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Abstract 
This paper uses risk assessment of socio-economic and environmental indicators to develop criteria for 
apportionment (AP) of funds to communities impacted by mining activities within a Forest Reserve environment 
in Ghana. A t-test statistic of assessment data shows that factors such as; cost of living, health conditions, air 
pollution, water contamination, land degradation and distance (D km) are significant. Ratings of the factors using a 
1-5 intensity scale to determine risk values (RV) for communities indicate that RV of 25 requires no remediation, 
while (25-RV) is remediation factor. A long-term AP criterion using the ranked risk (RR) values is defined by the 
equation APRR%=7.45-0.233(RR) with R2 of 0.961. Based on this criterion, communities D and S which are 
located at 1.5 and 16.1km from the mining focus have APRR values of 7.23% and 2.26%, respectively. APRR% in 
relation to distance is defined by the equation APRR%=7.22-0.281(D) with R2 of 0.647. RR-dependent distance 
equation (APD %) is used to deduce a short-term criterion defined by K*APD%=4.13-0.097(RR), where K is a 
constant. The expression of (APRR-K*APD) represents the residual apportionment required after a long-term 
assessment. The findings in this research demonstrate well-defined patterns that can be replicated for similar future 
projects. 
Keywords: apportionment, consequence, likelihood, environmental, remediation, risk rank  
1. Introduction 
Organised mining has been going on in Ghana since the late 1880s and contributes greatly to the local economy 
(Aryee, 2001). In spite of the fall in production and price of gold in recent years, the mining sector contributed 
some $4 billion to Ghana’s economy in 2015 (GBN, 2016). Higher revenue is expected due to the high potential 
for increased mineral exploration activities within the numerous mineral-bearing zones of the western half of the 
country (Leube et al., 1990).  
The desire to increase revenue from mining triggered the inception of a Mineral Sector Reforms policy in Ghana in 
the mid-1980s (Akabzaa, 2000). This move resulted in increased mining activities and associated negative impacts 
on communities (Awudi, 2002). The impacts are exacerbated by the extension of mining concessions into Forest 
Reserves, however, not good enough policies are implemented to ensure effective mitigation (Akabzaa & 
Darimani, 2001).  
Mining impacts often result in conflicts between impacted communities and mining companies, until adequate 
compensations are paid to the communities (Filer et al., 2000; Ayitey et al., 2010; Kidido et al., 2015). Solving 
mining impact problems permanently require the assessment of the impacts on the communities to establish 
criteria that can be used to effect the payment of compensations. Unfortunately, however, procedures for assessing 
impacts are non-existent or not implemented in most developing countries due to the lack of effective legislation 
(Akabzaa, 2000).  
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Filer et al. (2000) outlined compensation procedures using impact records collated over a total time period from 
1969 to 1997 in seven mining areas in Papua New Guinea. The assessment was based on (1) available legal 
frameworks and land use valuation and, (2) perceptions of stakeholders about factors leading to compensation 
issues. Results show that compensation models developed lack standards and do not demonstrate statutory 
compliance. The models are also not sufficiently detailed and do not follow any specific patterns, and hence, could 
not be replicated for similar projects without provoking serious complications. The authors recommended that all 
stages of the resource development process should be involved in the evaluation process to capture more factors 
for the assessment. 
In Ghana, impact studies of the activities of Newmont Gold Ghana Limited (NGGL) in the Ahafo and Akyem 
mines environments was reported in Ayitey et al. (2010) and Kidido et al. (2015). At the time, a total of 100 
displaced farmers were interviewed, while group discussions were held among all other environmental 
stakeholders. Results of the studies show that the criteria established is substandard, as about 80% of the farmers 
were not pleased. The weakness of the criteria may probably be due to the general characteristics of the parameters 
and the small sampling size used for the assessment, considering the large coverage of the NGGL operations. 
As outlined in Filer et al. (2000) compensation models to deal with social disintegration (Filer, 1990) and 
environmental injustice (O’Faicheallaogh, 1992) are based on private land ownership and so, may not be effective 
in this research. In Forest Reserve settings, land valuation is of less priority as an assessment tool for addressing 
community issues since the state owns the land and prohibits the users from cultivating crops that may attract huge 
future compensations. 
The reduced role of land valuation as a parameter shifts the assessable factors determination from the domain of 
the environmental and government agencies to the domain of the communities and the developers. Under the 
circumstances, the developers are compelled to provide environmental impact data, while socio-economic impact 
data are generated from the communities. These sources of data may provide useful and expanded scheme that is 
essential for formulating good patterned criteria to address the apportionment issues. 
Public perception of environmental and socioeconomic indicators are tools used to prioritize the concerns of 
communities in less developed settings (White & Hunter, 2005). During the data acquisition, conflicting concerns 
may arise that are often difficult to resolve (Hunter, 2006). That notwithstanding, such issues are reconciled and 
used in shaping policy decisions (White & Hunter 2005; Anderson et al., 2007; Harris, 2006) and environmental 
and economic security (Dietz et al., 2005; Xiao & McCright, 2007). 
During the inception of the Mineral Sector Reforms policy in Ghana, some mining companies were permitted to 
undertake exploration programmes in Production Forest Reserves, but under strict guidance. Consequently, this 
situation led to the entrenched deprivation of the rights of the communities to effective land use and access to 
good environmental and socio-economic conditions, among other benefits. To alleviate the plight of the 
communities, payment of compensations using an effective criterion of apportionment was deemed necessary.  
Aside from the criterion for the apportionment of funds, the availability of funds to achieve the set goals is 
another critical issue (e.g. Banks, 2009). In Ghana, however, mining sector guidelines mandate that mining 
companies operating within Production Forest Reserves environments are levied with a 0.6% additional royalties 
(Awudi, 2002) to generate funds for the payment of compensations to impacted communities. Formulating a 
good criterion for the apportionment of the funds requires the use of appropriate metrics acceptable to all the 
stakeholders.  
Kanani & Zandi (2008) and InfoMine (2013) noted that baseline and monitoring data on project impacts may be 
used as indicators to establish risk levels for designing an apportionment criterion. The selection of impact 
indicators for the assessments are mostly without any specific standards and frameworks (Birkmann, 2007). 
Streamlining this, monitoring data can be characterised to establish useful relationships for use (Dietz et al., 
2005; Hunter, 2006).  
Asante-Duah (1996) noted that input data can be statistically manipulated to transform complex field 
information into likelihood and Consequence forms. The author further emphasised that such transformed data 
can be used for analysis or modelling, or a combination of the two to establish case-specific responses to site 
management problems. These steps can be cumbersome and may delay projects due to the inability of 
stakeholders to pay compensations at the early stage of a project since impact data are yet to be generated. 
A mining project within Production Forest Reserves environment in the Western region of Ghana was started in 
1994. The mining activities in the area, however, has deprived host communities of their dependency on the forest 
resources as a source of various forms of livelihood activities that require adequate payment of compensations. For 
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respondents at 5% level of significance was considered adequate for analysis for a population of about 33 000 
(Modern Ghana, 2018).  
The ages of the respondents are from 30 years and above since the period of impact is about 20 years; this age 
bracket was considered good enough to provide clear evidence between pre-mining stage and mining stage 
impacts. The research area is located in the Western Region of Ghana (Figure 1) and characterised by a 
north-westerly oriented mountainous terrain that rises to about 200-450 m above sea level.  
The climate is the tropical type with dry and wet seasons extending from November-February and May-October, 
respectively. Mean temperature range is 24.6-29.2°C (GMET, 2016). About 75% of the vegetation is the high 
forest zone type. Paleoproterozoic Birimian rocks characterized by abundant gold deposits occur in the area (Yao 
& Robb, 2000).  
2.2 Significance and Correlations of Impact Factors 
Normality tests were used to estimate p-values to establish data significance. A p-value <0.05 confidence level 
(CL) indicates rejection of a null hypothesis, hence the data is not significant. A p-value >0.05 CL indicates a 
failure to reject a null hypothesis, hence the data is significant. Finally, p-values very close to 0.05 CL are 
considered marginal and could go either way. The correlation coefficient was used to interrelate the indicators. 
The sizes of the correlation coefficient are classified as 0.90-1.00 is interpreted as very high, 0.70-0.90 is high, 
0.50-0.70 is moderate, 0.30-0.50 is low and 0.00-0.30 is termed very little if any (Hinkle et al., 2003). 
2.3 Impact Rating and Risk Assessment 
Within a similar terrane in Ghana, degradation patterns of air particulate matter discharged from an ore roasting 
plant, and trace metals concentrations in streams were studied by Sarkodie et al. (1997), Foli et al. (2012) and Nude 
et al. (2016). These studies show that the contaminants reduced from discharge concentrations to the non-detection 
at 16 km away. Distances >14 km is rated 5, indicating negligible likelihood while 0-3 km is rated 1, and indicate 
disastrous likelihood. Impact intensity ranging from 80 to 100% indicate disastrous consequences, while the range 
from 0 to 20% indicates negligible consequences. The above rating criteria are presented in Table 1. 
 
Table 1. Impact rating criteria 

Likelihood (L) km  Consequence (C) % Rating Impact description 
>14 0-20 5 Negligible 
9-14 21-40 4 Slightly Significant 
7-9 41-60 3 Significant 
3-7 61-80 2 Highly significant 
0-3 80-100 1 Disastrous 

From Table 2, the risk value (RV) was calculated as the product of likelihood (L) and consequence (C) of the 
impact of impact indicators on the affected communities.   
2.4 Apportionment Criterion of Compensations 
A maximum RV of 25 from the product of L and C constitutes a perfect condition requiring no remediation, while 
the least RV of 0 requires a maximum remediation. RV ranges of 16-25, 8-15.9 and 1-7.9 are classified as High, 
Medium and Low impacts, respectively. The difference between a variable RV and 25 attracts a remediation factor 
(RF) such that a variable (RF)i is defined by: 

 (RF)i = (25-RV)i .. . (1) 
Apportionment (AP) may then be calculated using equation (1) as expressed in equation 2:  

 (AP)I = 𝑹𝑭𝒊𝑺𝒖𝒎 𝑹𝑭 %..  (2) 

3. Results and Discussions 
3.1 Evaluations of Impact Indicators  
The percentage responses from the selected communities to all the factors under socio-economic indicators were 
assessed for p-values at 95% confidence level (CL) using the Anderson-Darling test criteria in the Minitab release 
14 software are listed in Table 2. 
 
 



enrr.ccsenet.org  Environment and Natural Resources Research  Vol. 8, No. 3; 2018 

197 

Table 2. Socio-economic indicators 
Impact factors Social Economic Health  
Community AL  St NA Pr  MP   CoL UC Cold Cough 

A 29.0 12.0 12.0 64.7 17.6 59.0 82.4 82.0 41.0 
B 20.0 29.0 10.0 15.0 14.3 36.0 28.6 12.0 14.0 
C 41.0 9.1 14.0 27.3 22.7 55.0 52.4 40.0 35.0 
D 93.0 79.0 14.0 92.8 85.7 100 92.8 93.0 93.0 
E 2.9 0.0 0.0 2.9 0.0 2.9 2.9 21.0 8.8 
F 12.0 0.0 6.1 15.2 6.1 50.0 3.0 8.6 42.0 
G 8.3 0.0 0.0 16.7 33.3 75.0 4.3 39.0 21.0 
H 33.0 31.0 7.5 35.0 22.5 40.0 57.5 53.0 50.0 
I 69.0 77.0 69.0 76.9 83.3 100 92.3 92.0 92.0 
J 0.0 0.0 0.0 0.0 4.3 22.0 95.7 83.0 74.0 
K 25.0 29.0 4.2 4.2 16.7 38.0 70.8 29.0 50.0 
L 17.0 25.0 21.0 25.0 65.8 88.0 90 92.0 88.0 
M 6.5 0.0 3.2 16.1 0.0 13.0 57.7 44.0 41.0 
N 12.0 5.9 5.9 29.4 0.0 18.0 0.0 5.9 5.9 
O 0.0 0.0 0.0 0.0 0.0 0.0 23.8 14.0 14.0 
P 7.4 11.0 3.7 48.1 7.4 56.0 70.4 70.0 56.0 
Q 26.0 30.0 8.7 30.4 30.4 44.0 95.7 87.0 26.0 
R 23.0 33.0 3.3 13.3 33.3 70.0 53.3 27.0 53.0 
S 5.3 8.7 4.3 4.3 4.3 26.0 26.1 9.1 18.0 
T 46.0 57.0 9.1 50.0 4.5 82.0 50.0 50.0 50.0 

p-value 0.034 <0.005 <0.005 0.034 <0.005 0.914 0.111 0.060 0.263 
In table 2, all the social factors, and the use of medicinal plants have p-values <0.05CL and therefore not 
significant for use for interpretations. Cost of living (CoL) and the health factors have p-values >0.05CL and hence 
are significant for interpretations. Similarly, data on the environmental indicators, categorised under air pollution, 
water pollution and land degradation, and also distance (D km) from mine focus are presented in Table 3. 
In table 3, all the factors have p-values >0.05CL and hence are significant for interpretations. All the established 
significant factors were the correlated as presented in Table 4. 
In table 4, economic and health factors correlate as 0.613; both factors correlate best with land degradation and 
least with water pollution. The high correlation of 0.709 of economic indicators and land degradation suggests a 
high dependency on land for livelihood activities. Air, water and land factors correlate highly from 0.722 to 0.834 
and suggest that land degradation leads to erosion by both air and water actions. Distance correlates from -0.473 to 
-0.516 with the environmental factors with a decreasing intensity from a focus. The socio-economic impacts can 
be minimised by creating jobs, through the provision of education or alternative livelihood activities. The 
environmental indicators can also be addressed through environmental management planning and implementation 
(e.g. Foli et al., 2010). From table 1, the significant factors in tables 2 and 3 were ranked and used to calculate the 
consequence and likelihood of impact as presented in tables 5. 
Table 3. Environmental indicators 

Impact factors Dkm Air  Water  Land  Community Noise Dust Subsurface Surface  
A 7.5 70.6 47.1 52.9 82.4 64.7 
B 6.6 100.0 85.7 100 92.9 71.4 
C 6.2 22.7 40.9 40.9 31.8 27.3 
D 1.5 100.0 100 42.9 92.9 100 
E 3.1 73.5 36.4 58.8 73.5 23.5 
F 6.1 27.3 51.5 39.4 90.9 33.3 
G 10.3 50.0 25.0 41.7 33.3 58.3 
H 8.7 52.5 85.0 60.0 20.0 50.0 
I 2.0 100.0 92.3 84.6 53.8 84.6 
J 11.1 0.0 0.0 0.0 0.0 0.0 
K 8.2 8.3 37.5 54.2 58.3 37.5 
L 3.6 75.0 87.5 83.3 58.3 54.2 
M 8.0 3.2 61.3 51.6 74.2 41.9 
N 8.5 5.9 35.3 23.5 5.9 11.8 
O 4.8 47.6 9.5 23.8 23.8 23.8 
P 13.5 7.4 63.0 37.0 7.4 29.6 
Q 14.7 13.0 30.4 21.7 30.4 18.3 
R 11.3 80.0 76.7 56.7 40 36.7 
S 16.1 60.9 52.2 34.8 47.8 30.4 
T 6.8 72.7 59.1 63.6 36.4 54.5 

p-value 0.846 0.093 0.752 0.573 0.543 0.617 
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Table 4. Correlation of significant impact factors 
Factors Economic Health Air  Water  Land  
Dkm -0.268 -0.148 -0.473  -0.547  -0.516 
Economic 0.613 0.611  0.331  0.709 
Health 0.263  0.047  0.384 
Air Pollution 0.740  0.834 
Water Pollution   0.722 

 
Table 5. Consequence and Likelihood rating of impact factors 

Community Dkm 
Socio-economic Environmental   

Consequence (C) Likelihood (L) Severity  Rating  Severity Rating 
A 7.5 63.8 2 63.7 2 2 3 
B 6.6 27.1 4 86.9 1 2.5 2 
C 6.2 48.8 3 31.8 4 3.5 2 
D 1.5 96.5 1 89.3 1 1 1 
E 3.1 6.9 5 48.2 3 4 2 
F 6.1 34.0 2 46.0 3 2.5 2 
G 10.3 48.2 3 44.4 3 3 4 
H 8.7 46.8 3 52.9 3 3 3 
I 2.0 96.1 1 83.3 1 1 1 
J 11.1 53.1 3 0.0 5 4 4 
K 8.2 44.0 3 38.9 4 3.5 3 
L 3.6 89.0 1 68.8 2 1.5 2 
M 8.0 30.3 2 45.7 3 2.5 3 
N 8.5 11.0 5 15.7 5 5 3 
O 4.8 8.7 5 25.4 2 3.5 2 
P 13.5 60.8 2 29.0 2 2 4 
Q 14.7 56.8 3 22.0 2 2.5 5 
R 11.3 57.2 3 54.5 3 3 4 
S 16.1 21.9 4 42.8 3 3.5 5 
T 6.8 66.0 2 56.8 3 2.5 2 

3.2 Apportionment Data Manipulation Using Ranked Risk Assessment Values 
In table 5, the Risk Value (RV) was calculated as (C*L), ranked in an increasing order of magnitude, designated as 
risk rank (RR) and used to calculate remediation Factor (RF) and Apportionment (AP) % values from equations 1 
and 2, respectively. Where multiple sites have the same AP% value the site with the lower D km was given the 
advantage as presented in Table 6.  
 
Table 6. Remediation and Apportionment (AP) % values 

Community Dkm RR RFi (Eq. 1) APRR% (Eq. 2) Order of Priority (OP) 
D 1.5 1 24.0 7.23 1 
I 2 1 24.0 7.23 2 
L 3.6 3 22.0 6.63 3 
F 6.1 5 20.0 6.02 4 
B 6.6 5 20.0 6.02 5 
T 6.8 5 20.0 6.02 6 
A 7.5 6 19.0 5.72 7 
O 4.8 7 18.0 5.42 8 
C 6.2 7 18.0 5.42 9 
M 8.0 7.5 17.5 5.27 10 
E 3.1 8 17.0 5.12 11 
P 13.5 8 17.0 5.12 12 
H 8.7 9 16.0 4.82 13 
K 8.2 10.5 14.5 4.37 14 
G 10.3 12 13.0 3.92 15 
R 11.3 12 13.0 3.92 16 
Q 14.7 12.5 12.5 3.77 17 
N 8.5 15 10.0 3.01 18 
J 11.1 16 9.0 2.71 19 
S 16.1 17.5 7.5 2.26 20 
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From equation 4, the R2 value (R2
D = 0.647) indicates that 64.7% variation in AP RR% is determined by the 

relationship between APRR% and D km. The residual R² value (R2
D

1=0.353) indicates that 35.3% of the variation is 
unexplained; this value is greater than 5% CL, hence the model is invalid.  
For a valid distance-based model, the estimated distances were substituted in equation (4) and the results (APD)i 
multiplied by a constant ‘K’ such that [APRR-(K*APD)]i ≥0, to avoid negative values. In this research, K is defined 
as: [R2

D-(R2
D*R2

RR
1)] = R2

D (1-R2
RR

1)] = 0.647*(1-0.039) = 0.622, where (R2
D*R2

RR
1) is the component of the 

unexplained variation due to R2
D in R2

RR
1 (0.039). All the computations from the simulations outlined above are 

presented in Table 8. 
 
Table 8 

Communities(order of RR) APRR APD (APRR-APD) (K*APD) [APRR-(K*APD)] 
D (1) 7.23 6.80 0.43 4.23 3.00 
I (2) 7.23 6.66 0.57 4.14 3.09 
L (3) 6.63 6.21 0.42 3.87 2.76 
F (4) 6.02 5.51 0.51 3.43 2.59 
B (5) 6.02 5.37 0.65 3.34 2.68 
T (6) 6.02 5.32 0.70 3.31 2.71 
A (7) 5.72 5.12 0.60 3.18 2.54 
O (8) 5.42 5.88 -0.46 3.66 1.76 
C (9) 5.42 5.49 -0.07 3.41 2.01 

M (10) 5.27 4.98 0.29 3.10 2.17 
E (11) 5.12 6.35 -1.23 3.95 1.17 
P (12) 5.12 3.44 1.68 2.14 2.98 
H (13) 4.82 4.78 0.04 2.97 1.84 
K (14) 4.37 4.92 -0.55 3.06 1.31 
G (15) 3.92 4.33 -0.41 2.70 1.22 
R (16) 3.92 4.05 -0.13 2.52 1.40 
Q (17) 3.77 3.10 0.67 1.93 1.84 
N (18) 3.01 4.84 -1.83 3.01 0.00 
J (19) 2.71 4.11 -1.40 2.56 0.15 
S (20) 2.26 2.71 -0.45 1.68 0.58 

 

 
Figure 4 Composite Apportionment Chart 
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In table 8, the residual estimates (APRR-APD), which is computed without the constant ‘K’ contain negative values 
which are anomalous. This anomaly is due to the high unexplained R2 component (R2

D
1 value of 0.353) in the 

distance model, which is far above the alpha value of 0.05 CL. After multiplying the APR with the constant K, the 
residual [APRR-(K*APD)] become non-negative and used appropriately. The apportionments are presented in 
Figure 4. 
From Figure 4, it is evident that the distance model can be used as an input data at the pre-project stage. The 
advantage is that communities would remain at ease in anticipation of a residual payment at the closure stage, 
where there would be enough data for a risk assessment to compare with the provisional model. For a community 
that breaks even for a residual such as N, some arbitrary award from the environmental reclamation bond may be 
used as a token. 
4. Conclusions and Recommendations 
Significant impact factors in this research are; cost of living and health factors, air and water pollutions, land 
degradation and distance variations, while alcoholism, stealing, narcotic use, prostitution and medicinal plant use 
are not significant. A long-term apportionment (AP) criterion using risk rank (RR) of communities is defined by 
APRR%=7.45-0.233(RR). The APRR% model equation in terms of distance is defined by APRR%=7.22-0.281(D), 
leading to a short-term provisional apportionment criterion defined by K*APD=4.13-0.097(RR), where K=R2

D 
(1-R2

RR
1). The expression; (APRR-K*APD) is the residual apportionment value required in the long-term to 

complement the short-term provisional apportionment. The findings in this research show clearly defined trends 
that can be replicated for similar future projects. It is recommended that the methods of this apportionment 
compensation criteria be extended to areas beyond Forest Reserve environments as well. This will help achieve the 
global goals of environmental excellence in all facets of society, where mining projects are undertaken. 
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