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Abstract 
Risk taking is described as an integral part of financial services. For mi-
cro-financing in particular, engaging in proactive risk taking is essential to 
their viability and long term sustainability. Maintaining a good strategy that 
ensures an optimal mix in risk-return trade-off is much more important for 
the microfinance banks (MFBs) that operate on a for-profit basis. Having 
faulted the value-at-risk technique which is common in the asset and liability 
literature, we introduce the multi-stage stochastic programming using econo-
metric time series model. Specifically, for the scenario generation, we specify 
a VaR model with the inclusion of dichotomy regime which captures the 
multi-stage characteristics of assets. We use the liability derived investment 
(LDI) model to generate the liability series over the period of study. The op-
timization result showed that MFBs in Nigeria are by far more risk averse 
than they are profit seeking. This comes with the attendant effect of not being 
able to achieve the outreach and sustainability objectives to the fullest. MFBs 
in Nigeria need to look into their investment strategy with a view to structur-
ing the mix and value of the balance sheet components at different periods to 
meet their stated objectives. 
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1. Introduction 

A crucial part of financial services and of micro-financing in particular is risk 
taking. Indeed, essential to the long-term sustainability and management of mi-
crofinance organizations (MFOs) is proactive risk taking. It is believed that for 
MFOs to take advantage of new opportunities and minimize threats to their fi-
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nancial sustainability, effective risk management must be carried out (Mago, 
Hofisi, & Mago, 2013; Fernado, 2007; Campion & Frankiewicz, 1999). Therefore, 
as they perform their role of financial intermediation in the economy, microfi-
nance organizations consciously take risks. Like all other financial institutions, 
microfinance organizations (MFOs) including microfinance banks (MFBs) face 
risks that they must manage efficiently and effectively for their survival and sus-
tainability (Mangold, 2016). These risks include: credit risk, interest rate risk, li-
quidity risk, and operational risk. Borrowers, lenders, donors and savers tend to 
loose confidence in the organization and funds begin to deplete when risks are 
poorly managed, and financial losses occur. Therefore, an MFB is not able to 
meet its social objective of providing financial services to the poor and quickly 
goes out of business when funds deplete (Ledgerwood, 1999; Dunford, 2000). 

As an interventionist programme aimed at achieving the goals of financial 
deepening at the grassroots sector of the economy, the activities of MFOs (in-
cluding MFBs) cannot be overlooked (Microfinance Newsletter, 2009). Broadly 
speaking, MFBs are saddled with responsibilities which can be summarized in 
two objectives; 1) increasing client outreach in terms of number of customers, 
loans and deposits 2) sustaining their organization through meager but sustain-
able profits, effective loan recovery, and loan screening. These two are further 
classified respectively as social and financial objectives. Achieving the two objec-
tives summarized as the social and financial objectives, involves risk taking, 
identification, measurement and control. The rewards of good performance and 
costs of poor performance are rising as MFBs play an increasingly important 
role in local financial economies and compete for customers and resources 
(Joachim, 2000). For any microfinance organization (MFO) or non-bank finan-
cial institution (NBFI) it is fundamental to have a properly designed risk man-
agement framework. This refers to any operative system designed to protect an 
organization from the occurrence of undesired events i.e. downside risks and to 
enable the organization take advantage of opportunities i.e. upside potential 
(Mack, 2015).  

Campion (2000) gave several reasons for MFBs to consider more sophisticated 
approaches to risk management. First, as a result of serving more customers and 
larger geographic areas, as well as offering a wider range of financial services and 
products many MFBs have grown rapidly. Second, MFBs increasingly rely on 
market-driven sources of funds, whether from outside investors or from local 
deposits and member savings to fuel their lending growth. They will have to 
maintain good financial performance and avoid unexpected losses in order to 
preserve their access to those funding sources. Third, issues of organizational 
structures and operating environments of MFBs can provide unique challenges 
to their performance. Due to their mission, they may be very decentralized or 
too centralized (both can be a risk), tend to be labor- and transaction-intensive, 
have concentration risk in certain regions or sectors (e.g., agriculture), and often 
operate in volatile and fragile financial markets. Finally, effective risk measure-
ment, management and control can be achieved through cost-effective and effi-
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cient operations which is essential to achieving financial viability for MFBs. 
Of all the risks faced by a MFB, financial risk has been identified as the most 

crucial as it relates directly with their core business which is credit administra-
tion and deposit taking. It is important that MFBs maximize their return and at 
the same time keep the downside risk low. The gain/return (upside potential) 
must increase to a point where further increases will result in a loss. This situa-
tion describes the point of optimality which the MFBs must always crave for if 
they are to remain in business. With regards to managing financial risk, the lite-
rature is replete with studies on financial institutions in general. Using case stu-
dies of countries with the aid of established financial and economic investor util-
ity and portfolio optimization theories like the von Neuman-Morgensten ex-
pected utility maximization, mean-variance approach, portfolio at risk, val-
ue-at-risk and expected shortfall, researchers have conducted studies on the asset 
and liability management activities of financial institutions in general and the 
corresponding weight and direction of financial risks they carry.  

The issue of asset and liability management in the money market i.e. deposit 
taking financial institutions in general is more dynamic. The components of the 
portfolio (assets and liabilities) are subjected to changes in terms of structure 
and amount from time to time and at different stages of transaction. Especially 
for MFOs (which include Microfinance Banks—MFBs), their balance sheet 
components are said to be even more dynamic than those of commercial banks 
(Greuning, Gallardo, & Randhawa, 1998). A particular MFB may have different 
results (whose variations are quite significant) for its portfolio at risk, value-at-risk 
measurement at different periods and stages within a particular time horizon 
because of the dynamic nature of the components of its balance sheet. A par-
ticular combination that is found optimal at a particular period may no more be 
optimal after a short period. In order to remain viable, optimality must be 
achieved and sustained over a long time horizon.  

More recently, the stochastic programming (SP) technique for measuring and 
managing risk for financial decisions has become very popular and very effec-
tive. Pioneer authors in stochastic programming method for bank asset and lia-
bility; Kusy & Ziemba (1986), argue that a bank must determine its optimal 
trade-off between risk, return and liquidity as a necessary requirement in the as-
set-liability management process. SP application cuts across the different areas 
of businesses in the financial markets like; pension fund, mutual fund, insurance 
investments, banking and financing institutions in general (Bajram & Can, 2013; 
Yang, 2009, Grebeck & Rachev, 2005). However, its application to microfinance 
institutions is very rare in the literature. 

Talking about risk evaluation for MFBs in Nigeria, some authors have at-
tempted to analyse the nature and dimension using conventional risk evaluation 
techniques. In the recent past, Ndibe, Igbokwe, Dauda, & Abdulazeez (2013) did 
a study on microfinance banks in Nigeria using the trend analysis. They con-
cluded that MFBs in Nigeria are downside risk averse at the same time not har-
nessing the upside opportunities that abound. Their position was guided by an-
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other study carried out earlier, by Joachim (2009), which concluded that there is 
the absence of prudential strategies of balance sheet management of MFBs in 
Nigeria. But what exactly should we be concerned about in the risk management 
strategies of deposit money banks example of which is the microfinance banks? 
or what method should we adopt in assessing their risk management strategies?. 
Fundamental bank management theory (Greenbaum and Thakor, 1998) defines 
risk management as a process of risk identification, measuring, monitoring and 
controlling. It thus follows that any meaningful technique or method for risk 
evaluation must consider the aforementioned. Therefore, a research in the 
analysis of the asset and liability management of MFBs will have issues in setting 
the appropriate objectives as well as employing appropriate methodology. Essen-
tially, it is part of this methodological gap that we intend to fill in this paper. In 
order to do this, we seek to provide answers to the following questions; is the 
risk-return trade-off in asset and liability management of MFBs optimal? To 
what extent do strategies adopted by MFBs favour more of down-side risk re-
duction or upside potential increase? The rest of this paper is divided into four 
sections starting from reviews, methodology, results and discussion, concluding 
comments. 

2. Reviews 

As established in the finance and economics literature, asset and liability man-
agement (ALM) is important for all institutions in order for them to match their 
assets with liabilities (Grebeck & Rachev, 2005). Both asset and liability involves 
returns that must be earned on one hand, and returns that must be paid on the 
other hand. Earning and paying these returns however, comes with different di-
mensions of risk (Grebeck & Rachev 2005; Tokat, Rachev, & Schwartz, 2003). 
Therefore at the heart of ALM is the risk-return concept. Firms need to design a 
clear-cut framework with realistic objectives for meeting their ALM needs. 

The position of the modern portfolio theory (i.e. mean-variance, VaR, Es) has 
been towards identification, measuring and managing the downside risk (i.e. risk 
of loss). According to the mean-variance approach (Markowitz, 1952, 1959), 
with its many variants like the standard and unstandard CAPM (Sharpe, 1964; 
Linter, 1965b), inter-temporal CAPM (Merton, 1973a), multifactor pricing 
model (Ross, 1976), etc., deviations (positive or negative) around the mean or 
what is called the expected value is summed up to give the variance and subse-
quently the standard deviation (SD). In this case, the emphasis is on the mean 
which is seen as the breakeven point. The calculated variance and standard de-
viation defines the level of risk the institution is carrying. This position is further 
refined in the CAPM and APT models where a linear equation is specified and a 
coefficient of β (beta) is assigned to risk. The argument of the modern portfolio 
theory is built on the assumption of normality where the distribution of events is 
expected to follow a normal curve. On this curve, the standard deviation and 
variance considers values to the left of the mean where it is observed that the 
higher the SD or variance, the greater the risk of loss to the firm.  
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The value-at-risk (VaR) and expected shortfall (Es) are also premised on the 
issue of loss. VaR defines a quantile i.e. in percentage, the maximum level of ac-
ceptable risk. This level is represented mathematically as (1 − α) * 100% percen-
tile. Usually, the α quantile is given as 5% which is the maximum the firm is ex-
pected to tolerate in its business activities. This simply means that the firm must 
have at least 95% confidence that a particular transaction will yield gain/profit. 
Otherwise, it is not worth it. However, it is discovered that VaR does not offer 
any explanation beyond the 5% quantile which is mostly violated in actual prac-
tice. Realistically, firms often suffer losses that go beyond the 5% upward, incur-
ring more losses than expected. This situation gave rise to the expected shortfall 
(Es) or the conditional VaR which provides analysis on the density and fre-
quency of losses beyond the acceptable region.  

Artzner, Delbaen, Eber and Heath (1999) gave four axioms that define a co-
herent measure of risk. This represents characteristics that all risk measures 
should possess in order to qualify as a coherent risk measure. They are given as 
1) monotonicity 2) translation invariance 3) positive homogeneity 4) sub-additivity. 
By the definition of the first three characteristics, VaR being a quantile is quali-
fied. However, VaR violates the last axiom which is sub-additivity. Hence, VaR 
cannot be accepted as a coherent risk measure. In case we still go ahead to spec-
ify a VaR equation for optimization, we may achieve a result that is not repre-
sentative of the entire component of the portfolio assets and weights. 

As for Expected shortfall (Es), Acerbi & Tasche (2002) established that when 
the equation function used is a continuous density type, it may make Es to be 
qualified as a coherent risk measure. However a continuous density function is 
not common in optimization where portfolio can carry different weights and 
mix over time. Moreover, in the recent theoretical research in risk management, 
measures based on quantiles have been found to be good functions to measure 
the risk in a portfolio. Interestingly, the value-at-risk (VaR) still remains a ref-
erence for many financial applications, even though it is not a coherent measure 
in terms of the four axioms specified by Artzner et al. (1999). The attraction in 
VaR approach may be as a result of the fact that it is easy to interpret; monetary 
values can be used and financial institutions can carry out an estimation of the 
necessary volume of own funds to cover risk of market in business activities. 

The most striking characteristic of the post-modern portfolio theory is its 
recognition of the positive and negative deviations from the mean (Rom & Fer-
guson 1993; Cumova & Nawrocki, 2003). Hence, contrary to modern portfolio 
theory where the positive and negative differences are summed up, the positive 
and negative differences are summed up differently. This results in the positive 
and negative deviations have led to the upside potential and downside risk ar-
guments. Another important characteristic of the post modern portfolio theory 
is the identification of a target return (Sortino, 1996, 2006) which can be greater 
or lesser than the mean return depending on the investment strategy of the in-
vestor per time. One of the popular models in contemporary finance that have 
sprouted from the post-modern belief is the stochastic optimisation program-
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ming for ALM.  
In the real sense, stochastic optimisation is a mathematical technique for op-

timizing processes where uncertainty prevails in the value of input and output 
variables. The opposite version of it is the deterministic optimization which is 
used when values of input variables and output variables are certain. Because fi-
nancial variables exhibit a lot of variations and uncertainties, the stochastic pro-
gramming method has been found more useful in finance. Some authors have 
attempted to build stochastic programming models with VaR and cVaR con-
straints. Usually, the VaR stochastic programming model will maximize return 
(Krokhmal, Uryasev, & Zrazhevsky, 2002), while the cVaR stochastic program-
ming model will minimize loss (Rockafellar & Uryasev, 2000). The dynamic 
stochastic programming model (Yang, Gonzio, & Grothey, 2009; Drijver, 
Klein-Haneveld, & van der Vlerk, 2000; Grebeck & Rachev, 2005; Defourny, 
Ernst, & Wehenkel, 2008) incorporates both return maximization and loss mini-
mization which provides better answers to the asset and liability issues of banks. 

An important line of difference observed in VaR, cVaR, PMPT and stochastic 
programming optimization models comes in the stating of risk and return con-
straints. In VaR and cVaR optimization model, the return constraint is assumed 
to be constant while the risk constraint is allowed to be dynamic. Whereas the 
dynamic stochastic optimization model premised on the post-modern idea of 
simultaneous risk minimisation and return maximisation and the specification 
of a target return, allows both return and risk constraints to be dynamic.  

3. Methodology 

1) The Multi Stage dynamic stochastic programming framework 
Stochastic programming is characterized by the construction of event trees 

which specifies different scenarios for the occurrence of stated random variables. 
The event trees show the results achieved and decisions taken as information 
are revealed overtime. An optimal solution is determined at each stage of the 
event tree which will become an input in the next stage until the terminal pe-
riod. The stochastic programming model formulated is usually done to fit the 
condition of the financial institution in question and the state of the economy 
at each stage. 

2) Construction of Event Trees for the Model 
The time horizon specified for this study is twenty five years (1992-2016). 

Within this period, three important stages are identified. Stages are represented 
with t0, t1, t2 respectively from the first to the third stage. The period of the stages 
are; 1992-2002, 2002-2010, 2010-2016. These stages are traced from the emer-
gence of microfinance banks in Nigeria as contained in the microfinance policy, 
regulatory and supervisory framework for Nigeria (CBN, 2011). 

Liability Generating Scenario 
In any ALM model, it is important to project the future value of the liabilities. 

This can be achieved using discounting methods applicable to the type of liabili-
ties considered in the model.  
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Scenario for Economic factors and Asset returns 
There is a consensus in the stochastic programming for ALM literature that 

similar factors affect both assets and liabilities especially in the fixed income se-
curities institutions. This position is based on the fact that ALM applications 
thrive on simulation systems that require the integration of asset prices with 
economic factors. This integration is crucial as the assets and liabilities are often 
affected by the same underlying economic factors. We agree with the position of 
(Zenios, 1995) that short term interest rate drives the returns on both assets and 
liabilities in fixed income ALM applications for money management. Therefore, 
a suitable variant of the short term interest rate; monetary policy rate (MPR) is 
selected for analysis in this study. Once the model for generating scenarios has 
been specified, the coefficients have to be calibrated in order to produce plausi-
ble values for the returns. Specifically, three methods for generating asset return 
scenario with more detail have been identified in literature. They are; 1) boot-
strapping historical data, 2) statistical modelling with the Value-at-Risk ap-
proach, and 3) modeling economic factors and asset returns with vector autore-
gressive models. This study makes use of the third method which is modeling 
economic factors and asset returns with vector autoregressive models. Modeling 
economic factors and asset returns with vector autoregressive models has be-
come more popular in the stochastic programming literature (Hoyland & Wal-
lace, 2001; Kouwenberg & Zenois, 2001; Koskosides & Duarte, 1997). It is less 
complex in terms of computation and the limitations on the time series model 
are not as serious as that of value-at-risk and historical bootstrapping.  

From the foregoing, we specify a stochastic model that maximizes expected 
return for MFBs investment over the specified time horizon. The stochastic lin-
ear programming (SLP) used in this study has been applied successfully to a 
number of related problems. Few examples of such are applications in insurance 
(Cariño & Ziemba, 1998; Cariño et al., 1994), pension fund industry (Drijver, 
2005; Gondzio & Kouwenberg, 2001). Zenios (1999) also used survey large-scale 
applications of SLP to fixed income portfolio management. The stochastic pro-
gramming models of Yang et al. (2009), Yang (2009) on; practical application of 
stochastic modeling framework for investment strategy in asset and liability 
management are adapted with little modifications for this study. 

With the objective of maximizing expected return on asset with acceptable 
risk, then the multi-stage ALM problem concerning the investment strategy of 
the MFBs can be modelled as: 
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Where ( )φ ⋅  gives the risk associated with position ( ),xh c . 
3) Definition of Variables in equations of the Multistage Framework 
Each of the equations above represents sub-objectives to be satisfied in order 

to achieve the overall objective of optimality in the risk-return trade-off in MFBs 
balance sheet. The objective function in Equation (1) aims to maximize the 
summation of total assets plus cash available to MFBs at each node and stage of 
the entire Time horizon represented by T Tj N∈ , multiplied by their joint 
probabilities T

jTξ , taking into account the penalties of underfunding and trans-
action fee η  deducted.  

Equation (2) is the constraint equation to the maximization equation in (1), 
where the asset side is shown to be equal to the liabilities side in line with stan-
dard accounting/balance sheet equation. The initial assets of the MFBs repre-
sented by 0

,0 0i iW xh C+  plus transaction fee earned on these assets is equated to 
the initial capital less initial expenses (outflow of resources) plus the initial in-
flow of resources in the form of grants and donations. 

Equation (3) describes the processes and activities on both the assets and li-
abilities sides from one period to the other that links the constraint equation to 
the objective function. On the liabilities side, the initial capital G is expanded to 
become ( ) ( ) ( )

1
, , , ,1 1t t t

i i j jt c jt a t jti I W xb r Cη −
∈

− + +∑  meaning the summation of the 
market value of units of liabilities raised in fresh capital from owners at each 
node and stage less the transaction cost incurred on them, plus cash from previ-
ous node and stage each subjected to a compounded interest rate, less t

jtA  
which is the outflow of resources; payment of deposits in each node and stage, 
plus additional inflow of resources ,

t
j tD  in the form of grants and donations in 

each node and stage. On the assets side, initial asset and available cash is ex-
panded to become market value of the units of assets disbursed as loan in each 
node and stage plus the transaction fee gained from them. 

Equation (4) captures the inventories of total asset (earning and non-earning) 
at each node and stage. That is, the value of total assets in the previous node and 
stage plus the return on the total assets, plus value of assets raised from fresh li-
abilities in each node and stage, less value of assets disbursed as loan in each 
node and stage must be equal to the current value of total assets in each node 
and stage. 

Equation (5) defines the underfunding level jb  at the end of the financial pe-
riod, whereby, the summation of the value of total assets for each node and 
stage, available cash in each node and stage, and the amount of underfunding 
that may exist at each node and stage less the transaction cost, is expected to be 
greater than or at least equal to the coefficient of funding (ratio of assets to li-
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abilities) at the end of the financial period. This equation specifies the return 
constraint that the MFBs face. 

Equation (6) expresses the risk measure function ( )φ ⋅  and the maximum 
acceptable level of risk represented as σ (risk constraint). According to this 
equation, the estimated risk quantile associated with the value of the total assets 
and cash available at the end of the financial period should be less or equal to the 
benchmark given by σ. 

The last equation expresses the non-negativity constraints of the decision 
variables used in the model, where all variables are subsets of real financial fig-
ures. 

4) The vector autoregressive (VAR) model 
In order to generate the scenario for estimating asset returns with economic 

factors, a VAR model is specified. Following the work of Boender (1997), a base-
line autoregressive model for ALM problem is given thus; 

( )1 , ~ 0, , 1, 2,3, ,t t t tR c Vh N Q t Tε ε−= + + = �               (7) 

( )1 , 1,2, , , 1, 2,3, ,it itR In r i m t T= + = =� �               (8) 

where m is the number of asset time series, itr  is the discrete rate of change of 
variable i in year t, tR  is an m-dimensional vector of continuously com-
pounded rates, c is the m-dimensional vector of coefficients, V is an m x m ma-
trix of coefficients, tε  is the m-dimensional vector of error terms and Q is the 
m x m covariance matrix.  

From the return constraint in Equation (5), the following VAR is specified 
specifically for estimating the multi-stage dynamic returns 

1 1 1 1 1 11 1 1 1
k k k k

t j t j j t j j t j j t j tj j j jR a b R c C d UF e MPR u− − − −= = = =
= + + + + +∑ ∑ ∑ ∑  (9) 

where; 

tR  = Return on asset 

tC  = Cash 

tUF  = Underfunding 

tMPR  = Monetary Policy Rate 
In order to capture the multi stage characteristics of the model for the differ-

ent transaction stages identified, (i.e. 0 2t t− ), we introduce a dichotomy regime 
into the VAR model specified above. Hence the model is further specified as; 

1 1 1 11 1 1

3
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t j t j j t j j t jj j j

k
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5) Empirical Model for Risk-Return Benchmark for Multi-stage 
In order to derive σ which is the maximum level of risk to be used in the risk 

constraints, the single index, multi-period standard capital asset pricing model 
(CAPM) is employed in this study. According to the original model developed 
by Sharpe (1964) and Lintner (1965), the model for estimating portfolio return 
and risk are given as follows; 

( ) ( )p p p m f itt t
R R Rα β ε= + − +                 (11) 

where; pR  = portfolio return (return on asset), pα  = component of portfolio 
return independent of market return, mR  = market index return; taken as the 
All Share Index (ASI) of the stock market. fR  = Risk free rate taken as treasury 
bill rate, pβ  = expected change in pR  given a change in mR , t = the period 
dimension (1 ∙∙∙ N) where N = 25. where 1p i ii

nβ ω β
=

=∑ . Portfolio risk equation 
is given thus; 

2 2 2 2 2
1p p m i

n
ii eσ β σ ω σ

=
= +∑                   (12) 

2 2 2 2
1p p m i i

n
i eσ β σ ω σ
=

= +∑                  (13) 

In order to derive the desired target return benchmark, this study adapts with 
adjustments, the formula of Hoevenaars et al. (2008). The formula is actually a 
version of the liability derived index (LDI). The LDI represents the return which 
brings asset and liability returns at par. Different versions of LDI for different 
areas of financial services have been developed over time. The choice of the Ho-
evanaars et al. (2008) LDI over the Sortino LDI formula is based on the fact that 
the latter was built for the liability of the insurance and pension industry whose 
liability structure is very dynamic. Since the liability structure of the MFBs is also 
dynamic, the model becomes most suitable to calculate the liability derived in-
dex for the MFBs. 

Hence, the liability return series based on a log-linear transformation process 
is given by the following equation; 

( ), 1 1 1
1

12L t t L t tr rr D rr rr+ + += − −                 (14) 

where, trr  is the 25-Year Treasury Yield adjusted to constant maturity and LD  
is the duration of MFBs liabilities. As applied in Hoevenaars et al. (2008), the 
duration of MFBs liabilities is assumed to be 25 years. The model assumes that 
MFBs liabilities are in a stationary state and it pays full indexation. A sufficient 
condition for this to be true is that there are no underfunding and that assets 
matches liability through time.  

The liability derived return calculated from the above is taken as the bench-
mark return to be compared with the maximized return on asset estimated from 
the multi-stage stochastic model. 

6) Data Collection 
Data for microfinance banks’ current and fixed assets, revenue, operating ex-

penses, fixed deposits, long term and subsidized loans and other long term li-
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abilities, the monetary policy rates of the banking system, all share index of the 
capital market were all collected from the Central Bank of Nigeria statistical bul-
letin 2016. Quaterly data were collected to cover for the period of years specified 
for each of the three stages identified for MFBs investment period.  

For the asset model, return on asset was calculated as operating income /total 
asset per period, cash was the cash in vault and other banks, underfunding was 
the difference of the current asset and current liabilities per period. Data on re-
turn on asset, market return, risk free rate (treasury bill rate) was used to gener-
ate a 25 year series for risk benchmark based on the CAPM model. A 25 year se-
ries was also generated for the liability derived index model. 

4. Results and Discussion 

1) Multi-stage Stochastic Optimization for MFBs’ ALM 
Recall the stochastic Model; 

( )( ),max 1 T T T
i jT jT jTjT NT i I Wixh c bη ψ

∈ ∈
− + −∑ ∑  

s.t. ( ) 0
,0 0 0 01 ii I Wixh c G A Dη

∈
+ + = − +∑               (15) 

The return constraint from which the VAR model was derived; 

( ) ,1 T T T T
i i jT jT jT jTi I W xh c b Aη θ

∈
+ ≥+−∑               (16) 

And the associated risk constraint for the estimated return; 

( ), ,t t
i jt jtxh cφ σ≤                        (17) 

2) Vector auto-regression Result for Multi stage variables  
The result (Table 1 & Table 2) shows the multi stage asset-liability manage-

ment of MFBs, with coefficients for return on asset, available cash, underfunding 
(liabilities unsatisfied) and the economic factor at the different stages. All the 
variables interacted significantly with the return on asset at the different stages 
except MRR. MRR has a negative and insignificant interaction with return on  
 
Table 1. Descriptive statistics and normality test of multi-stage variables. 

Test/Variables Rxh (ROA) Cash Under Funding 

Mean 0.125115 2105.830 −28.42381 

Median 0.219361 1566.694 0.000000 

Maximum 0.970279 12772.56 30.62500 

Minimum −1.607081 2.350000 −214.3969 

Std.Dev. 0.486377 2589.550 64.10142 

Skewness −1.626712 2.700795 −1.992491 

Kurtosis 6.401570 10.87193 5.409156 

Jarque-Bera 77.54408* 319.0055* 75.89440* 

Observations 100 100 100 

*&**denotes significance at 1% & 5% levels respectively. Source: Author’s E-view result 2017. 
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Table 2. Dependent variable Rxh(ROA), Cash, Ufund and MRR. 

Stages/Variables 
D1 

Rxh (ROA) 
D2 

Rxh (ROA) 
D3 

Rxh (ROA) 

Rxh (−1) 
t-statistic/prob 

1.192802 
(11.6941) 

1.181909 
(11.3730) 

1.180452 
(11.2860) 

Rxh (−2) 
t-statistic/prob 

−0.498869 
(−4.80181) 

−0.508717 
(−4.90596) 

−0.505046 
(−4.86550) 

UFUND (−1) 
t-statistic/prob 

0.000375 
(0.27367)** 

0.000475 
(0.34679)* 

0.000496 
(0.36222)* 

UFUND (−2) 
t-statistic/prob 

7.28E−05 
(0.05422)** 

−0.000235 
(−0.17055)* 

−0.000266 
(−0.19428) 

LogCash (−1) 
t-statistic/prob 

0.044377 
(1.02737)** 

0.051160 
(1.16521)** 

0.051993 
(1.18858)** 

LogCash (−2) 
t-statistic/prob 

−0.062252 
(−1.55781)** 

−0.060663 
(−1.62149)** 

−0.065590 
(−1.74167)** 

MRR (−1) 
t-statistic/prob 

−0.465590 
(−0.18775) 

−0.742531 
(−0.34552) 

−0.265686 
(−0.12412) 

MRR (−2) 
t-statistic/prob 

1.203834 
(0.48602) 

1.562558 
(0.86103) 

1.705136 
(0.78311) 

D (−1) 
−0.055736 
(−0.19573) 

0.023343 
(0.12551) 

−0.039853 
(−0.15904) 

D (−2) 
0.041824 
(0.15855) 

−0.081528 
(−0.45215) 

0.117433 
(−0.15904) 

C 
0.072092 
(0.24384) 

−0.025193 
(−0.08612) 

−0.087139 
(−0.27549) 

R-squared 0.688398 0.922416 0.955520 

Adj R-squared 0.646851 0.912071 0.949589 

Sum sq. residuals 0.608711 1.645504 0.930981 

Akaike A/C −1.857067 −0.862609 −1.432173 

Schwarz SC −1.543139 −0.548681 −1.118244 

Source: Author’s E-view result 2017. 

 
asset. This confirms that for most of the investment period of MFBs under 
study, their asset and liability management has not been driven by economic 
factors. This is possible because for a better part of the period under study (i.e. 
1992-2004), MFBs operated like charitable organizations with very little empha-
sis on returns. They got cheap funds from government sources and gave out 
loans at sub-prime lending rates. The period 2005-2010 saw MFBs operating as 
an appendage of the commercial banks, cheap funds from government sources 
were channelled to the banks at sub-prime rates. Their focus then was to mini-
mize the downside risk as much as possible. It is not until recently after the re-
capitalization of MFBs (i.e. 2011-date) by which they were admitted into the 
mainstream financial system, that they started receiving funds and giving out 
loans at rates premised on the prime lending rates. That accounts for the insig-
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nificant interaction of MRR with return on asset.  
For all the stages analyzed, none showed a significant effect on the interaction 

of the variables over the period of study. This may be explained by the fact that 
MFBs in Nigeria have not really improved on their investment strategy over 
time. Just the same way their investment strategy was at the beginning, so it is at 
the end of the investment horizon considered in this study. The implication is 
that economic and regulatory issues surrounding the existence of MFBs did not 
affect their asset mix and rebalancing at the different stages. 

3) Estimation of Return from the Maximization model 
Using the coefficients that have been generated in the VAR system, we go 

ahead to generate return values for each of the asset and liability management 
stage. The Imputing of the coefficients is done by the adjusted sampling method. 
For each stage; t0 − t2, the average value of the corresponding variables (Rxh, 
Cash, Unfund, LDI, Risk, Transaction cost), is taken and a new value is derived 
to represent the entire stage. It is this average value that the corresponding coef-
ficients are assigned to. With the aid of the Markov solver for stochastic pro-
gramming, the probability and transaction cost values for asset, cash and under-
funding are generated in each scenarios of the multi-stage (see appendix). Hence 
the stochastic model is solved for each stage of the investment horizon. The re-
sult is presented below (Table 3).  

The optimal result above shows the calculated and benchmark estimates for 
both the risk and return of MFBs. Result confirms the position of the modern 
portfolio theory that investors are more sensitive to losses than to gains. Again, 
it is established in the post-modern portfolio theory that where the investor 
adopts a strategy of gain seeking and risk averse at the same time, the magnitude 
of risk averse is always higher than the magnitude of gain seeking (Cumova and 
Nawrocki 2003). We see from the result that the difference between the calcu-
lated downside risk and the benchmark risk is by far higher downward, than the 
difference between the calculated return and benchmark return upward. 

Just like the submissions of earlier studies on the investment strategies of 
MFBs; (Joachim, 2009; Ndibe et al., 2013), our result shows that truly, MFBs are 
more downside risk averse than they are gain seeking. The calculated risk which 
is expected to be at least equal to or less than the benchmark risk is actually  
 
Table 3. Optimal result for ALM Strategies of MFBs over the investment period. 

Stages Variables 
Return 

(Benchmark) 
Return 

(Calculated) 

Downside 
Risk 

(Benchmark) 

Downside 
Risk 

(Calculated) 

Upside 
Potential 

(Calculated) 

ALM I Rxh, Cash, Uf 0.58736% 0.2926% 5.1581% −1.4081% −0.29476% 

ALM II Rxh, Cash, Uf 0.175325% 0.0365% 9.115% −1.652% −0.138825% 

ALM III Rxh, Cash, Uf 0.11176% 0.00583% 3.565% −14.4536% −0.10593% 

Source: Author’s calculation 2017. 
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6.5662% lower in t0, 10.74% in t1 and 18.0186% in t2. Whereas, the calculated re-
turn which is expected to be at least equal to or greater than the benchmark re-
turn is actually lesser by 0.29476% in t0, 0.138825% in t1 and 0.10593% in t2. 

From the theoretical review, it is established that the issue of sustainability is 
tied to the level of return made by the financial institution. Return itself is tied to 
the issue of risk. In order to ascertain the financial sustainability of the MFBs, we 
consider the issue of optimality in their risk-return trade-off. Our result shows 
that MFBs are more sensitive to losses than to returns as established in theory. 
The calculated returns fall far below the benchmark optimal returns. Whereas, 
the calculated risk was far lower than the benchmark risk. Going by the afore-
mentioned, we can safely say that the risk-return trade-off of MFBs in Nigeria is 
not optimal. MFBs favour more of downside risk reduction than upside poten-
tial increase. 

5. Discussion of Findings 

We can deduce from our result that neither the MFBs managers, investors, cus-
tomers nor the government are enjoying the operations of MFBs in Nigeria yet. 
The goal of outreach is unmet when MFBs are not taking opportunities to reach 
out to more customers by offering their loans and insurance services to them 
(Fernado, 2007). Investors are not getting enough return as they should get from 
their investment in MFBs. Government is not achieving its financial deepening 
goal which is at the “heart” of financial development. In the same vein, custom-
ers i.e. microentrepreneurs, microentreprises and households are not getting the 
necessary support for business development. Generally, the goal of economic 
development through microfinance is not met (Komolafe 2010). Donor agencies 
(local and foreign) are disappointed and as such, donor funds have seriously de-
pleted (Dunford, 2000). The evidence from Nigeria supports the notion that 
credit based microfinance has the characteristics of a “development fad” (Eller-
man, 2007). Their lending pattern is abnormally skewed towards easy-entry mi-
cro-businesses with little potential and household consumption. Even though 
these are highly publicized, they have very little developmental results. Whereas 
microfinance investment managers provide adequate risk management and 
portfolio diversification for high returns in some climes (Mangold, 2016), the 
same is not so in Nigeria. Rather than lend to micro-businesses as expected, and 
directed by CBN, MFB operators were investing the money in real estate, petro-
leum business, schools, stock markets and to fund LPOs (Komolafe, 2010). 
These investments however became trapped following the impact of the global 
financial crisis on the economy. In addition, following the global debate on re-
sponsible pricing in microfinance, loan pricing surveys reveals interest rate 
charged by Nigerian MFBs are comparatively high (SEDIN, 2015). Arising from 
the above, we therefore ask: 1) What makes microfinance investment in Nigeria 
peculiar? 2) Can the microfinance lending pattern determine their long-term 
sustainability? 3) Can MFBs resolve the risk-return debacle through appropriate 
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loan pricing technology? 

6. Conclusion 

In achieving the objective of evaluating the overall value risk inherent in MFBs 
balance sheet, this study introduces the stochastic programming model. As sim-
plistic and practical as the model has been presented in this work, some major 
limitations in its usage which may have influenced our result have been identi-
fied. The estimation of risk under each of the stages separated by the dichotomy 
variable was derived manually from the series generated for each stage. The 
Markov stochastic programming solver employed only generated the associated 
transaction cost and probability values for the imputed variables at the different 
stages and scenarios. A more efficient solver like the Object Oriented Program-
ming Solver (OOPS) would have required the stochastic programming language 
and based on this, would supply optimal solutions for return and risk at each 
stage. We were limited by inability to obtain the above named solver as it was 
not within our reach during the period of study. However, we rely on the au-
thenticy provided by past research works that have used econometric time series 
models for calibrating optimal coefficients for multi-stage returns to be used in 
the stochastic model. 

It is very rare at least in Nigeria, to find a financial institution that operates at 
the optimal level of risk-return trade-off. At best, financial institutions celebrate 
levels a little below or close to optimality. However, in the case of the MFBs that 
have been studied in this work, their divergence from the optimality level is 
quite worrisome. It is obvious that majority of the MFBs are still far from 
achieving the two all important objectives of 1) outreach and 2) financial sus-
tainability. The shortcomings of the MFBs may be premised on either of these 
two 1) that the existing policy framework for the operation of MFBs is not feasi-
ble considering the nature of the market they operate in, 2) that the practitioners 
and operators in the Microfinance Banking sector have not acquired the right 
skill and expertise required for their kind of business.  

We conclude from our result that risk-return trade-off in the ALM of MFBs is 
not optimal. MFBs must first set out to identify their own distinct market. Inte-
restingly, with the current stage of development in which Nigeria is, MFBs have 
larger markets than any other financial institution. Recall that the MFBs were 
established to serve the small and micro businesses at the grassroots level of the 
economy. The grassroots, rural, semi-urban areas in all the states of Nigeria are a 
beehive of economic activities. Although the turnover may not be as large as that 
of established commercial and corporate sectors, it is a very steady one. MFBs 
with a capital base of 20 million naira should not attempt to compete with a 
commercial bank with a capital base of a minimum of 25 billion naira. Similarly, 
operators who believe in high class luxurious service and overheads should look 
elsewhere other than MFBs. MFB is basically for the low income individuals and 
microenterprises in the rural, semi-urban areas. Operators who are serious about 
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wooing them must also present themselves as such. 
On the part of the regulatory and supervisory authorities, they need to carry 

out more aggressive and timely on-site and off-site supervision of MFBs’ activi-
ties. As contained in the policy framework of MFBs in Nigeria, regulators should 
ensure that MFBs are not just physically present in a community but economi-
cally present too. Regulators should scrutinize the books of MFBs to ascertain 
the number of local customers, gender balance, types and structure of assets 
(earning and non-earning) maintained by MFBs per period. With proper en-
forcement of policy guidelines and rules guiding MFBs, regulators can help 
check over-trading and under-trading. 
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