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Abstract – Efficiency has stood out to be one of the key fundamentals in economics and as such, many 

corporates have endeavored in injecting capital, including, human capital in a bid to enhance efficiency. 

Owing to the stake that efficiency has in the field of economic research, several researchers have delved in a 

myriad of studies ranging from exploring the determinants of efficiency as well as measuring efficiency in 

the insurance sector. This study empirically examined the efficiency of Zimbabwe’s non-life insurance 

companies. Cost and profit efficiency scores were analyzed using the Stochastic Frontier Approach (SFA) 

which is a parametric approach. The choice of the methodology is based on its ability to separate the error 

term into two components namely the measurement errors and other random factors. The study utilized 

annual data from 19 non-life insurance companies during the period ranging from 2010-2017. Findings 

from the study indicated that firms in Zimbabwe’s non-life insurance sectors had average efficiency scores 

of 98.51 and 83.16 per cent in cost and profit correspondingly. 

Keywords: Parametric Approach, Stochastic Frontier Approach, Cost and Profit Efficiency, Translog cost 
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1. INTRODUCTION AND BACKGROUND 

An insurance company is a financial institution 

that serves as an insurance agency or risk 

management (Gitau, 2015). In achieving their 

objectives, insurance companies pool resources 

and create a fund which will be used to insulate 

principal contributors against ill events. The 

contribution of insurance industries need not go 

unnoticed given the integral part they play 

towards economic development. Moro and 

Anderloni (2014) defined insurance as a risk 

pooling mechanism where a pool of resources 

contributed by both low risk and high risk 

contributors. In return of contributions, insurance 

companies pay back for financial losses arising 

out of occurrence of insured events. According to 

the Insurance and Pensions Commission (IPEC), 

(2014), insurance companies play a significant 

role in the service-based economy and its services 

are now being incorporated into wider financial 

industry. 

While there are various studies at international 

level on efficiency, no study has measured 

efficiency of non-life insurance sector in 

Zimbabwe.  Most studies were focusing mainly on 

the banking sector for example Abel and Le Roux 

(2017) who evaluated the link between 

competition and efficiency in the banking sector 

of Zimbabwe. Basing on the argument by Abel 

and Le Roux (2017), efficiency of the firms in the 

financial industry is clearly important in order to 

determine how the industry will respond to the 

dynamic nature of technology as well as constant 

changes in consumer preferences.  
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1.1 Overview of the Zimbabwean Insurance 

Sector  

There are two distinct categories of the 

Zimbabwean insurance industry namely life and 

non-life insurance.  The distinguishing features 

borders on life span whereby life assurance is a 

long term facility whereas non-life has a short-

term horizon. As submitted by Afza and Kausar 

(2010) the purpose of life insurance is to provide 

monetary support to family members of the 

principal contributor in case of death. Thus, life 

insurance companies not only pay death benefits 

to designated beneficiaries but also sell individual 

and group retirement policies that provide 

retirement benefits to insured members. In terms 

of contributions, insurance companies levy 

relatively cheaper premiums as compared to non-

life insurance.  

In complementing life insurance, non-life 

companies specialize in short-term insurance 

usually for tangible properties such as property, 

motor, buildings and liabilities that may arise as a 

result of the use of such (Mukuyami, 2016). The 

time horizon of non-life insurance normally has a 

cap of a year though in some cases, it can be 

workable for cover to surpass a year (Geiss and 

Geiss, 2015). The non-life insurance companies 

comprise of property insurance and casualty 

insurance companies. Disaggregated data 

reviewed that as at December 2017, non-life 

insurers had reached 576 and comprised of (IPEC, 

2017) insurance companies, reinsurance 

companies, insurance brokers, Underwriting 

Management Agencies, reinsurance brokers, 

insurance brokers, corporate agency, sole agency 

and loss assessors. The spread of these can be 

depicted on figure 1.  

 

Figure 1: Non-life insurance industry players 

 

 Source: Own computation from IPEC 2016 data 

 1.2 Key drivers of efficiency in non-life 

insurance industry  

Charnes, Cooper and Rhodes (1978) identified a 

myriad of sources on inefficiencies in the non-life 

insurance industry. Aspects inclusive of outdated 

technologies or technological deficiencies, 

complexity in claims management as well as 

moral hazard in respect of fraudulent claims were 

singled out as major sources of inefficiencies In 

modelling determinants of efficiency in non-life 

insurance industry,  Luhnen (2009), outlined six 

key determinants of efficiency in non-life 

insurance industry which are however not limited 
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to firm size, product specialisation, financial 

leverage, premium growth, distribution channels 

as well as forms of ownership.. In modelling the 

determinants of profitability in the Zimbabwean 

Insurance sector, Chinorwadza, Mutandagai and 

Mutonhori (2020) unpacked expense ratio, type 

of equity, GDP growth and inflation as key 

determinants of profitability.   

In the attempt to measure the efficiency of non-

life insurance firms in Zimbabwe, this study 

employs the Stochastic frontier approach which is 

a non-parametric approach to estimate efficiency 

for these insurers for the period ranging 2010-

2017. The major development in the industry as 

well as the economy at large was the adoption of 

the multicurrency system. The study measures 

both cost and profit efficiencies. The results from 

the paper will add to the measures that can be 

employed by insurers to reduce inefficiencies.  

The rest of the paper is organized as follows. 

Section 2 presents the literature review; 

methodology of the Stochastic frontier approach is 

presented in section 3. Finally, results and analysis 

will be covered in section 4 while section 5 

concludes. 

2. LITERATURE REVIEW 

Utilizing the SFA to estimate cost functions for 

14 European insurance companies, Fern et al 

(2008) adopted a maximum likelihood approach. 

The research can be credited for its two-pronged 

approach whereby in addition to estimating 

efficiency, determinants of X-efficiency were 

also modelled. Analysis of the study`s results 

revealed that the 14 firms under study were 

operating at only 7% above the cost-efficient 

frontier. Additionally, variables inclusive of 

domestic market share as well as company size 

were reported to significantly explain X-

efficiency. The finding on the impact of company 

size on X-efficiency was however not confirmed 

by Hardwick, Adams and Zou (2011) who 

reported otherwise. 

A study by Hardwick, Adams and Zou (2011) 

focused on examining the effects of company 

characteristics on profit efficiency in the UK 

long term insurance industry. Through a 

parametric SFA approach, second-stage 

regression models were estimated to ascertain the 

impact of company-specific characteristics on 

profit efficiency. The estimated frontier was 

employed in the computation of efficiencies 

namely economic, scale as well as total 

efficiency for different company groups. The 

main finding of the analysis revealed that firm-

specific characteristics proxied by board 

characteristics, tend to have a negligible effect on 

firm efficiency. Accompanying the findings is 

the realization that insurers` profit did not exhibit 

any positive link with risk proxies. In relation to 

firm size, concavity was registered in relation to 

firm efficiency.  

Estimating cost efficiency for 243 short term 

insurance companies in France, Fecher et al 

(1993) used a hybrid of Data Envelopment 

Approach (DEA) and SFA. Results obtained 

indicated that the companies were operating with 

costs 50% above the efficient frontier. In addition, 

findings showed a high correlation between the 

two approaches. However, a relatively wide 

dispersion in the rates of inefficiency across the 

companies under review was noted.  

In a bid to analyze the behavior of insurance firms 

following the liberalization of the European 

insurance sector, Kasman and Turgutlu (2011) 

used firm-level data to estimate a SFA that 

controls for differentials in environmental 

conditions. In their study, major insurance firms, 

four new entrants and one candidate country were 

considered. The study`s findings revealed an 

average cost efficiency of 88.2% which was 

argued to be mainly driven by small-to-medium 

sized firms as compared to their large sized 

counterparts. This finding is suggestive of a 

scenario where more economies of scale were 

registered for the small-to-medium sized firms.  

In a comprehensive efficiency analysis of the non-

life insurance market in South Africa, Alhassan 

and Biekpe (2015) examined the effect of 

competition on cost and profit efficiency in the 

South African non-life insurance market in a 

three-stage analysis. The authors employed the 

three-stage model using annual firm level data on 

80 non-life insurance companies in South Africa 

from 2007 to 2012. In the first stage employed the 

stochastic frontier analysis (SFA) to estimate cost 

and profit efficiency scores. Firm size, 

diversification, age, risk, reinsurance and leverage 

are employed as control variables while invested 

income was used as the output variable. The 

findings from this research from SFA had an 

average cost and profit efficiency of 80.08 and 

45.71 per cent respectively indicating that non-life 

insurers have high levels of efficiency in cost and 

low efficiency in profit.  
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3. METHODOLOGY 

In the quest of achieving the study`s objective, a 

model by Alhassan and Biekpe (2015) was 

adopted. The model utilizes the stochastic frontier 

analysis technique to estimate both cost and profit 

efficiency of 28 non-life insurance companies in 

Zimbabwe for the period 2010 to 2017. 

3.1 Cost and Profit efficiency 

To estimate cost efficiency, the total cost of an 

insurer, C (an aggregation of labor, capital and 

recurrent expenses.) is defined as a function of 

output vector y, input prices, w and the error term 

ε. The error term is decomposed into the 

inefficiency term, u and random factors, v which 

account for measurement errors and statistical 

noise. The cost function can be expressed in 

vector form as depicted in (1)  

 

   𝐶𝑖,𝑡 = 𝑓(𝑦𝑖,𝑡, 𝑤𝑖,𝑡, 휀𝑖,𝑡)   

 (1) 

where i and t denotes cross sections that is the 

insurance entity and time period respectively. The 

two-sided error term, ε is also defined as:  

휀𝑖,𝑡 = 𝑢𝑖,𝑡 + 𝑣𝑖,𝑡 (2) 

𝑢𝑖,𝑡 is the inefficiency component; 𝑣𝑖,𝑡, the 

measurement errors and other random factors. 

In line with SFA convention, equation 1 can be 

transformed into log function as follows; 

 𝑙𝑛𝐶𝑖,𝑡 = 𝑓(ln𝑦𝑖,𝑡; ln𝑤𝑖,𝑡) + ln𝑢𝑖,𝑡 + ln𝑣𝑖,𝑡 (3) 

To estimate the alternative profit frontier, a model 

by Berger and Mester (1997) is adopted. Using the 

model, (1) and (3) can be transformed after taking 

into account profit after tax into the following 

equations; 

   𝜋𝑖,𝑡 = 𝑓(𝑦𝑖,𝑡, 𝑤𝑖,𝑡; 휀𝑖,𝑡)  (4) 

 ln(𝜋𝑖,𝑡 + 𝜃) = 𝑓(ln𝑦𝑖,𝑡; ln𝑤𝑖,𝑡) − ln𝑢𝑖,𝑡 + ln𝑣𝑖,𝑡

 (5) 

where θ is a constant added to the profit of each 

insurer. The constant is defined as the addition of 

the minimum absolute value of profits to one. 

Hence the dependent variable is defined by 

ln(π+min|π|+1). This is done to obtain positive 

values to allow for logarithmic transformation of 

negative profits (Maudos et al., 2002; Hardwick et 

al., 2011). 

 

The translog cost function, (6) is modelled basing 

on the works of Christensen et al. (1973) and is in 

line with Hao and Chou (2005).  
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Where:  

 ln  is the natural logarithm 

 tc resembles total cost of the insurance firm 

 y1  denotes  total claims 

y2 denotes investment income 

 w1 denotes prices of labor and business services  

w2 denotes price of debt capital 

 w3 denotes price of equity capital 

e represents equity capital.  

α, β and δ are parameters which will be estimated. 

Assuming that residuals follow truncated normal 

distributions and a time-varying efficiency term, 

the maximum likelihood estimation technique is 

used to estimate the parameters of the translog 

functions. The presence of inefficiency in the 

model is defined by the variance ratio given as, 

𝛾 = 𝛿2/(𝛿2
𝑢 + 𝛿2

𝑣).  

Where; 
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 γ explains the proportion of error term 

attributable to the inefficiency term, u while v 

represents the random error term. γ lies between 0 

and 1 with values closer to 1 indicating most of 

the deviations from the efficient frontier as a result 

of managerial inefficiency. On the other hand, 

efficiency scores also follow a 0 to 1 scale with 

values closer to 1 reflecting higher levels of 

efficiency. 

 

4. EMPIRICAL RESULTS

Table I: Descriptive statistics 

Variable Obs Mean Std.Dev. Min Max 

Cost 140 16354.66 3116.5 6009 26781 

Profit  140 9141.97 1871.59 3086 17265 

      
Outputs       

Y1 140 14502.96 2226.51 4869 21743 

Y2 140 2706.67 256.27 748 3165 

      
Input prices       

pl 140 468.27 363.18 28 1616 

pd 140 1.34 0.4215 0.1505 2.03 

pk 140 10.53 13.96 0.2875 65.48 

Source: Own computation from research data 

The min-max statistics in Table 1 are indicative of 

different operating horizons in terms of firm size 

for the firms considered in the study. The 

dispersion in terms of costs between 6 009 million 

and 26 781 million as well as of profits between 3 

086million and 17 265million bears testimony to 

the assertion for 140 observations. Wide 

dispersion can be noticed in terms of input prices 

that is price of labour, debt and capital (pl, pd and 

pk). The other statistics pertaining to mean and 

standard deviations are shown in Table 1.  

 

4.1 Evolution of efficiency

Table II: Profit and Efficiency scores  

 

COST EFFICIENCY 

 

PROFIT EFFICIENCY 

Years Mean SD Mean SD 

2010 0.9848 0.0294 0.7356 2.1827 

2011 0.9855 0.0175 0.8818 0.7256 

2012 0.9850 0.0204 0.8779 0.6270 

2013 0.9848 0.0194 0.8455 1.1515 

2014 0.9852 0.0204 0.8733 0.6975 

2015 0.9855 0.0231 0.8220 0.9991 

2016 0.9854 0.0146 0.8246 0.8749 

2017 0.9847 0.0329 0.7922 1.4632 

Average 0.9851 0.0222 0.8316 1.0902 

Source: Own computation from research data (refer to Table III for the parameter estimates of the SFA. 
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Results presented in Table II relates to predicted 

profit and efficiency scores. An average cost 

efficiency score of 0.9851 was registered for non-

life insurers in Zimbabwe. The result implies that 

the insurance firms are only 1.49% shy of the best 

practice. A comparison with results from other 

regional studies revealed this efficiency score is 

the best in the Southern African Development 

Community (SADC) region. Alhassan and Biekpe 

(2015) registered a cost efficiency score of 0.8008 

for South Africa`s insurance sector. The efficiency 

score for profit is slightly lower than that of cost 

as it was reported to be 0.8316. this implies that 

the firms were earning 83.16% of their full profit 

potential. This is 16.84% shy of 100% which 

represents full potential.  

The obtained results on cost efficiency are 

suggestive of a cocktail of competencies with 

regards to operations of the firms under 

consideration. Firstly, the results reveal the firms` 

capabilities of avoiding hazards in the insurance 

sector with fraudulent claims standing out as chief 

amongst major hazards. Additionally, the results 

suggest that overall, costs remain curtailed within 

the industry. The results may be attributed to 

efficient premium and claims management. A 

cocktail of these assertions can be argued to 

positively impact on profit efficiency given the 

high correlation between costs and profits. 

Economic intuition suggests that when costs are 

kept low, profits tends to respond positively.   

 

Table III: Cost and profit efficiency frontier estimates 

 

Cost efficiency 

 

Profit efficiency 

  Parameters Coef. z Coef. Z 

Constant α0 -283.364 -6.34 -276.069 0.000 

y1 α1 66.376 4.16 101.280 0.000 

y2 α2 -36.301 -2.09 -72.426 0.001 

0.5y1
2 α3 -5.230 -2.74 -4.218 0.072 

0.5y2
2 α4 9.702 2.65 21.771 0.000 

y1y2 
 

α5 -2.059 -0.98 -7.926 0.003 

wl β1 -7.660 -3.11 0.073 0.137 

wd β2 -1.010 -0.22 -0.172 0.002 

0.5wl2 β3 0.012 0.39 -8.284 0.037 

0.5wd2 β4 -0.036 -0.91 -8.490 0.107 

wlwd β5 -0.080 -2.64 -0.114 0.011 

y1wl                                   γ1 0.905 3.34 0.504 0.184 

y1wd γ2 -1.056 -4.08 -1.017 0.004 

y2wl γ3 -0.186 -0.47 0.375 0.534 

y2wd γ4 1.373 2.05 2.193 0.006 

e δ1 20.057 5.26 20.496 0.001 

e2 δ2 -0.080 -5.46 -0.049 0.012 

y1 e δ3 -0.377 -1.05 -0.081 0.881 

y2 e δ4 -1.904 -3.11 -2.337 0.023 

wle δ5 0.063 2.14 0.029 0.489 

wde δ6 0.130 3.38 0.176 0.000 

years τ 0.015 2.18 -0.003 0.723 
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Variance parameters 

     σu 

 

0.3487 1.64 0.852 

 σv 

 

0.0819 5.81 0.074 

 λ 

 

4.2586 20.08 11.571 

 δ2 

 

0.1283 

 

0.7320 

 γ 

 

0.9476 

 

0.948 

 
      Wald χ2 

 

2316.610 

 

1750.84 

 Prob> χ2 

 

0.000 

 

0.0000 

 Log likelihood 

 

100.064 

 

41.356 

 Insurers 

 

19 

 

19 

 Observations    140   140   

Source: Own computation 

Both profit and cost efficiency could have been 

caused by the ability to control resources among 

non-life insurance companies in Zimbabwe. these 

resources include, among others, manpower, 

machines, and materials at each level of the 

organization.  In addition, according to Berger and 

Hannan (1998), high profit inefficiency compared 

to costs could be attributable to output side 

inefficiencies from mispricing of insurance 

products and low returns on premium investments 

to reflect inefficiency on the revenue side of non-

life insurers. Furthermore, variations in cost and 

profit efficiency scores is consistent with 

empirical findings by Alhassan and Biekpe 

(2015). Lastly, the findings from this study 

indicates that there is a strong correlation between 

estimated cost ad profit efficiency scores which 

suggests that cost efficient insures are likely to be 

profit efficient insurers too. This result however is 

at variance with regional findings by Alhassan and 

Biekpe (2015) in South African insurance industry 

who reported that insurers had high levels of 

efficiency in cost and low efficiency in profit.  

5. CONCLUSION 

 The study estimated the cost and profit efficiency 

scores for Zimbabwe`s non-life assurance 

companies. This was achieved using the 

Stochastic Frontier Approach (SFA). The 

methodological approach was a hybrid of works 

by Jondrow et al (1982) and Battese and Coelli 

(1995). Overall results indicated that insurance 

firms under study were on average 98.51% 

efficient in terms of cost management and or 

containment. In relation to profit efficiency score, 

83.16% was reported. The combined findings of 

the research lands perfectly well into economic 

intuition which dictates a strong link between 

costs and profitability. The study underscored the 

importance of modelling costs and profits for 

insurance firms given that their success is 

underpinned on their prowess in curtailing and 

containing costs. It is therefore of paramount 

importance that costs and profits be tracked given 

that insurance works under resource pooling 

mechanism. As a way of recommendation to 

insurance firms, the study highly recommends 

continuous improvements in operations. This 

entails amongst others, investing in cost reducing 

technologies that enhances both claims 

management and Know Your Customer (KYC) 

details. This safeguards firms from adverse 

selection and probable fraudulent claims which 

has documented effect of shrinking resource pool. 

As a way of suggestion for future studies, the 

study recommends an in-depth research on both 

the determinants of costs as well as profit for non-

life insurance firms.  
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