072
 [ 11.819 [-0.352] [-1.306] [ 0.270] [ 0.493] [-1.671] [-3.514]
    
TLps(-1) -0.570 0.776 0.018 -0.023 -0.036 -1.004 1.778
 0.592 0.073 0.025 0.054 0.020 0.352 0.661
 [-0.963] [ 10.652] [ 0.725] [-0.423] [-1.809] [-2.850] [ 2.689]
    
TLnps(-1) -0.503 0.198 0.570 -0.302 -0.039 -1.495 5.632
 2.554 0.314 0.107 0.234 0.086 1.520 2.852
 [-0.197] [ 0.631] [ 5.336] [-1.291] [-0.460] [-0.984] [ 1.975]
    
FGS(-1) 0.112 0.011 0.022 0.889 0.039 0.643 1.152
 0.754 0.093 0.032 0.069 0.025 0.448 0.842
 [ 0.150] [ 0.116] [ 0.7023] [ 12.886] [ 1.540] [ 1.434] [ 1.368]
    
TDeps(-1) 5.611 0.389 0.224 0.265 0.762 4.595 1.326
 2.431 0.299 0.102 0.223 0.081 1.447 2.715
 [ 2.308] [ 1.302] [ 2.204] [ 1.191] [ 9.359] [ 3.176] [ 0.488]
    
Cpi(-1) 0.041 -0.003 0.001 -0.001 -0.003 1.037 -0.072
 0.030 0.004 0.001 0.003 0.001 0.018 0.033
 [ 1.380] [-0.740] [ 0.933] [-0.380] [-2.669] [ 58.399] [-2.168]
    
GDP(-1) 0.075 -0.002 0.003 0.003 -0.002 0.051 0.855
 0.043 0.005 0.002 0.004 0.001 0.026 0.048
 [ 1.752] [-0.406] [ 1.539] [ 0.683] [-1.102] [ 1.998] [ 17.860]
    
Intercept -40.687 -3.558 1.380 1.036 2.429 -25.648 -67.977
 21.227 2.611 0.888 1.944 0.711 12.631 23.704
 [-1.917] [-1.363] [ 1.555] [ 0.533] [ 3.416] [-2.031] [-2.868]
    
T -0.785 -0.011 -0.004 -0.001 0.032 -0.474 0.149
 0.278 0.034 0.012 0.025 0.009 0.165 0.310
 [-2.823] [-0.331] [-0.376] [-0.023] [ 3.401] [-2.865] [ 0.481]
    

2R  0.796 0.989 0.999 0.994 0.999 0.999 1.000
2R  0.773 0.988 0.999 0.994 0.999 0.999 1.000

 S.E. equation 1.523 0.187 0.064 0.139 0.051 0.906 1.701
Log likelihood -144.237 25.516 112.896 49.390 130.873 -102.189 -153.178
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Model 1(b): Diagnostic statistics 
 
(1) Lag length: 1 lag or 2 lags 1 are each indicated by 2 criteria; the fifth criteria 

(AIC) indicates lag 7. Only lag 1 is mathematically stable.  

(2) Roots of the companion matrix: 
 
 

     Root Modulus 
 0.981934  0.981934 
 0.933602  0.933602 
 0.827557 - 0.139892i  0.839298 
 0.827557 + 0.139892i  0.839298 
 0.787498 - 0.138035i  0.799504 
 0.787498 + 0.138035i  0.799504 
 0.506148  0.506148 

 
 
 
(3) Residuals:  
 

Equation Normal distribution test 
 J-B statistic Kurtosis 
Sixmtbr 2.45 [0.29] 2.32 [0.21] 
TLps 6.91 [0.03] 4.23 [0.02] 
TLnps 0.57 [0.75] 2.64 [0.51] 
Fgs 154.91 [0.00] 8.72 [0.00] 
TDeps 6.27 [0.04] 3.74 [0.18] 
Cpi 0.35 [0.84] 3.01 [0.98] 
GDP 0.94 [0.62] 2.80 [0.72] 
   
Vector 172.4  [0.000]  
  
 Vector tests 
  
 AR(4) Hetero. 
LM ( )49(2χ ) 59.11 [0.153]  
F(448,446)  0.92 [0.80] 

)448(χ   472.25 [0.207] 
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Appendix III: Kalman Filter results, monetary indicator innovations and 
Monetary policy innovations 
 
Table III.1:  For the Discount Rate 
 
 
 

Convergence achieved after 5 iterations 
 Coefficient Std. Error z-Statistic Prob.   

C(1) -12.29639 1.340626 -9.172125 0.0000 
C(3) 2.058809 0.377889 5.448184 0.0000 
C(6) 9.937621 3.719876 2.671493 0.0076 
  

 Final State Root MSE z-Statistic Prob.   
SV1 27.57328 2.799398 9.849715 0.0000 
SV2 199.3043 8.798709 22.65154 0.0000 
Log likelihood -176.8710      Akaike info criterion 4.334240 
   

State Space System 
signal equation, discrate=0.5*sv1+0.05*sv2+c(1) 
 
state variable, sv1=c(3)*MB+[var=exp(c(3))] 

 
state variable, sv2=c(6)*sv1(-1) +[var=exp(c(3))] 

 
 
 
 
Table III.2:  For the Monetary Base 
 
 

Convergence achieved after 1 iteration 
 Coefficient Std. Error z-Statistic Prob.   

C(3) -16.90918 0.002080 -8127.739 0.0000 
C(4) -0.000333 2.25E-06 -147.6319 0.0000 

  
 Final State Root MSE z-Statistic Prob.   

SV1 0.047200 0.000301 157.0274 0.0000 
SV2 -0.793679 0.003588 -221.2196 0.0000 

Log likelihood 88.06053      Akaike info criterion -2.073748 
   

State Space System 
signal equation, MB=sv1+c(3)*sv2 
 
state variable, sv1=sv1(-1)+c(4)*sv2(-1)+[var=exp(c(3))] 
 
state variable, sv2=c(3)*sv1(-1) 
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Figure III.1: Innovations to Sixmtbr, the Discount Rate and the Monetary Base: 
Model 1(a).  
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These variables are all stationary. The ADF unit root tests (no intercepts or trends) for 

the innovations yield (t-stats in (.) and probability in [.]): Sixmtbr, -8.401 [0.000]; 

MB, -137.96 [0.000]; and, Discount Rate, -2.173 [0.03].  

  The statistics in Table III.3 provide strong, and statistically significant, 

evidence in support of associations between the innovations to the short term interest 

rate in Model 1(a) and random changes to the two main instruments of monetary 

control.  
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Table III.3: The OLS estimates for the innovations to the Sixmtbr: Model 1(a) 
 
 
 

Variable Coefficient Std. Error t-Statistic Prob.   
Discrate Innovation(-1) 0.185725 0.096593 1.922764 0.0592 
Discrate Innovation(-8) -0.581090 0.156435 -3.714580 0.0004 
Discrate Innovation(-9) 0.590965 0.158952 3.717881 0.0004 
Discrate Innovation(-10) 0.598147 0.198359 3.015483 0.0037 
Discrate Innovation(-11) -0.500450 0.186222 -2.687382 0.0093 
Discrate Innovation(-12) -0.420422 0.188357 -2.232044 0.0293 
Discrate Innovation(-14) 0.187853 0.063257 2.969673 0.0043 
MB Innovation(-5) -6.993788 2.626848 -2.662425 0.0099 
  

2R  0.434095   Jarque-Bera: 1.736 [0.420] 
2R  0.369156 AR: LM(4), F-stat, 0.68 [0.61] 

S.E. of regression 1.194197  ARCH(4), F-stat, 0.861 [0.493] 
Log likelihood -105.9009  Hetero: F-stat, 0.834 [0.643] 
  

 
 
The matching figures and tables for Model 1(b) now follow.  
 
 
Figure III.2: Innovations to Sixmtbr: Model 1(b) 
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Table III.4: The OLS estimates for the innovations to the Sixmtbr: Model 1(b) 
 
 

Variable Coefficient Std. Error t-Statistic Prob.   
Discrate Innovation (-1) 0.194337 0.097362 1.996030 0.0504 
Discrate Innovation (-8) -0.585645 0.157680 -3.714126 0.0004 
Discrate Innovation (-9) 0.579730 0.160218 3.618390 0.0006 
Discrate Innovation (-10) 0.611912 0.199938 3.060510 0.0033 
Discrate Innovation (-11) -0.460212 0.187705 -2.451789 0.0171 
Discrate Innovation (-12) -0.398890 0.189857 -2.101004 0.0398 
Discrate Innovation (-14) 0.175784 0.063761 2.756925 0.0077 
MB Innovation (-5) -6.711733 2.647762 -2.534870 0.0138 
  

2R  0.415592 Jarque-Bera: 2.03 [0.363]       
2R  0.348529 AR: LM(4), F-stat., 0.975 [0.428] 

S.E. of regression 1.203704 ARCH (4): F-stat., 0.935 [0.45] 
Log likelihood -106.4481 Hetero: F-stat., 0.749 [0.732] 

 
 
 
 
 
 


