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Abstract 
The main business of Life Insurers is Long Term contractual obligations with 
a typical lifetime of 20 - 40 years. Therefore, the Solvency metric is defined by 
the adequacy of capital to service the cash flow requirements arising from the 
said obligations. The main component inducing volatility in Capital is market 
sensitive Assets, such as Bonds and Equity. Bond and Equity prices in Sri 
Lanka are highly sensitive to macro-economic elements such as investor sen-
timent, political stability, policy environment, economic growth, fiscal sti-
mulus, utility environment and in the case of Equity, societal sentiment on 
certain companies and industries. Therefore, if an entity is to accurately fore-
cast the impact on solvency through asset valuation, the impact of macro- 
economic variables on asset pricing must be modelled mathematically. This 
paper explores mathematical, actuarial and statistical concepts such as Brow-
nian motion, Markov Processes, Derivation and Integration as well as Proba-
bility theorems such as the Probability Density Function in determining the 
optimum mathematical model which depicts the accurate relationship be-
tween macro-economic variables and asset pricing. 
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1. Introduction 

The key determinants of a successful Service-Based Organization in Sri Lanka 
are Customer Relationship, Pro-activeness, Commitment and Effective Controls 
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[1]. In the past decade, the economy has indicated a shift towards the Service 
Sector and therefore contains vast potential. Studies have proven that Perceived 
Brand Equity has a high correlation with Purchase Intention and therefore 
strategies could be aimed at optimizing Perceived Quality, Brand Loyalty, Brand 
Awareness and Brand Association [2]. Therefore, all decision making of an In-
surance Company in Sri Lanka must be data-driven and this data must be 
processed and analyzed correctly through appropriate mechanisms. 

An Insurance company faces the threat of negative impacts on its Business 
Continuity and Potential through incompetent and ineffective internal mechan-
isms as well as external forces. Such Risks can be prioritized, and its impact cal-
culated based on the probability of occurrence. The importance of this method is 
that it considers the holistic picture of a certain scenario and thereby allows the 
company to minimize or avoid the associated impact [3]. As an Insurance 
Company’s regulations are centered on Risk-Based Capital Charges, appropriate 
risk detection and contingency planning are of paramount importance in terms 
of Strategic Planning [4], especially given that external forces have a significant 
impact on Risk-Based Capital [5]. 

Actuarial Science helps determine the appropriate pricing for products through 
Mortality and Morbidity studies of contemporary customer segments as well as 
Risk Pricing for all perceived Risks. However, Underwriting Risk and Reinsur-
ance Risk significantly impact the profitability of the Insurer caused by under-
pricing of premiums and insufficient reinsurance coverage for claims, respec-
tively. The root cause of these risks is incorrect assumptions on which all Insur-
ance Pricings are based [6]. The accuracy of these assumptions can be enhanced 
through high quality data analytics via statistical tools [7]. 

1.1. The Problem 

Research indicates that studies into appropriate Statistical Risk Modelling in the 
Sri Lankan Insurance Industry are almost non-existence. While many theoretical 
approaches have been explored through research, it is highly lacking on the 
technical and mathematical end. Additionally, the country’s Risk Management 
methodologies within the industry still are not integrated with data and statistic-
al analysis and are far from integrated modelling. As such, this paper aims to 
contribute to filling this gap by deriving a Stochastic Volatility Model which 
monitors and forecasts the movement of Risk-Based Capital. This paper serves 
as the foundation of a series of researches which aim to create an automated 
system for real time capital projection. 

1.2. Perceived Outcome 

The overall outcome of this exercise is to derive a statistical capital projection 
model that is suitable and relevant to Sri Lankan Long-term insurers. The out-
come of the model provides the company information on the factors which im-
pact capital, external forces which cause volatility and its interrelationships. It 
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also provides the future direction of capital and its influencing factors. There-
fore, the company’s strategic decision-making process can be aligned to the pre-
dicted capital movements and thereby cascaded down to operational and busi-
ness horizons. This provides a statistic driven risk management system enabling 
the company to achieve its strategic objectives amid volatile environments. 

1.3. Contemporary Evidence 

Stochastic Process Algebras are used in Dependability Modelling where the 
components of the holistic system influence each other. Stochastic Volatility 
Modelling includes components which fluctuate over time. The model is kept 
together by a set of equations which are based on the historic relationships of the 
components and can forecast the movements of the entire system [8]. This is es-
pecially useful in Statistical Risk Management in terms of monitoring and fore-
casting the movement of Risk-Based Capital. 

1.4. Literary Abstract 

The Sri Lankan Financial Industry has had a turbulent past tainted with fraud, 
anti-money laundering and political manipulation which resulted in the Euro-
pean Commission listing the country as high financial risk. Furthermore, the era 
of peace bought with a 32-year-old only lasted 5 - 6 years as political instability 
returned through scandals and unconstitutional political upheaval. 

The Insurance Sector went through ups and downs in the past decade. The 
decline in motor vehicle registration declined the General Insurance business 
while process integration and automation enhanced the quality of service and 
margins. Product innovation has created diversification both in terms of prod-
ucts and distribution channels. However, majority of the market remains unpe-
netrated as the deep inbuilt distrust regarding the Financial Industry hampers 
potential. However, Enterprise Risk Management and a series of Merges and 
Acquisitions boosted the capabilities of the Industry through the years. 

The conundrum of ageing population seems to be doing the industry a favour 
as it has increased the burden of dependents on a contracted labor force. Therefore 
retirement products, health riders and life covers have taken forefront of consumer 
behavior. This was only enhanced further by the COVID-19 pandemic. 

The gig economy has helped improve the management of Agents. However 
there is a near possibility that much of the services exposed to customers will be 
automated and digitized through insuretech. 

An ERM system is a management skeleton which must be adopted and cus-
tomized as per the company’s objectives and circumstances. A set of risk-centric 
corporate objectives are enforced, monitored and controlled through risk identi-
fication, assessment and response. A neural communication network is bound 
around risk-silos (sub risk segments) and reporting is executed through these 
networks. 

A solid ERM must be able to forecast the cost of capital of doing business for 
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the entire lifetime of liabilities, which usually average at 25 - 30 years in the Life 
Insurance business. A Russian study revealed the devastating fact that many In-
surers experience diminishing returns due to incorrect valuation of future mar-
gins. As such, forecasting plays a main role in Risk Management systems. How-
ever, as forecasting risks are complicated by a vast pool of fluctuating variables 
which in turn are influenced by external forces, a sound mathematical approach 
must be adopted to the ERM in terms of forecasting required capital. This is the 
cornerstone of strategy and capital allocation. 

Required Capital is the solvency necessary to bear business risks. Many tools 
are available for Capital Budgeting such as game theory, real options pricing, de-
cision trees sensitivity analysis, scenario analysis, and IRR, NPV and uncertainty 
absorption cash flow. However, many of these lack a quantified function of va-
riable market forces. 

One developed method is to calculate Risk-Adjusted Performance Measure 
which is expected revenue net of expected losses and costs divided by economic 
capital. Another method is to calculate Economic Capital as the excess of risk- 
adjusted assets and risk-adjusted liabilities by discounting assets and liabilities 
using Value at Risk. 

However, Value at Risk is based on current market conditions and lacks a vo-
latility component spreading out into the future. This was somewhat resolved by 
EWMA although it disregards asymmetry. 

Engel’s ARCH model incorporated conditional variances fluctuating over time 
but is expressed as a function of historical trends, and therefore can only be ap-
plied to a single period of forecast. This time component is corrected in Bollers-
lev’s GARCH model. 

However, Stochastic Volatility (SV) proved to be the most accurate in terms of 
forecasting based on fluctuating variables which are in turn dependent on other 
variables. The soundest SV model is the Brownian motion where all variables are 
considered to be influenced by surrounding variables. Therefore, the relation-
ship between each independent variable can be linked in one quadratic equation 
using integrated variables. When deriving the relationship between these inde-
pendent variables, Pearson Coefficient can be used to quantify the said relation-
ship thereby incorporating linear coefficients within integrated variables. How-
ever, this is the first step in establishing the model and is thereby far from the 
optimum quantification standard of industry influencers. 

1.5. Literature versus Observation 

The RBC Rules calculate CAR in a similar manner to that of Boonen’s SCR 
model with slight differences. The SCR only takes into account Interest, Equity 
and Longevity Risk while RBC includes a wider spectrum. However, this makes 
forecasting more difficult under the RBC model than the SCR model. The prin-
ciple behind RBC is similar to the base of VaR, the only difference is VaR being 
undefined while RBC provides a risk model. 
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The EWMA method is not practical as it assumes that the market follows a 
normal distribution. The ARCH and GARCH models were superseded by the 
Stochastic Volatility Model. 

RBC includes stochastic processes in various parts of its model. For instance, 
when assets and liability mismatches are factored into capital, Macaulay’s dura-
tion is used to stress the portfolios while incorporating the RFR as the indepen-
dent variable. The Macaulay’s duration calculation is thereby a Brownian motion 
embedded within RBC. 

When forecasting the movement of independent variable, Pearson’s coeffi-
cient can be calculated to forecast various economic indicators which are then 
used in RBC stochastic modelling. 

As the given parameters under the RBC Rules are regulatory, the company’s 
internal Risk Management system should have a customized version of RBC 
while maintaining buffers as per the Risk Appetite. Here, Alawattagama’s ERM 
process can be adopted. However, the Financial Flows derived by the Russian 
study does not incorporate a risk-centric system and focuses only on financial 
management. Therefore, RBC risk categorization and definitions can be struc-
tured into this ERM process while the limits and risk charges are stressed to give 
a model customized to the company’s risk appetite. 

2. Methodology 

The Research Onion methodology was adopted when producing this paper. It is 
an outside in method which follows a systematic approach in deciding the cor-
rect methodology for each research component [9]. 

2.1. Research Philosophy 

The collective set of norms, beliefs and idiosyncrasies associated with the objec-
tive reality of the research topic forms the Research Philosophy. Saunders details 
three different Philosophies, namely Ontology, Epistemology and Axiology. 

The philosophy surrounding this study is a mix of Constructivism and Real-
ism. Different theories are explored in the perspective of different scholars in 
order to adopt or derive theories that are suited to Life Insurers of Sri Lanka, 
while existing relationships between variables are explored through Realism. 

2.2. Research Approach 

With the chosen philosophical mindset, the research can be approached in one 
of three ways: Deduction, Abduction and Induction. 

This research has been approached inductively. Literature inference was uti-
lized prior to drafting the proposal in determining Stochastic Volatility Processes to 
be most suitable for Capital Projection. However, this is not looked at in isola-
tion and therefore specific hypotheses were not formed. Rather, all related theo-
ries were studied in order to create a suitable model equipped with stochastic 
volatility processes and related theorems. 
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2.3. Methodological Choice 

Given that this research involves a quantitative metric (Capital) which is influ-
enced by qualitative forces (External environment), a multi-method research 
was conducted through mathematical, economic and business Literature where 
quantitative and qualitative findings and principles were incorporated. 

2.4. Strategy 

Strategy defines how research expectations are realized. Strategies include expe-
riment, survey, archival research, case study, ethnography, action research, grou- 
nded theory and narrative inquiry. 

The strategy used to realise research objectives of this paper is multiple case 
study through systematic review. 

2.5. Time Horizon 

This research studies past trends extensively in order to generate relationships 
between variables. As such, a Longitudinal Time Horizon was selected. 

2.6. Techniques and Procedure 

Existing literature on conceptual frameworks was collected in order to study dif-
ferent perspectives in terms of Capital Valuation, Risk Management methodolo-
gies and Stochastic Volatility processes. The source for this was mainly academic 
journal papers. In order to study past trends, publications of statistical data on 
historic performance in terms of economy and the insurance industry were col-
lected. These are mainly reports and publications by Government or Regulatory 
bodies, mainly through the databases of CBSL, CSE and IRCSL. Newspaper ar-
ticles and journal papers pertaining to the events of the insurance industry were 
collected in order to ascertain the nature and evolution of same. 

The literature pertaining to the Insurance Industry of Sri Lanka, Capital Valu-
ation, Risk Management methodologies and Stochastic Volatility processes were 
first studied in order to understand the underlying concepts and calculation 
bases. Historic data was then analyzed to form trends and correlations in order 
to form relationships between variables. The prevalent Stochastic modelling 
(RBC) within the country was then studied to understand if all necessary aspects 
are being addressed. Where necessary, the knowledge from existing studies re-
lating to mathematics was used to improve or fill the gaps in the RBC model. 

2.7. Systematic Review 

Systematic Review collates and evaluates data in order to answer the specified 
research question while meta-analysis helps infer quantitative data with qualita-
tive literature. The PRISMA model was adopted for this purpose [10], which de-
tails a journey through the collected data through the stages of identification, 
screening, eligibility testing and inclusion. 

Systematic review follows seven stages, namely setting research scope, infor-
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mation flow, and evaluation of information quality, listing sources included in 
review, descriptive summary, thematic analysis, and conclusion. 

Denscombe details four methods of thematic analysis, namely meta-analysis, 
narrative analysis, thematic synthesis and realist synthesis [11]. When compiling 
this paper, thematic synthesis was used to review selected articles in order to de-
rive research themes and questions. Meta-analysis was used to critically evaluate 
historic literature and data in order to derive conclusions on the selected themes. 
The research was then conducted in line with set objectives, both in terms of li-
terature review and data analysis. To study the stochastic volatility processes in 
order to derive the algorithms defining the relationship between volatile market 
forces and the company’s Capital. 

3. Literature Review 
3.1. Regulatory Risk-Based Capital 

Risk-Based Capital (RBC) is the capital required to assure solvency while man-
aging uncertainty [12]. This must be based on a market consistent valuation 
methodology as it shows the management the liquid assets available to absorb 
market shocks. Additionally, RBC has been used as the base for prudential and 
solvency regulations under the BASEL series (BASEL III is currently under en-
forcement). RBC is also known as Economic Capital. 

Corporate Management has long since moved from cash flow management to 
risk-based management. In relation to the insurance industry, Risk Based Capi-
tal uses Return on Risk-Adjusted Capital and Return on Equity as proxy in de-
termining whether the business is being adequately compensated for the risk 
underwritten through policy issuance. This centers the focus of Corporate Strat-
egy on Capital Management, thereby deeming Capital Projection and Capital 
Allocation as cornerstones of Strategic decision making. 

Solvency can be achieved by maintaining the minimum capital requirement. 
The most crucial factor in capital management is determining the level of capital 
required in order to cover its portfolio risks in the relevant timeframe. Therefore 
the timely identification and quantification of such risks are mandatory in main-
taining solvency alongside key performance targets. Some tools used in Capital 
Budgeting include game theory, real options pricing, decision trees, sensitivity 
analysis, scenario analysis, IRR, NPV and uncertainty absorption cash flow [13]. 

3.2. Risk-Based Capital as a Stochastic Process 

Available Capital stipulates the Economic Value of a company’s Capital (Econom-
ic Capital) and must exceed the Minimum Capital Requirement (Risk-Adjusted 
Capital) in order to be solvent. Available Capital is the collective Economic Val-
ue of Assets (A) and Liabilities (L) and can be expressed as stochastic processes 
incorporating the variable time, stipulating that Assets and Liabilities must in-
dependently be greater than 0 at any given time. Therefore, Economic Capital is 
the excess of Assets of Liabilities. As per Solvency Regulations, it is calculated 
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with the assumption that there are zero future underwritings. Risk-Adjusted 
Capital subtracts the Value-at-Risk of the assets and liabilities and thereby cal-
culates Capital as the excess of risk-adjusted assets and risk adjusted liabilities, 
incorporating risk of future business [14]. 

3.3. Risk-Adjusted Performance Measurement (RAPM) 

RAPM provides a single performance measurement based on Solvency rules and 
is therefore a much more realistic forecast of shareholder’s returns. 

Expected Revenue Cost Expected LossesRAPM
Economic Capital

− −
=

 
where expected revenue and losses are mutually exclusive [15]. 

However, even though the regulatory definition dictates the above, there are 
practical issues when it comes to calculating Economic Capital and Risk-Adjusted 
Capital based on the aforementioned theory. Given that Economic Capital is 
basically a conversion of Balance Sheet Capital into economic value, it is inevita-
ble that a time component is factored in as assets and liabilities are economically 
valued as the present value of future cash flows. Therefore, if the capital required 
by the company and the available capital of the company are both subjected to 
the time component, then at the point the two equates, the solvency ratio be-
comes a factor of one, thereby providing a corrective and accurate measure of 
the company’s liquidity and financial position. 

In terms of Solvency 2 Regulations, it is assumed that Capital of a Bank and 
Insurer provides 99% and 99.5% guarantee respectively, that obligations will be met 
by the company. Therefore required capital here is calculated by subtracting the 
capital Value-at-Risk (VaR) at 99.5% confidence level. However, this could be the 
making or breaking point of Capital Management as this calculation requires a se-
ries of dependent and independent assumptions. If the company is over-optimistic 
it gives rise to the risk of insolvency in the future while over-cautiousness could 
create opportunity cost, foregoing probable positive cash flows. 

Dacorogna suggests a series of equations with probable conditions and ratio-
nale [14]. However, given that the risk components for each company differ de-
pending on strategy, segmentation, size and demographics, it is prudent to cal-
culate both economic capital and required capital on the basis of recognized 
risks as per the company’s capital structure. Hence, the company must have a 
clearly defined capital structure cascading down to risk components. In hind-
sight, this is where the Risk-Based Capital structure becomes most relevant. 

3.4. Value-at-Risk (VaR) 

VaR is typically the loss impact through the worst case scenario under normal or 
expected market conditions and can be calculated in both parametric and non- 
parametric methods. Non-parametric methods deviate from predictive analysis 
and calculate VaR through historic trends. The Historic Simulation method uses 
the base assumption that the considered future is similar to the recent past while 
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the non-parametric density estimation method takes a weighted average of ex-
pected losses across worse to best scenarios and treats the highest density area as 
the probable range. On the other hand, parametric methods utilize probability in 
calculating VaR [16]. 

3.5. Exponential Weight Moving Average Model (EWMA) 

If the probability distribution is assumed to be normal then EWMA can be used 
[17] to estimate σt; 

VaR at confidence level 1 − α = µ + σt G−1(α) where G−1(α) represents the α 
quantile of the standard normal distribution while σt is the standard deviation of 
portfolio returns. 

( ) ( )
1 21

0
1

n
j

t t j
j

σ λ λ
−

−
=

− = ∑ 
 

The main drawback of this method is the assumption that the dataset will fol-
low a normal distribution which is improbable due to market volatility and un-
certainty and are usually observed to follow a negatively skewed leftist distribu-
tion. Furthermore, while EWMA factors in varying and cluster volatility, it 
leaves out asymmetry and leverage. 

3.6. Volatility Models 

Volatility models seem to somewhat abate the aforementioned shortcomings. 
Three widespread volatility models are GARCH family, Stochastic Volatility Model 
and Realised Volatility Based Model. 

3.7. Autoregressive Conditional Heteroskedastic (ARCH) and 
Generalized Autoregressive Conditional Heteroskedasticity 
(GARCH) 

In the ARCH model introduced by Engle, conditional variance fluctuates over a 
given period of time as a function of historic errors thereby having a constant 
unconditional variable. This is mostly accurate for a single period forecast. The 
model provides a risk scoring mechanism based on likelihood of occurrence 
[18]. Bollerslev’s GARCH model on the other hand generalized Engle’s ARCH 
with corrections on the forecast period limitation and flexible lags [19]. 

3.8. Brownian Motion and Samuelson-Black-Scholes Model 

Stochastic Volatility can be introduced to traditional Samuelson-Black-Scholes 
model in calculating the log price of an asset by introducing Brownian motion 
and Volatility parameters. Brownian motion is a double random effect where the 
direction of one variable is influenced by the motion of other surrounding fac-
tors [20]. The volatility component can be defined through random time to in-
corporate continuity and acts as a chronometer. Therefore: 

( ) ( )*y t t w tβ σ= +                        (1) 
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where w is the Wiener Constant with drift β (random walk) and random shock σ 
which is then converted to: 

( ) ( ) ( )( )* * *y t t w tβτ τ= +  With random time τ          (2) 

If time is to be attached with a positivity condition where t > 0, the first for-
mulae can be rewritten as: 

( ) ( ) ( ) ( )1* * dy t t t s w sµ βτ τ= + + ∫                 (3) 

where ( )tτ  has replaced the usual variance σ2 with a drift where the integral: 

( ) ( )*
0

d
t

t s sτ τ= ∫                         (4) 

where *τ  functions as the integrated variance. 
However, a customized formula must be derived if the actual proportions and 

relativity of the factors impacting forecasting metrics with the progression of 
time. This deserves a separate paper. In order to derive a sound Stochastic Vola-
tility model, analytical option pricing, realized variance and realized power va-
riance, OU based models and subordination must be integrated into multivariate 
models [21]. 

3.9. Solvency Capital Requirement (SCR) 

An alternative approach calculated the SCR under Solvency II as a function of 
sub risk categories, namely equity risk and market risk [22]. 

2SCR 2mkt eq int eq intMkt Mkt A Mkt Mkt= + + ∗ ∗             (5) 

where eq is Equity Risk, int is Interest Risk and A is the up and down shocks. 
Balance of Funds is calculated by deducting Best Estimate Liabilities (BEL) 

from Assets. As with interest, the capital requirement for equity shock is simply 
the amount by which the company’s capital reduces once a shock impact is fac-
tored into Equity. If longevity risk is further incorporated to the equation, then 
the portfolio risk when subjected to mortality metrics gives the expected risk 
arising through claim expenses. If both equity risk and interest risk can be ex-
pressed as a function of SCR at market prices, then the overall SCR can be cal-
culated as follows: 

2 2SCR SCR SCR 0.5 SCR SCRmkt mkt long mkt long= + + ∗ ∗          (6) 

Here, the selected or derived equation must include a positive time compo-
nent when projecting capital, purely on a mathematical basis. Brownian motion 
inculcates the natural market phenomena of external environmental influence 
which enables the equation to host more than one independent variable inter-
connected through an integral or integrated variance while Boonen’s SCR in-
corporates risk imposed through sub risk categories on overall capital. A pru-
dent integration of these two methodologies would be to incorporate Brownian 
motion to the independent variables while maintaining the relationship of the 
dependent variables as per Boonen. 
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3.10. Pearson’s Coefficient 

Pearson Coefficient (R) calculates the strength and nature of the linear relation-
ships between two variables [23]. The coefficient can be calculated on excel using 
the formula = PEARSON (array 1, array 2) where the arrays represent the data 
sets of the two variables [24]. The result is an integer ranging from −1 to +1 and 
can be interpreted as follows: 

1 0.5R− < < − :  Strong negative 
0.5 0R− < < :  Weak negative 

1 0.5R< < :  Strong negative 
0.5 0R< < :  Weak negative 
It can also be plotted on a scatter diagram on excel for graphical representa-

tion. R is mainly useful when forecasting a dependent metric. 
In this paper, R is used to determine and confirm the macro-economic va-

riables which impact RBC in the context of Sri Lanka in order to determine the 
depended and independent variables which must be subjected to the theoretical 
conclusion of the Literature Review. 

4. Discussion 
4.1. Calculation of Risk-Based Capital 

Solvency Margin (Risk-Based Capital) Rules 2015 under the Regulation of In-
surance Industry Act, No. 43 of 2000 stipulates a much more comprehensive and 
inclusive Risk-Based Capital calculation format for Solvency. Capital Adequacy 
Ratio (CAR) is proxy for solvency and the minimum requirement is 120%. In-
surers are further required to maintain minimum Rs. 500 Million of Total 
Available Capital (TAC). TAC is the aggregate of Tier 1 and Tier 2 Capital net of 
Deductions and Tier 2 Capital cannot exceed 50% of Tier 1 Capital. Tier 1 and 
Tier 2 Capital are the Equity and Debt components of Capital while Deductions 
are assets inadmissible as per RBC Asset Rules and Determination 14. 

CAR is basically an expression of TAC as a percentage of Risk Capital Re-
quired (RCR), i.e. CAR = (TAC/RCR) * 100. TAC represents the actual capital 
while RCR represents the total capital required to cover the entire risk portfolio. 
Total risk of the company is calculated through the following sub risk categories; 
• Credit Risk Capital Charge (CRCC) 
• Concentration Risk Capital Charge (COCC) 
• Reinsurance Risk Capital Charge (RICC) 
• Market Risk Capital Charge (MRCC) 
• Liability Risk Capital Charge (LRCC) 
• Operational Risk Capital Charge (OPCC) 
• Surrender Value Capital Charge (SVCC) 

The formula is as follows: 

( )( )0.52 2 2

RCR Maximum of SVCC

or CRCC COCC RICC MRCC LRCC OPCC

=

+ + + + +
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CRCC is calculated as the multiple of the admissible value of each asset cate-
gory into the risk charge factor applicable to its asset quality. 

COCC is calculated as a 100% risk charge on Inadmissible Assets which are 
not a TAC Deduction. 

MRCC the aggregate of the following: 
• Interest Risk Capital Charge (irCC) 
• Credit Spread Risk Capital Charge (cpCC) 
• Equity Risk Capital Charge (eqCC) 
• Property Risk Capital Charge (prCC) 
• Gold Risk Capital Charge (grCC) 
• Unit Trust/Mutual Fund Risk Capital Charge (utCC) 

irCC is the minimum of the up-shock and down-shock scenarios of mismatch 
between asset and liabilities valued at present. Here, the asset and liability 
cash-flows are discounted factoring fixed shock scenarios and Risk Free Rates 
(RFR). RFR is an indicative forward rate of return which is the excess of current 
Treasury bond yield over current inflation rate [25]. cpCC is calculated in a sim-
ilar manner by discounting cash flows of assets bearing credit risk by factoring 
RFR and shock scenarios. 

eqCC imposes risk charge factors on Listed Equity of non-related parties, 
Listed Equity of related parties and Unlisted Equity of non-related parties in the 
amount of 35%, 45% and 45% respectively. Equity is valued at current market price. 

prCC and grCC bear risk charge factors of 25% and 15% respectively and is 
charged on its admissible exposure value. 

utCC imposes risk charge factors based on the underlying instrument of the 
relevant Unit Trust Funds, as per Table 1. 

 
Table 1. Underlying Asset Contribution to MRCC through utCC. 

Underlying Asset Risk Charge Factora 

Government Securities and Debt Securities/Deposits 
guaranteed by Government 

0.0% 

Money market instruments, including cash 1.6% 

Ordinary shares 35.0% 

Debt securities and corporate debt 4.0% 

Property 25.0% 

Other 15.0% 

a. as a percentage of Market Value as of effective date. 

 
Unit Trust Funds are valued on current unit price. Unit Prices are calculated 

based on the yield and security of underlying assets. 
RICC imposes risk charge factors on the net amounts receivable by insurers 

for less than six months and ceded policy liabilities based on the Counterpart 
Risk of Reinsurers. 

LRCC is the maximum of zero or the difference between base and stressed  
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Market Value of Net Liabilities. Liability cash flows are valued at present, factoring 
in RFR. OPCC imposes a risk charge factor of 1% on total Risk-Weighted Assets. 

SVCC is the positive difference between Aggregate Surrender Value of Liabili-
ties at Fund Level and the net Market Value of Liabilities. 

It can be deduced that CAR is heavily influenced by external forces. Valuation 
of assets and liabilities are based on economic indices such as interest rates, ex-
change rates, stock prices, current purchasing power and other financial instru-
ment yields. It is also impacted by social demographics such as quality of life, 
current trends, risk sentiment and strong societal beliefs through sales volumes. 
Additionally, idiosyncratic factors such as the strategic competence are reflected 
through operational margins as the company’s technical and technological compe-
tencies are indicated by efficiency levels. 

4.2. Relationship between Economic Output  
and Economic Indicators 

Data collected from public databases such as IRCSL, CBSL, CSE and Department 
of Census and Statistics from 2013 to 2019 were subjected to Regression, Pear-
son’s Correlation Coefficient calculation, trend analysis, scenario analysis and 
stress testing in order to determine the impact of external forces on the perfor-
mance of the Insurance Industry [26]-[32]. 

1) Trend Analysis of Economic Output and Economic Performance 
 

 
Figure 1. Historic economic output. 

 
GDP, Service Sector and Insurance Premiums have a positive relationship as 

observed in Figure 1. However, the strength of the relationship seems to vary as 
observed from the curve slopes. This is due to increase of disposable income 
with the continuous growth of GDP. 
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Figure 2. Historic economic performance vs. movement of indices. 

 
Investors tend to make riskier investments in order to maximize returns dur-

ing low risk periods. However, when the risk sentiment begins to worsen, the 
market produces a natural risk off phenomena where investors abandon low risk 
assets and flee to safe heavens as was prominent during the COVID-19 period 
[33]. This is evidenced by the inverse relationship between ASI and RFR as 
shown in Figure 2. 

The relationship between the Exchange Rates and Insurance Premium Growth 
was positive up until 2019. Given the low economic stimulus prevalent in the 
country observed through low credit growth, CBSL eased monetary policy by 
way of continuously reducing policy rates, statutory reserves and bank rates 
while managing the liquidity reserves through issuance and repurchase of Gov-
ernment Securities [34]. 

Growth of Insurance Premiums and Service sector is observed to have a posi-
tive relationship. 

2) Relationship between Economic Output and the movement of Eco-
nomic Indices 

 
Table 2. Pearson’s Correlation Coefficient (against GDP). 

Pearson’s Correlation Coefficient between GDP and;  

Insurance Premium Income 0.9971 

General Premium Income 0.9973 

Life Premium Income 0.9947 

Service Sector aggregate 0.9974 

 
The Insurance sector and its sub-sectors as well as the service sector have a strong 

positive correlation with GDP as observed in Table 2. Therefore, both positive 
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and negative shocks on GDP will have a direct impact on the sectors proportio-
nately. 
 
Table 3. Pearson’s correlation coefficient (against interest rates volatility). 

Pearson’s Correlation Coefficient between Interest Rate Movement and;  

GDP growth 0.224 

Service sector growth 0.000 

Insurance Premium Growth 0.602 

General Premium Growth 0.424 

Life Premium Growth 0.717 

ASI (y/y) (0.740) 

LKR:USD (annual average movement) 0.109 

 
Interest rates movement and Insurance Premium growth has a strong positive 

correlation while Interest rates movement and ASI growth has a strong negative 
correlation as observed in Table 3. This is evidenced by the boost in ASI wit-
nessed during monetary policy easing and the dips seen during high inflationary 
environments [35] [36] [37]. 

However, Interest rates movement has a weak positive correlation with GDP 
which indicates that interest inelastic sectors contribute massively to GDP. 

 
Table 4. Pearson’s correlation coefficient (against exchange rate movement). 

Pearson’s Correlation Coefficient between LKR:USD Movement and;  

GDP growth (0.344) 

Service sector growth (0.391) 

Insurance Premium Growth 0.106 

ASI (y/y) (0.633) 

 
The exchange rate movement has low negative correlations with GDP growth 

and service sector growth as observed in Table 4. However, insurance premium 
growth has a low positive correlation indicating a low level of influence. ASI has 
a strong negative correlation with exchange rate movement. 

The GDP growth rate directly impacts the disposable income and thereby the 
purchasing power which heavily influences the service sector and insurance in-
dustry. Therefore shocks on GDP through components such as Trade, Credit 
Growth, Remittances, Tourism, FDI’s must be factored in when assessing risks 
to the Insurance Industry. 

The positive and negative relationships interest rate growth has with insur-
ance premium growth and ASI respectively can be used to hedge against each 
other. If the risk management system can predict a shortfall on the industry, re-
sources can be deviated from business acquisition to investments thereby negat-
ing the overall impact on capital. 
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Despite the positive and negative relationship between LKR: USD movement  
and Interest rates and ASI respectively, given its opposing proportions interest 
rates and ASI cannot be hedged against each other efficiently. 
 
Table 5. Pearson’s correlation coefficient (against ASI movement). 

Pearson’s Correlation Coefficient between YoY ASI and;  

Insurance Premium Growth (0.739) 

General Premium Growth (0.576) 

Life Premium Growth (0.804) 

 
The strong negative correlation as observed in Table 5 indicates that ASI and 

Insurance act as substitute products. The strong negative correlation with Life 
premium growth is prudent as Life insurance products are long term invest-
ments while the equities are mostly short term investments. Hence, the direction 
of both depends on the country’s GDP growth as well as the risk sentiment. 

It can be deduced that GDP growth and interest rates directly influence the 
performance of the Insurance Sector while ASI inversely influences the perfor-
mance of the Insurance Industry, specifically Life Insurance. Therefore, the im-
pact on Life Insurance Premium growth can be forecasted by multiplying the 
Coefficient with forecasted movement of GDP and Interest rates. 

4.3. Impact of Interest Rates and Premium on Firm Assets 
Table 6. Pearson’s correlation coefficient (against ASI movement). 

Pearson’s Correlation Coefficient between YoY ASI and;  

Interest Rates and Long Term Insurance Assets 0.053 

Long Term Insurance Assets and Premium 0.725 

 
Assets have higher positive correlation with Premium than Interest as observed 
in Table 6. This is because the Asset Base largely funded by premium cash flows 
in the Life Insurance Sector and is therefore funded mainly through Liabilities. 

Available information was insufficient to assess the same for liabilities. 

4.4. Main Driver of Liabilities 

The largest portion of Liability in an Insurance Firm is the Life Fund. As the Life 
Fund is the aggregate of all policies, it is entirely sales driven. Life Insurance 
Agents generated 86.93% Gross Written Premium in 2018. The distribution 
channels for Life Insurance has expanded to include Agents, Brokers, Other sales 
force, Direct and Bancassurance. The newest channel in the pipeline is Micro 
Insurance but only a handful of players have penetrated the market. 

Sales performance depends on idiosyncratic factors such as marketing strategy, 
competence of the sales force, corporate management and financial management 
as well as external factors such as economic growth and purchasing power. 
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4.5. Influencers of CAR 

Given the above analysis, it can be deduced that the main influencers of CAR are 
domestic economic growth, interest rates, sales and capital management. The 
core function of Capital Management is to realise Corporate Objectives while 
steering the company through risks. 

For efficient strategy formulation and capital allocation, the company must 
quantify risks. This can be done using the RBC Rules (Section A) by cascading 
risks down to sub components, Credit Risk, Concentration Risk, Market Risk, 
Liability Risk, Reinsurance Risk, and Operational Risk. 

5. Derivation of Quadratic Equations for Risk Charges 

It has been deduced that the main influencers of CAR are domestic economic 
growth, interest rates, sales and capital management, out of which economic 
growth and interest rates are external volatility variables. Therefore, majority of 
Risk Charges can be derived as an expression of these volatility elements. 

If we take the customize the Brownian motion formula derived in the Litera-
ture review section; 

( ) ( ) ( ) ( )1* * dy t t t s w sµ βτ τ= + + ∫                 (7) 

However, with the attempt to understand the basics of the model, it is prudent 
to build up from the most simplistic random walk formula; 

( )1t ttP P µ−= + + ∝                        (8) 

Taking Interest Risk Capital Charge (irCC) as the example, the following 
formula can be derived. 

Segregate interest sensitive assets and apply the formulae separately 

( )1Forward Bond Value ttP µ−= + + ∝                 (9) 

where; 

( )1tP −  = Previous real time valuation of Bonds. 

tµ  = Random Shock (Independent movement). 
∝  = Constant (Dependent movement). 
If the influence of interest rates on bonds is relatively direct, then the constant 

can be derived through the regression coefficient. On the other hand, given that 
changes announced at the bi-monthly monetary policy review by the CBSL con-
tributes largely to the independent movement, a qualitative metric can be used 
here to predict the direction of the decision taken at the upcoming monetary 
policy review meeting and to thereby adjust the constant. Therefore, irCC will be 
the summation of all interest sensitive asset categories subjected to the afore-
mentioned methodology. 

eqCC can be derived in a similar yet indirect manner. Given that the Equity 
market responds indirectly to the changes in the interest rates, the change in ASI 
can be derived as an expression of the change in short term interest rates. 

The formulae derived for the different interest sensitive assets can be indirect-
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ly linked to the Liability Risk Capital Charge (LRCC) computation. Given that 
the same interest rate forecast applies to Liabilities as well, the same independent 
movement can be taken while the constant has to be derived separately for each 
policy/rider as per the historic regression analysis. 

Conversely, CRCC, COCC and RICC are dependent on the future counterpart 
rating. Therefore, an internal credit rating system must be developed to annually 
(for practical purposes) forecast any rating changes of counterparts. This must 
be dependent on the company’s risk appetite statement as well. 

OPCC depends mainly on the other risk charges and sales. Given that sales 
forecast is the cornerstone is financial planning, this paper assumed that there is 
a solid system in place for this purpose. 

SVCC can hence be auto-calculated as liability metrics are being forecasted 
through LRCC. 

6. Conclusion 
6.1. Influencers of CAR 

1) Forecasting each sub-risk category 
RBC Rules under the Insurance Act of Sri Lanka provides a comprehensive 

model for calculating CAR. Here, TAC is divided by RCR and RCR is calculated 
as the aggregate of sub Risk Categories, namely Credit Risk, Concentration Risk, 
Liability Risk, Operational Risk, Reinsurance Risk and Market Risk. The base of 
Required Capital (RCR) is a series of risk charges for all identified risks clubbed 
within sub-categories. 

Life Insurance is heavily influenced by GDP and Interest rates, which act as 
the base of volatility for independent variables such as Exchange Rates and ASI. 
Business and Investor confidence influences market rates. However, the overall 
market direction is regulated heavily through CBSL in order to stimulate eco-
nomic growth through a private credit uptick. 

CRCC and RICC can be forecasted by projecting the credit rating of counter-
parts through internal rating exercises. COCC, eqCC, grCC, prCC and utCC can 
be regulated through predetermined investment limits enforced through the 
Treasury Middle Office. Here, the asset portfolios can be stressed using various 
assumption based scenarios to derive the optimum mix that results in the de-
sired level of Risk Charges. 

irCC can be calculated by stressing asset cash flows as per assumption based 
scenarios. 

In order to forecast LRCC, sales, pricing strategy and market rates must all be 
forecasted to ascertain the liability movement. Efficiency standards and man-
agement styles must be predetermined in order to incorporate projected profits 
into the OPCC calculation. 

2) Derivation of a Quadratic Equation for Capital 
The underlying Independent variable which impacts the entirely of the Indus-

try is Policy Decisions. Shortcomings in GDP expectations due to the decline in 
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trade, remittances, FDI, private credit and reserves are compensated through pe-
riodic Monetary and Fiscal policy reviews. These in turn result in volatility in 
terms of interest rates, GDP, exchange rates and demand. Therefore, the first in-
stance of Brownian motion application must be between Policy review expecta-
tions and the resultant change in economic metrics. These relationships much 
then be re-expressed as a multiple of one or two independent variables. This 
enables the model to express the RBC formulae through the selected indepen-
dent variables thereby giving a near-accurate quadratic equation for capital pro-
jection. 

6.2. Literature and Observation 

The RBC Rules calculate CAR in a similar manner to that of Boonen’s SCR 
model with slight differences. The SCR only takes into account Interest, Equity 
and Longevity Risk while RBC includes a wider spectrum. However, this makes 
forecasting more difficult under the RBC model than the SCR model. The prin-
ciple behind RBC is similar to the base of VaR, the only difference is VaR being 
undefined while RBC provides a risk model. 

The EWMA method is not practical as it assumes that the market follows a 
normal distribution. The ARCH and GARCH models were superseded by the 
Stochastic Volatility Model. 

6.3. Limitations of the Observed Solution 

While the mathematics provide a sound basis of forecasting, it is entirely based 
on the relationship between policy decisions and resultant variable volatility. 
Therefore, the most prudent methodology is to predict the first instance of poli-
cy review by way of assessing the necessity of such a measure. This gives an in-
dication as to the magnitude of the necessity of change and the magnitude of 
required change. If the volatility of each variable can then be integrated into a 
mass economic volatility formulae, much of the resultant impacts on many in-
dustries can then be quantified using the model proposed in this paper. 

However, such mass integration is yet to be initiated on an academic level in 
Sri Lanka. Standalone initiation itself is insufficient and impractical due to the 
volatile nature of the economy. Therefore, quantification of the relationship be-
tween policy decisions and macroeconomic variables must be an ongoing re-
search project with committed veterans of the industry as well as skilled statisti-
cians and developers. 

The same is true in terms of application of the model proposed within this 
paper on any one Insurer. The relationships must be re-evaluated and updated 
constantly as per the changing trends. The country currently does not have a 
committed line of research in this regard. 

6.4. Opportunities Arising from This Paper 

The recommendations stipulated in section 6.3 can be applied for any country or 
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region. Such a mass-scale forecasting of macroeconomic variables provides an 
economic forecasting base for all industries within the selected region. The pro-
posed capital projection model can then be customized and easily implemented 
within any industry. This provides regulators with a risk-weighted view of indi-
vidual companies as well as industries as a whole which in turn improves the 
accuracy and quality of policy decision making within a certain region. 
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