
420

1. Introduction

Climate change which is mainly due to increasing greenhouse 
gases (GHG) emission is causing ozone depletion, rising temper-
atures, melting glaciers, and rising sea levels [1-3]. The relationship 
between fossil fuel consumption and subsequent GHG emission 
as well as the impacts GHG emission is having on the global 
climate has been researched extensively. Hence, it is generally 
agreed that in order to ensure the sustainability of the environment 
reducing the emission of GHG is needed and it is one of the key 
course of actions to minimize the negative impacts of climate 
change. 

In recent years environmental problems due to climate change 
attracted the attention of governments, non-governmental organ-
izations and researchers. At the international and national level 
efforts are undergoing to mitigate the impacts of climate change.

There is huge pressure on the developed and developing countries 
to reduce their GHG emission mainly from non-governmental organ-

izations, environmental activists and researchers. Most of the devel-
oped countries are concerned that measures to reduce GHG could 
harm their economies. While the developing countries also fear 
that GHG emission reduction measures might slow down their rapid 
economic development. In addition the developing countries are 
putting the blame on the developed countries for the current deterio-
ration of environmental quality and are stating that they have the 
right to promote their economic development. Therefore, even 
though studies showed and predicted the significant impacts climate 
change could have on the environment, the differences between 
the developed and developing countries on how to allocate emission 
rights and responsibilities is hindering the implementation of emis-
sion reduction plans like the Copenhagen Accord [4-5]. 

As it is sated above GHG emission reduction is one of the 
main measures that should be taken in order to abate the negative 
impacts of climate change. But reducing emission can have major 
impacts on economic development too. Hence when it comes to 
defining, responsibilities, obligations and adjusting interests, states 

Environ. Eng. Res. 2016; 21(4): 420-426 pISSN 1226-1025
http://dx.doi.org/10.4491/eer.2016.071 eISSN 2005-968X

Two-stage concession game approach for analyzing greenhouse 
gases emission reduction schemes
Liang Yuan1, Weijun He2,3,4, Dagmawi Mulugeta Degefu2,3†, Kim Soonja3, Shen Juqin1,5, An Min1,5

1School of Business, HoHai University, Nanjing 210000, China
2Collborative Innovation Center of China Three Gorges University, Yichang 443002, China
3School of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang 443002, China
4College of Economics and Management, China Three Gorges University, Yichang 443002, China
5Institute of Environmental Accounting and Assets Management, Nanjing 211100, China

ABSTRACT
Climate change imposes a huge treat on the sustainability of our environment. One of the major reasons for the increasing impacts of climate 
change is the emission of greenhouse gases. Therefore, cooperative greenhouse gas emission reduction schemes with a general consensus are 
needed in order to reduce the impacts of climate change. Due to the strong link between greenhouse gas emission and economic development 
there is disagreement among countries on the designing and implementation of emission reduction plans. In this paper the authors proposed 
a two-stage concession game to analyze emission reduction plans and determine a balanced emission range that improves the utilities of the 
bargaining parties. Furthermore the game was applied to a hypothetical example. Our results from the case study indicated that even though 
the utilities of the bargaining parties is highly affected by emission reductions, after making concessions their utilities can be improved given 
their emission reductions are within in a certain desirable range. The authors hope that this article provides insights which could be useful 
for understanding emission reduction plans and their consequences on the negotiating parties.

Keywords: Concession game, Cooperation, Game theory, Greenhouse gas, Pareto improvement

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons. org/ licenses/by-nc/3.0/) which per-

mits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Copyright © 2016 Korean Society of Environmental Engineers

Received May 16, 2016  Accepted September 2, 2016

† Corresponding author
Email: dagmawimulugeta@outlook.com
Tel: +86-1554-9384231   Fax: +86-0717-6392301



Environmental Engineering Research 21(4) 420-426

421

often engage in political game. This is mainly because there is 
no enforcing authority and the countries have strong desire to 
maximize their economic benefits [6]. Such a scenario leads to 
“prisoner’s dilemma’’ situation there by causing environmental 
pollution. Therefore, finding the right compromise between the 
GHG emission reduction and economic development is crucial. 
How much should the emission reduction of each country be? 
The answer for this and other important questions concerning 
the emission reduction are still a bone of contention among the 
countries. The most important reason for the lack of agreed upon 
emission reduction schemes is the asymmetry that exists among 
the countries in terms of their socio-economic and environmental 
status. Therefore finding emission reduction scheme which caters 
to every country’s needs is very challenging. 

Nowadays, researchers are using different methods and theories 
in order to design emission reduction plans with a general 
agreement. Some researchers formulated emission rights and ana-
lyzed the problem as an issue of property rights using the Coase 
theorem [7-10]. They used the concept of “pollution rights” and 
tried to solve the problem through negotiation. But it is hard to 
build stable cooperation among the negotiating parties, since there 
are differences between the actual market structure and ideal mar-
ket structure [11]. 

Optimization methods can be used to find the values for workable 
scenarios for various problems other than GHG emission reduction, 
for instance [12-18]. Game theoretic optimization solutions are 
one of the analytical methods that can be applied to solve GHG 
emission reduction problems. In order to ensure fair and stable 
cooperation, scholars are using game theory to analyze negotiation 
and cooperation efforts for GHG emission reduction [19-28]. These 
papers are highly focused on analyzing the relationship between 
different countries rather than analyzing the impacts of emission 
reduction on their utilities. Therefore, a methodology that analyzes 
the impacts of greenhouse gas emission reduction on the utilities 
of the negotiating countries could provide strategic information 
which might be useful for building sustainable cooperation among 
the countries. In this article assuming that countries will take 
measures to reduce the impacts of climate change and among 
these measures greenhouse gas emission reduction being the main 
one, the authors established a game theoretical model to analyze 
the main policy choices of bargaining parties during GHG emission 
reduction negotiations. Furthermore, the game theoretical model 
was applied to a two agent hypothetical case study and then the 
balanced emission reduction range which is pareto-improving for 
the negotiating parties was determined.

The rest of the article is organized as follows. The second section 
describes the concession game model parameters and rules. The 
third part analyzes and discusses the concession game. The fourth 
section presents and discusses the results obtained by applying 
the model to a hypothetical example proposed in this article. The 
fifth part summarizes and concludes the paper. 

2. Methods

In this part of the article the authors put forward the rules and 
assumptions that are used in the rest of the article. In order to 

simulate the ongoing international negotiations for GHG emission 
reduction from here on the term ‘‘coalition’’ will be used to refer 
to the negotiating parties. The game is divided into two stages. 
In the first stage   the two coalitions negotiate to make 
concessions. In the second stage    concessions to reduce 
GHG emission are realized. Such approach converts the static 
concession game in to a dynamic one. At the end of the concession 
both coalitions are expected to reduce their status quo emission 
levels.

Both coalitions will take in to account their interests that will 
be affected by implementing emission reductions and their econo-
my is the main one.


 

 ⋯ 
   

 
 ⋯ 

   (1)

 (•) and (•) are reduction functions for the two coalitions  , 


 

 ⋯ 
  and 

 
 ⋯ 

  are emission reduction decision 

variables. The coalitions’ emission reductions are dependent on 
their emission reduction decision variables and each other’s emis-
sion reductions.

Suppose  (•) / (•) . Where  is the concession of coalition
 relative to coalition . This approach helps to protect the interests 
of the negotiating coalitions and avoid the cost associated with 
taking too much time to reach a compromising decision on emission 
reduction. Now suppose that the two coalitions carried out con-
cessions based on their negotiation strategy.  

∈ 
  is the 

amount of emission reduction coalition  made at    based 
on its status quo emission variable 

 . The Nash equilibrium 

decision value for coalition  at    is 
 . The respective emission 

reduction for coalition  is  
 . If coalition  reduce 

 the same 

applies for coalition  who is involved in the emission reduction 
game with coalition .Hence, the following equality is satisfied.


  

  
 ≥ 



 
  

  
 (2)

Eq. (2) represents the amount of reduction each coalition makes 
during   . Eq. (2) also shows that each coalition has 

  and 
  as decision variables. Winner or loser in the negotiation process 
is determined by the bargaining power of the negotiating parties.

At    the rule to judge the winner and the loser in the negotia-
tion process is marked out as follows;

                     

 


     


     




     


                           >                (3)
 



    


     
 



    


Simplifying Eq. (3) leads to;









 







⇒   












 






(4)



L. Yuan et al.

422

Since  








 Eq. (4) can be further simplified to;

   (5)

If   then coalition  is the winner at    and bids 
a greater proportion of concession than the relative concession 
decision variables of the loser which is . On the other hand 
if    then coalition  is the winner at    and bids a 
greater proportion of concession than the relative concession deci-
sion variables of the loser which in this case is coalition  .When 
both sides of Eq. (5) are equal random way is used to determine 
the winner and the loser [29].

Assuming the two coalitions will make the appropriate con-
cessions and coalition  is the winner and   is its corresponding 

offer, then as loser coalition  makes a concession first. Its con-
cession which is the function of   will be  . Therefore utility 
function of coalition  will be; 


  

   
  (6)

The utility function of coalition i as winner is can be written 
as; 


  

   
  (7)

Since the game is being played under incomplete information, 
the utility improvement coalitions receive as a winner or a loser 
is the same.

Fig. 1. Two-stage concession game for global GHG emission reduction.

3. Results and Discussion

The GHG emission levels of coalitions differ depending on the 
economic, social, demographic and many other additional factors 
which are not mentioned here. Assuming the coalitions are risk 
neutral the utility functions in relation to GHG emission can be 
described using the Environmental Kuznets Curve [30, 31] and 
Lotka-Volterra model [32].

Fig. 2. Environmental Kuznets Curve (EKC) for global GHG emission.

Assuming the utility function of the negotiating parties are the 
following;


   

  
  





  

 
 


 (8)

  is the logistic coefficient showing the economic 
benefits.The emissions of one coalition have negative environ-
mental and economic externalities on the other coalition. One’s 
utility function is a decreasing function of other’s GHG emission. 
Therefore    is the constraining parameter. According to the 
law of diminishing marginal utility the graph of utility function 
of each negotiating agent is concave.

Maximizing the utility functions of countries mentioned in Eq. 
(8) leads to the following two response functions:

















   
  











  
 



(9)

Because 







 







 the decision variables which make 

Eq. (9) zero can be described as Nash equilibrium values.











  

 


  

 
(10)

Hence;

   ≥  and    ≥ 











 




   



 




  
 (11)
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According to the designed concession rules assuming coalition  is 
the winner during the negotiation process coalition  as the loser cuts 
its status quo GHG emission first and its utility function will be;


  

  
  

  
  (12)

Differentiating Eq. (12) by equating it to zero results the following 
emission reduction decision variables for coalition 

   ′    

  
(13)


  

  ′   

   
(14)

Then the corresponding emission reduction variables of coali-
tion  will be;

     ′   


  

(15)


  

   ′ 
  

 


  


  

(16)

The utility functions of the negotiating parties can be formulated 
as follows;


    

 
   

  



   

  
 

 (17)

On the other hand when coalition  is assumed to be the winner 
its emission reduction functions will be the following;











   

   




   


   

(18)

The corresponding utility functions of the bargaining coalitions 
can be written as;


    

 


 
  

 



   

 


 
 

 
 (19)

Based on the assumptions made above the optimal strategy 
is the one that ensures the same utility improvements to bargaining 
coalitions irrespective of whether they are winners and losers 
of negotiation process. Hence the dominant strategy is the one 
that satisfies 

 
  

 
. Based on the rules of concessions 

defined in section two of this paper coalition  ’s bid   have 

equal preference with coalition  ’s bid   

  during negotiations. 

Therefore, coalition  choose the optimal strategy that ensures 


   
  thus;

       

       
(20)

Assuming both the negotiating parties will implement the opti-
mal strategy, if  

 coalition  will be the winner and 
coalition  the loser otherwise  will be loser and coalition  will 
be the winner. When coalition  is the winner and coalition  
the loser their respective GHG emission reductions will be   ′ 
and  ′respectively. In this case their utility functions will be;

  
   

  ′ 
   ′   

  ′ 


   

  ′ 
  ′  

   ′  (21)

Hence, ∆
  

 
 and ∆

  
 



∆
 

  


 
  


  



  
  

(22)

∆
 

  


   


(23)

Therefore, ∆
 ≥ 

After making concessions at the end of the game both the bargain-
ing parties reduce their status quo emission levels. The degree 
of utility improvement for coalition  depends on its logistic and 
constraint parameters as well as on the utility improvement of 
coalition . The converse is also true when coalition  is a winner.

When 





   

 
 


coalition  as a winner of 

the negotiation will improve its utility. If  


 
 



 
 


 

the utility of coalition  will decrease. Since the game is symmetric 
when coalition  is winner even though coalition  is loser its 
utility improvement is similar to its utility improvement it can 
secure as a winner. From the above analysis the following con-
clusions can be reached. First, the utilities of both the bargaining 
parties will not improve during the first stage of the negotiation 
process. During, the second phase of negations because both parties 
makes reductions in emissions their utilities improve. The utility 
of coalition  improves since it is the loser in the negotiation 
process while the utility of coalition   will improve as well as 
long as it is with in the balanced emission range. Generally winners 
have high GHG emission reduction ratios. Second, if the two coali-
tions act unilaterally to maximize their benefits they may not 
achieve pareto-optimality and end up with “tragedy of the com-
mons” scenario. The negotiating coalitions cannot achieve par-
eto-optimality by making concessions as well, but if their GHG 
emission reductions are within a certain balanced range both the 
negotiating parties can achieve pareto-improvement.
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4. Hypothetical Example 

Suppose there are two coalitions  and . The two coalitions emit 
GHG mainly due to consumption of fossil fuels. Emission of GHG 
has negative environmental consequences. The two coalitions ac-
knowledge the problem and are willing to reduce GHG emissions 
through negotiations. Therefore concession game can be used to 
analyze their emission reduction plans and determine the balanced 
emission range that results in utility improvement for both negotiat-
ing coalitions. The utility functions of the bargaining coalitions 
can be written as the following;


  

 
 





  

 
 




At    maximizing the above utility functions results the follow-
ing values for the emissions and utilities of the negotiating 
coalitions.


  


   

  


  

Now suppose that coalition  is the winner and coalition  
is loser. If coalition  reduces emissions by a unit then coalition  
 should reduce by   units. Therefore, the utility function of 
coalition  will be; 


  


 









Since 




 , rearranging the above equation leads to the 

following reduction functions for the coalition  and .









 

 


 



Therefore the utilities of the coalitions can be formulated as 
the following;











  




  





 

 






   

 







 





 


Similarly, if coalition  is winner and coalition  is loser their 
emission reduction functions of the coalitions will be;


















Hence the corresponding utility functions of the coalitions’ be-
comes;











  







 

 




 



   

 
















Hence;









 












 






 

 ′  










 






 

Coalition ’s bid   and coalition ’s bid  are the keys to 
determine the winner and the loser in the negotiation process. 
Weather the coalition is winner or a loser it gains the same utility 
improvement. 

When 
    

    then   is equal to  and 

When 
 

  
 

 is equal to . Therefore for 

the case 
 coalition  is the winner and coalition  

is the loser. Their respective reductions  and   will be  
and . Hence at the end of the concession the condition 

  


 
 



 
 


 is satisfied. This indicates that the 

utilities of the two bargaining coalitions are improved. The emission 
levels after reduction and utilities of the negotiating coalitions 
will be;


  


   

  


  

5. Conclusions

GHG emission is one of the main contributing factors for climate 
change. Hence coordination and cooperation among the countries 
are needed in order to reduce GHG emission and minimize the 
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impacts of climate change. One of the main reasons that makes 
global GHG emission reduction challenging is the differences 
among the countries in terms of their socio-economic and envi-
ronmental status. Therefore emission reduction plan should cater 
to the principle of common but differentiated responsibilities 
of the different countries. Concession game is proposed in this 
article as a tool to analyze the reduction schemes and determine 
the emission range which will improve the utilities of the negoti-
ating parties. Since both the negotiating parties are utility max-
imizes and risk neutral authors believe that the concession ap-
proach to analyze emission reduction plan is a reasonable 
approach.

Both bargaining parties look for a solution outcome which will 
improve their utilities. But if they act independently the utility 
each of them can achieve is less than the utility they can achieve 
by coordinating their emission policies [33]. The advantages negoti-
ating parties can gain from unilateral actions in the short term 
are lower than the long term benefits that can be obtained from 
cooperation. In addition, the benefits that can be obtained from 
repeated short term games become negligible through time. This 
is one reason that drives the parties to cooperate through concession 
game so as to achieve the desired maximum benefit through cooper-
ation [34]. This article discusses non-transferable utility concession 
game’s application for analyzing emission reduction plan and de-
termining the stable emission reduction range that improves the 
utilities of the negotiating parties. From the above analysis the 
authors were able to deduce the following two main conclusions. 
First, the reductions will affect each agent’s utility in the game 
and changes in utility depend on logistic and constraining 
parameters. Second, even though the negotiating parties may not 
be able to achieve pareto-optimality by reducing emissions each 
negotiating party will be able improve its utility. After the con-
cessions the loser of negotiation process achieves improvement 
in its utility. The winner enhances its utility as well. Hence the 
concession procedure results in a win-win situation for both the 
negotiating parties. One of the main shortcomings of this study 
is that it did not take in to account strategies to reduce uncertainties. 
This limitation is left to be addressed through further research. 
Generally, the authors hope that this article provides insights which 
could be useful for policy makers in their effort to design implement-
able emission reduction plans.
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Nomenclature

Symbol Definition

  Coalitions

 The time period of emission the reduction game 

  
First stage of emission reduction game, before 

negotiation

  
Second stage of emission reduction game, after 

negotiation

 (•), (•) Reduction functions of negotiating coalitions


 

 ⋯ 
 emission reduction decision variables 


 

The relative emission reduction of different 
coalitions


 

 The status quo emission levels of the different 
coalitions during   


 

 The emission reduction decision variable of 
different coalitions during   


 

 Emission reductions of different coalitions at 
second stage   


 Utility of coalition  as a loser in negotiation


 Utility of coalition  as a winner in negotiation


 Utility of coalition  as a winner in negotiation


 Utility of coalition  as a loser at second stage


 Utility of coalition  as a winner in negotiation


 Utility of coalition  as a loser in negotiation


 

 Utilities of bargaining coalitions at first stage

  Logistic coefficients of utility functions


  Constraining parameters of utility functions





Emission reduction of coalition  as a loser at 

  

 ′


Emission reduction function of coalition  as 
a loser at   




 Emission reduction of coalition i  as a winner 
at   

″ Emission reduction of coalition i  as a loser at 
  

″″ Emission reduction of coalition  as a winner 
at   

∆
 ∆

 The utility changes of coalitions between two 
stage


 

  
 Bid function of coalitions i

     Bid function of coalitions  



L. Yuan et al.

426

References

1. Jeunesse IL, Cirelli C, Aubin D, et al. Is climate change a 
threat for water uses in the Mediterranean region? Results 
from a survey at local scale. Sci. Total. Environ. 2016;543: 
981-996.

2. Hai LL, Patrick W, An MB, et al. Effect of climate change 
on the vulnerability of a socio-ecological system in an arid 
area. Glob. Planet. Chang. 2016;137:1-9.

3. Gibbs MT. Coastal climate risk and adaptation on studies: 
The importance of understanding different classes of problem. 
Ocean Coast Manage. 2015;103:9-13.

4. Ronald C. The problem of social cost. J. Law Econ. 1960;3:1-44.
5. John D. Land, water and ownership. Can. J. Econ. 1968;4: 

791-804.
6. Montgomery WD. Markets in licenses and efficient pollution 

control programs. J. Econ. Theo. 1972;5:395-418.
7. Thomas E, Rüdiger P. International carbon emissions trading 

and strategic incentives to subsidize green energy. Res. Energ. 
Econ. 2014;36:469-486.

8. Woodward RT, Kaiser RA. Market structures for U.S. water 
quality trading. Rev. Agri. Econ. 2002;24:366-383.

9. Michael F. Game theory and international environmental 
cooperation. Cheltenham-Northampton: Edward Elgar; 2001. 
p. 145-150.

10. Madani K. Game theory and water resources. J. Hydrol. 
2010;81:225-238.

11. Wei SK, Yang H. Using game theory based approaches to simu-
late stakeholder conflicts concerning domestic water allocation 
and pollution reduction in inter-basin water transfer in china. 
J. Beijing Nor. Uni. 2016;6:254-267.

12. Valipour M. Optimization of neural networks for precipitation 
analysis in a humid region to detect drought and wet year 
alarms. Meteo. Appl. 2016;23:91-100.

13. Yannopoulos SI, Lyberatos G, Theodossiou N, et al. Evolution 
of water lifting devices (pumps) over the centuries worldwide: 
A review. Water 2015;7:5031-5060.

14. Valipour M. Sprinkle and trickle irrigation system design using 
tapered pipes for pressure loss adjusting. J. Agri. Sci. 2012;4: 
125-133.

15. Mahdizadeh Khasraghi M, Gholami Sefidkouhi MA, Valipour 
M. Simulation of open- and closed-end border irrigation systems 
using SIRMOD. Arch. Agro. Soil Sci. 2015;61:929-941.

16. Valipour M. Comparison of surface irrigation simulation mod-
els: Full hydrodynamic, zero inertia, kinematic wave. J. Agri. 
Sci. 2012;4:68-74.

17. Valipour M, Sefidkouhi MAG, Eslamian S. Surface irrigation 
simulation models: A review. Int. J. Hydro. Sci. Technol. 

2015;5:51-70.
18. Degefu DM, He W, Yuan L, Zhao JH. Water allocation in trans-

boundary river basins under water scarcity: A cooperative bar-
gaining approach. Water Resour. Manage. 2016;30:4451-4466.

19. Rob JHM, Veeren DV, Tol RSJ. Game theoretic analysis of 
nitrate emission reduction strategies in the Rhine river basin. 
Int. J. Glob. Environ. Issues 2003;3:74-103.

20. Hassan B , Guiomar M. The impact of foresight in a trans-
boundary pollution game. Eur. J. Oper. Res. 2016;251:300-309.

21. Chew IML，Tan RR，Foo DCY, et al. Game theory approach 
to the analysis of inter-plant water integration in an eco-in-
dustrial park. J. Clean. Prod. 2009;17:1611-1619.

22. Stephen JD, Anders F. Game theory and climate diplomacy. 
Ecol. Econ. 2013;85:177-187.

23. Moshe H. Game theory and international environmental 
cooperation. J. Energ. Nat. Res. Law 2009;27:503-510.

24. George BF, Margriet FC. Transboundary water management 
game-theoretic lessons for projects on the US–Mexico border. 
Agri. Econ. 2000;24:101-111.

25. Ponce de Leon Barido D, Marshall JD. Relationship between 
urbanization and CO2 emissions depends on income level and 
policy. Environ. Sci. Technol. 2014;48:3632-3639.

26. Magombeyi MS, Rollin D, Lankford B. The river basin game 
as a tool for collective water management at community level 
in South Africa. Phys. Chem. Earth 2008;33:873-880.

27. Perry J. Climate change adaptation in the world’s best places: 
A wicked problem in need of immediate attention. Landscape 
Urban Plan. 2015;133:1-11.

28. Heidari N, Pearce JM. A review of greenhouse gas emission 
liabilities as the value of renewable energy for mitigating law-
suits for climate change related damages. Renew. Sust. Energ. 
Rev. 2016;55:899-908.

29. JØrgensen S, Yeung DWK. A strategic concession game. Int. 
Game Theor. Rev. 1999;1:103-129.

30. Panayotou T. Demystifying the environmental Kuznets curve: 
Turning a black box into a policy tool. Environ. Devel. Econ. 
2001;4:465-484.

31. Dinda S. Environmental kuznets curve hypothesis: A survey. 
Ecol. Econ. 2004;49:431-455. 

32. Chen BY. Revealing characteristics of mixed consortia for Azo 
Dye Decolonization: Lotka–Volterra model and game theory. 
J. Hazard. Mater. 2007;149:508-514.

33. Ostrom E. Governing the commons: The evolution of in-
stitutions for collective action. Cambridge: Cambridge University 
Press; 1990. p. 87-101.

34. Loáiciga HA. Analytic game-theoretic approach to ground-wa-
ter extraction. J. Hydrol. 2004;297:22-33.


