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This study details the development of two reciprocal service cost allocation models. The first 
model was developed using a system of linear difference equations and the other with a system 
of simple linear equations. Both models were introduced for a manufacturing firm with at least 
one production department and more than one service department. It is assumed that  
A1: at least one service department will serve one or more production departments and all other 
service departments can serve any department(s).  
This is an extensive generalization of a paper presented earlier by the same author. Any set of 
allocation ratios chosen for the service departments satisfying this new assumption will lead to 
a matrix of the form (𝑂𝑂 𝐵𝐵

𝑂𝑂 𝐴𝐴), where the matrix 𝐴𝐴 = (𝜇𝜇𝑖𝑖𝑖𝑖) represents the matrix of reciprocal 

allocation between service departments and 𝜇𝜇𝑖𝑖𝑖𝑖 denotes the proportion of service department 
𝑗𝑗′𝑠𝑠 overheads assigned to service department i at each allocation. This matrix A is a non-
negative square matrix with at least one column sum less than one and all the other column 
sums less than or equal to one. For a meaningful setup in a manufacturing firm three further 
assumptions are made.   
A2:  No service department will serve only itself.  
A3:  No service department serves only one other service department.  
A4: There is no a group of service departments that serves only that group. 
To establish unique allocation of service costs to production departments with these models a 
few important results have been proved under the above assumptions. The first result is when 
each service department uses less than half of its service for itself, the second if matrix A is a 
positive or a non-negative irreducible matrix, and the third if A is a non-negative matrix with 
all entries 𝑎𝑎𝑖𝑖𝑖𝑖 < 1 .  The third result is new, and it reads ‘if a non-negative matrix 𝐴𝐴𝑛𝑛 =
(𝑎𝑎𝑖𝑖𝑖𝑖)𝑛𝑛×𝑛𝑛 has all entries less than one where one column sum of  𝐴𝐴𝑛𝑛 is less than one and all 
other column sums are less than or equal to one, then for all, 𝑛𝑛 ≥ 2, |𝐼𝐼 − 𝐴𝐴𝑛𝑛| > 0. Two 
corollaries to this result has also been proved. In all these results and corollaries unique solution 
to the models have been established. 
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Wetlands are characterized by a unique combination of water, soil and vegetation. They are 
among the most productive and important ecosystems on earth which render significant 
ecosystem services to the community. Water and vegetation in and around wetlands help in 
regulating the microclimate, specially lowering the temperature in the local environment.  
The present study attempted to investigate the cooling effects provided by Anawilundawa, a 
Ramsar site in Puttalam District where diverse land uses exist surrounding the wetland. Land 
Surface Temperature (LST) variation above different land use classes was investigated during 
the dry months of January, February, June and July of 2016 and 2020 in natural (water bodies, 
marsh, thick vegetation, grassland) and anthropogenic areas (built-up areas, coconut cultivation 
and bare lands). The LST values were obtained at 500m points along seven transect lines 
starting from the center of the water body and extending up to 7km over different land use areas 
and reaching towards the anthropogenic area. 
The mean LST over the wetland (24.10℃) was significantly lower than that of anthropogenic 
areas (25.01℃) (P<0.05). The temperature range, mean ± standard deviation for different land 
use areas were as follows: water body (23.21℃-24.67℃; 23.89℃±0.58), marsh (23.49℃-
25.94℃; 24.57℃±1.02), thick vegetation (22.99℃-25.03℃; 24.04℃±0.56) grassland (23.18℃-
25.93℃; 24.36℃±0.77), built up area (24.00℃-28.32℃; 25.40℃±1.40), coconut cultivations 
(23.19℃-24.23℃; 23.93℃ ±0.38) and bare land (24.54℃-26.39℃; 25.29℃ ±0.60). The lowest 
increase of LST was over the water body (+1.13℃) and the highest was over the built-up area 
(+4.32℃).  
Findings of this study presents important implications for policy makers to conserve wetlands 
for community well-being especially during the dry season and for climate change adaptations.  
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