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Abstract  
 

In the year 1998, environmental permits for hazardous activities was introduced, the introduction 

meant that the government took a step further in the environmental debate. The consequence of 

introduction was a more stringent regulation policy regarding the activities that could harm the 

environment in an irreversible manner. The mining industry has since the introduction of the 

environmental permits criticized the processing time for receiving permits and the increased 

bureaucracy which the introduction has meant. The aim of this paper is to examine how the 

introduction of the environmental permits has affected the gross investments for the mining industry. 

In order to show the effect, two different investments demand functions are derived and estimation are 

made by using annual report data between the years 1949-2012 retrieved from a major mining firm in 

Sweden namely LKAB (Luossavaara-Kiirunavaara Aktiebolag). The results showed from one of the 

models that the introduction of environmental permits has a negative effect on firm’s gross 

investments whilst the other showed that environmental permits had no effect on the gross investments 

of the firm. The conclusion of the paper is that some evidence points to that the introduction of 

environmental permits could have a negative disturbance for the investment behaviour of the firm. 
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1. Introduction  
 

The main purpose of this paper is to show the effects of the introduction of environmental permits on 

the mining industry. With data from LKAB annual reports, the aim of the paper is to show how the 

total gross investments have been affected by the introduction of environmental permits in 1998. The 

case study of LKAB will hopefully provide an indication on the possible effect on the whole mining 

industry.  

The motivation of this paper is that the process of environmental permit has in recent years been under 

a lot of scrutiny mostly because of the long and uncertain processing procedures (Ramboll, 2012; The 

National Council for innovation and Quality, 2013). Mining firms criticize the long processing times 

of applying for environmental permits, which extend the time until their investments are operational, 

this could lead to greater cost and uncertainty. The mining industry is a cyclical business and the high 

demand cycle is often in a time period of ten years. This means that the timing of the investment is of 

a great importance, the ramifications of a delay could be that an investment that was deemed profitable 

can actually generate loss. An example of this is a firm that decide to open a new mine in a period of 

high demand for minerals but is hindered by the processing of the permit. Once the firm receives the 

permit the demand for minerals has decreased and the mine is no longer deemed profitable. Another 

problem for the mining firms is that it must often hire consultants in order to apply for permit because 

lack of competence within the firm. Therefore in a period of high demand for mineral the demand for 

competence surrounding permits is high which could generate a higher cost for the firm. This scenario 

could deter mining firms to invest in riskier project in the future if the profitability is uncertain.   

To achieve our objectives, we are estimating two econometrics models for investment demand that 

utilises data from LKAB annual reports between the years 1949-2012. The econometrics models are 

derived from two classical investments theories, the Neoclassical and the Flexible Accelerator theory. 

These models are assumed to have no adjustments cost between time periods but some modification of 

the theoretical models is implemented in the econometric specification.  Although the investments 

decision of a firm is a highly complex problem, this paper wants to show with a rather simplified 

framework how the introduction of environmental permits has affected the gross investments of a 

mining firm. 

The rest of the paper is structured as follows. Part 2 consists of a background regarding the mining 

industry and an overview of the environmental permit process. Part 3 is a review of the previous 

studies on the subject of investments. Part 4 is the theoretical and econometric framework and where 

the econometric models are derived. Part 5 contains the case study regarding LKAB; this part will 

introduce a background of LKAB and present the data´s descriptive statistics after the presentation of 

the data, there is an empirical specification which includes regression diagnostics and a determination 
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about lag structure. Part 6 which is the last part of the paper, will include a conclusion of the paper and 

a discussion about possible policy implications.   

2. Background 
 

The Swedish mining industry has a long tradition of extracting minerals dating back to the thirteenth 

century. The industry is a significant actor on the European mineral market and has been an important 

cornerstone of the welfare development in Sweden.  The production of minerals for the mining firms 

has increased substantially between the years 1900-2011. The industry with associated businesses 

contributes with 4 % of the GDP and stands for 40 % of the net exports in Sweden. In the 

municipalities of Kiruna, Gällivare and Pajala the mining industry stands for 60 % employment (The 

National Council for innovation and Quality, 2013). The industry is expanding and mining firms are 

planning to open more mines in north Sweden which would stimulate the labour market even more. 

This makes the mining industry an important part of the future growth of the labour market and 

economic prosperity especially in the northern part of Sweden (Bergverksstatistik, 2011).  

LKAB and Boliden AB are two of the largest mining firms in Sweden and stands for a substantial part 

of the mining activity in Sweden. The majority of the mining activity for the two firms is in 

underground mines which are often associated with higher cost compare to open pit mines. This means 

that Swedish mining firms has a cost disadvantage compare to most of the foreign firms, in order stay 

competitive the Swedish mining industry has invested large amount in capital which includes 

investments in equipment, housing and machinery in order to be in the forefront regarding the 

technical advancements in the industry (LKAB, 2012).  

The exploration cost for new mineral and ore deposits in Sweden is on an all-time high; in 2011 the 

exploration costs reached 765 million SEK. However, in regard to the other mining countries these 

explorations cost that are made in Sweden is actually lower than most other countries. The 

fundamental reason for this increase in the prospecting cost for the global mining industry is a high 

global demand for minerals which pushes the mining firms to intensify production (Bergverksstatistik, 

2011).  

In the year 1998 a new ordinance was introduced called “On the supervision of the environmental 

code” and was created to regulate environmental hazardous activities (Riksdagen, 2012). The 

consequence of this was that mining companies must apply for environmental permits according to the 

environmental code to begin their operations.  
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2.1. The process of environmental permits 
 

Activities that require an environmental permit are those who can significantly harm the environment 

or negatively affect people in the surrounding areas or disturb activities that are of important national 

interest. In the case of the mining industry this can for example be opening new mines, expand their 

production or build new plants for processing metals (”Tillståndsprövning och anmälan avseende 

miljöfarlig verksamhet. Handbok 2003:5.” 2013). Firms are able to consult with the County 

Administrative Board 
1
(CAB) or the environmental court to see if their investments will require an 

environmental permit. The CAB or the environmental court has the final say whether the firm is able 

to receive a permit or not. 

There are different levels of impact that will define hazardous activity ranging from A, B and C. 

Where A is the highest rank of impact on the environment and C is the lowest. Most mining projects 

have the rank A or B. The applicant for a permit must provide in detail the consequences to the 

environment of their planned activity to the CAB or the environmental court, this document is called 

MKB (Environment consequence description). Even before the processing of the MKB both the 

government and the municipal council can form a complaint against the planned activity.  An MKB 

involves description on how the proposed project will affect people, animals, plants, land, water, air, 

climate, landscape, cultural landscape, and the physical environment as whole, other industries, other 

commodities and energy possibilities(this could be for example wind turbine projects). It should also 

describe the localisation, formation and the extent of the operation. The MKB must include a plan that 

states which efforts the firms undertaking to be able to decrease the environmental impacts of the 

projects.  After the firm finished their MKB, the environmental court or CAB send out a notice of 

consultation to all the parties that can be affected by the firm´s project. The concerned parties can 

stretch from a local municipality to a reindeer owner. The environmental court or the CAB is able to 

dismiss the MKB if they assume that the application is not sufficient.  The firm can be required to 

complement the MKB if ordered by the environmental court or the CAB. If the MKB is deemed 

sufficient, the firm is able to send in the application with the MKB. During the processing time the 

authorities must send out a second referral to all the parties that would be affected by the firm project. 

All concerning part are able to delay the process of clearing the permit if the time they got appointed 

to them is not deemed enough to form an opinion.  The general processing time of the environmental 

court and the CAB for clearing A-project is about 3,4 years and for a B-project is 2,9 years(Ramboll, 

2013). See also appendix 3 figure 1 for an overview of the processing of environmental permits
2
.  

                                                      
1
 The County Administrative Board is the national authority in the counties.  

2
 This overview of the environmental permits process is in Swedish, so I apologise to non-Swedish reader for 

this inconvenience.      
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3. Previous studies  
 

In the field of investments an extensive literature has tried to explain firm’s different investment 

behaviour on the macro-and micro level. The basic theory formed by John M. Keynes and Irving 

Fischer is that the firm will invest until the net present value is zero which means that firms will invest 

until the future revenue equal the opportunity cost of capital. The prominent theories in this field are 

the Q-theory of investments and the Real-Option theory which have been widely used throughout the 

economic literature. There is extensive empirical work on both theories using both aggregate and dis-

aggregate data but the theory that have produce some stronger empirical evidence of explaining 

investments behaviour is the Real-Option theory. More classical theory around investments where 

introduced by Jorgenson (1963), he proposed the existence of a user cost of capital that will influence 

investments through the marginal valuation of capital. The Q-theory of investments is focused on 

estimating the q(the marginal valuation of investments) whilst accounting for adjustments cost in the 

capital structure to investigate the magnitude of its significance on investments (Fazzari, Hubbard, och 

Petersen 1988; Cummins et.al 1994). In order to describe the dynamics of investments, Q-theory 

suggested that there exists another cost other than just the purchasing price of the investment and the 

user cost of capital. This additional cost is called adjustments cost and it is aimed to model the cost of 

installing a capital, which means the time it takes before a capital investment in for example 

equipment, buildings and processing machinery are operational. The explanation for the existence of 

adjustments cost is based on the assumption that is takes time to install capital or to train the labour 

force, and therefore adds to the investments cost because it cannot directly be used in production. 

In a study by Cummins et.al (1994) using U.S cross-sectional data, it is argued that major U.S tax 

reforms changed the marginal valuation on investments and therefore changes the capital stock, he 

used the tax reforms as natural experiment to measure the q. In recent years a lot of studies have 

introduced uncertainty which is represented by stochasticity into the model framework of investment 

behaviour. These studies have mainly focused on the randomness of the output price, and hence profit 

(Abel 1985; Hartman 1972). Under the assumption of a risk neutral firm the uncertainty will not 

influence the investments decisions of the firm (Romer 2003, 409). In order to still model uncertainty, 

studies have proposed that the firm manager have a mean-variance utility function. A result from such 

a study showed that uncertainty about future profitability affects investment negatively and gave a 

better estimate of q (Bo 1999). Demers (1991) showed that irreversibility of investments in physical 

capital and uncertainty about future demand lead to a more cautious investments behaviour of the risk 

neutral firm (Bo 1999; Demers 1991). The Q-theory may be appealing in a theoretical framework but 

most of its criticism comes from its poor performance in empirical studies mostly due to the inability 

to get a reasonable estimate of q.  
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The Real-Option theory is an investment theory that has been more widely used in recent years. The 

main idea of the theory is that every firm have a choice of whether to invest now or to invest in future 

point in time, this choice can be seen as a call option. The value of the call option can be affected by 

several different factors including increased uncertainty around output price or that the investments are 

irreversible or even the possibility to mothball a project (Dixit and Pindyck, Investments under 

uncertainty, 6). Several studies have shown strong results from using the Real Option Theory when 

explaining the investments behaviour of the firm and proved that uncertainty increase the value of not 

investing and therefore decrease investments in the firm (Bulan 2005; Pindyck 1982). The methods 

used by the authors of the paper for modelling the uncertainty stems often from stochastic processes 

like the Brownian motion or from assuming some sort of probability distribution of the random 

variable. In this paper when modelling theoretical part of the firms problem we will assume that the 

firm essentially is optimizing under certainty and that the firm adjusts its investment behaviour 

instantaneously in every time period, which means that the model will not address the problem with 

increased uncertainty surrounding the environmental permits. 

In the classical investments theory, three models have been prominent, these are the Neoclassical 

model, the Flexible accelerator model and the Cash Flow model, this paper is focused on the 

Neoclassical and the Flexible Accelerator models. These models dates back far back in time, the 

accelerator model was first introduced by Clark (1917). The accelerator model states that the factor 

prices are fixed and capital is determine by a fixed capital to output ratio. Koyck (1954) extended the 

model to allow for lag adjustment between the current and desired capital stock, this model are known 

as the flexible accelerator model. Important empirical work regarding estimating the adjustment speed 

was made by Richard W. Kopcke in the years 1977, 1982 and 1985. The Neoclassical theory was 

introduced by Jorgenson (1963) and as mention above he proposed that there exist a user cost of 

capital which is a fundamental variable in deciding the formation of capital. The assumption in 

Jorgensen neoclassical framework is that there no gestation lags between the desired capital stock and 

the current capital stock but instead just one discrete jump from the current capital stock to the desired 

capital stock.  

4. Theoretical and Econometric Framework   
 

In this part two models are introduced, the first model is the Neoclassical model (which is the 

Jorgensen model with the user cost of capital) and the second is the Flexible Accelerator model. The 

models are similar in structure but differ in the view of prices and the number of components that 

determine the investments decision. The reason for the existence of the user cost of capital in this 



8 

 

paper is based on that we believe that the introduction of the environmental permits have increase the 

cost of capital. The Neoclassical model also allows for substitution between different inputs.  

The main feature of the theory is that investments are determined by the difference between the 

desired capital stock and the actual capital stock. During this section we will explain how the 

introduction of environmental permit has influenced the investments of the firm by using Jorgensen 

(1963) theory of user cost of capital and the Flexible Accelerator model. It should be mention that the 

majority of the notation and econometric models are retrieved from Lundgren (1998).  

 

4.1 Neoclassical model: 
 

The firm want to maximize its own value by choosing the optimal quantities of investments, capital 

and labour. The neoclassical model allows for input substitution between capital and labour, in order 

to show this we use a simple production function where the input substitution elasticity is equal to one:  

    (   ) (1) 

 

In order to derive the Neoclassical model some assumption must be made, the first assumption is that 

firms have static expectations and operate in a perfect capital market. The other assumption is that firm 

maximize the discounted net flow of profits over an infinite time horizon and that there do not exists 

any delivery lags, adjustments costs(as posed in the Q-theory of investments), vintage effect and that 

the capital depreciates at a geometric rate. The maximization problem is as follows:   
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Where    is gross investments,    is the capital stock,    is the labour input and          can only 

take non-negative values. The prices in the model are defined as   
 

 the output price,   
  as the price of 

new capital and w is the wage rate. The opportunity cost of capital is defined as r, which is the risk 
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free rate. In order to solve our maximization problem we use the current value Hamiltonian function 

defined as: 

      
 

  (   )         
  ( )                   (      ) (3) 

 

Where the    is the shadow price of the investment and defined as            . The first order 

condition then becomes: 
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Transversality condition: 
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In order to retrieve the user cost of capital, we determine that: 

           
  

  
                        

 

Then we rewrite the last expression in equation (4) as follows: 

                                     
     

          (5) 

Solving the first condition in equation (4) for θ and substitute into equation (5) and divide both sides 

with      . In the second expression of equation (4) we just solve for the marginal product of labour. 

We get the following expressions: 
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(6) 

The result is that the marginal product of capital is equal to the user cost of capital and that the real 

wage rate is equal to the marginal product of labour.  In order to determine an econometric 

specification we must assume some functional form for the marginal product of capital, we ignore the 

labour demand because our focus is to determine the capital demand. We will also assume that the 

price of capital and the price of output are normalized to 1 because our focus is on strictly the 
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depreciation rate and the risk free rate and its connection with the introduction of the environmental 

permits. The user cost of capital will be defined as:  

            
  

  
 

  
 
(    )  (    )           

 

 

4.1.1 Functional form: 

 

In order to get an parameterization of our model a Cobb-Douglas function is chosen as the production 

function because it has the desired property of a capital-labour substitution elasticity equalling unity 

(σ=1) meaning that the relative prices are independent of each other. The production function is then 

defined as:  

     
    

     

And the marginal product of capital is: 

 
   

    
      

    

   
       

   
(7) 

 

If we substitute this expression for marginal product into the necessary condition in equation (6) and 

solve for K, we arrive at the following expression: 

    
   

  
  (8) 

  

Where   is the desired amount of capital and   
  is the user cost of capital.  

4.1.2. Econometric specification of the Neoclassical model 

 

In order to model this in an investment framework, we know that capital in time period t is given by 

the investments plus the capital stock in period t-1 and minus the depreciated capital in period t-1. 

Then gross investment will be given by:  

              (9) 
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Gross investments will depend on the gap between the current capital stock and the lag capital stock 

and the depreciation of capital. In the derivation of the demand for capital, we assume that there is 

instantaneous adjustment from current to desired capital stock. In this section we will loosen this 

assumption and introduce a speed of adjustment parameter λ between current capital stock and desired. 

The definition of capital movement is given by: 

      (  
      ),          (   ) (10) 

 

Where      is the capital stock in period t-1 and   
  is the desired capital stock at time period t. The λ 

is the adjustments speed between      and   
 , if the parameter is one, we have instantaneous 

adjustment, if the parameter is zero we will have a fixed capital stock (Berndt 1990, 232). Equation 

(10) also assumes to follow a Koyck (1954) type of process
3
. The reason for speed of adjustments 

parameter existence is due to the occurrence of rigidity, inertia, contractual obligations or in my case 

introduction of environmental permits (Gujari 2003, 674). Substituting equation (10) into equation (9) 

we get the following expression:  

     (  
      )           

  (   )     (11) 

   

This is an expression for gross investments, now we substitute in our expression for capital demand 

derived in the functional form part into equation (8). Then we arrive at an equation describing gross 

investments:  

     
  

  
  (   )     (12) 

 In order to avoid to estimate (δ-λ) , we lag equation (12) by one time period and multiply both sides 

with (1-δ) and then subtract equation (12) with this expression, after some algebraic simplification we 

arrive at:
4
  

      [
  

  
  

    

    
 

(   )]  (   )     (13) 

The distributed lag structure of the change in output variable follows a geometric declining rate; this 

was first introduced by Koyck (1954). The Koyck geometric distributed lag formulation means that 

investments in time period t is a result of previous output changes, the meaning of the declining rate is 

that output changes farther back in time are of less importance than output changes closer in time. One 

critique of this lag formulation is that it is quite rigid in the formulation, mostly depending on a fixed 

parameter describing the declining rate, therefore will we use another type of distributed lag 

                                                      
3
 See appendix 1 Koyck distribution lag. 

4
 See appendix 1 for full derivation 
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formulation first introduce by Almon (1965)
5
. The Almon distributed lag is finite which mean that we 

have the choice of the lag length and the polynomial structure. The variable that is approximated with 

Almon lag is the change in output variable which is defined as (
  

  
  

    

    
 (   )) . The econometric 

specification of our model is as follows: 

      (
  

  
  

    

    
 

(   ))  (   )         
 (

  

  
  

    

    
 

(   ))      
     (14) 

Where     ∑     is the lag sum parameter for the change in output variable and (   ) is the 

adjustments speed parameter for the lagged gross investments variable.    is the random disturbance 

term whilst    and    are the parameters for the dummy variable and interaction variable. The 

modelling for the introduction of the environmental permits is defined as   
  {

                       
                    

  , T 

is the year 1998.    is the dependent variable measured as gross investment of the firm. The presence of 

the interaction variable and the dummy variable is to model the introduction of the environmental 

permits. The interaction variable between the dummy variable and the change in output is to show that 

the marginal effect of the change in output has diminished after the introduction of the environmental 

permits. The dummy variable is meant to represent a structural break before and after the introduction 

of the environmental permits. The reason for dividing the change in output variable with the user cost 

of capital is to portrait for example a diminishing effect of a positive output gap if there were also an 

increase in the user cost of capital. The presence of the lagged gross investments in the econometric 

specification depends on the assumption that current gross investments depends on past years gross 

investments.  

 

4.2. The Flexible Accelerator model 
 

This model is only a simplified version of the Neoclassical model; the first difference between the two 

models is that the accelerator model assumes fixed factor prices which essentially mean that the prices 

reduce to constants. In other word prices, wages, taxes and interest rate don´t have direct impact on 

capital spending but may have indirect impacts. The second difference is that the model does not 

assume the existence of a user cost of capital. Therefore are the determination of capital is decided by 

a constant ratio between output and capital, which gives us; 

         (15) 

 

                                                      
5
 Almon lag polynomial is formulated as    ∑       

 
     where              

       
    

       .   is the dependent variable.  
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Where the parameter a is fixed capital to output ratio. The problem in the ordinary accelerator model is 

that it assumes that adjustment to capital is instantaneous. In the flexible accelerator model the speed 

of adjustment variable is introduced, this parameter was discussed earlier in this section. In order to 

model it, we substitute in equation (15) into (8); the resulting expression is the investment function for 

the flexible accelerator model: 

         (   )     (16) 

 

4.2.1. Econometric specification of the Flexible Accelerator model 

 

In order to reach our final expression we apply the same technique as in the neoclassical model by 

manipulating equation (16), the final expression becomes:  

      (       (   ))  (   )     (17) 

 

We assume that the lag structure of the change in output variable(       (   )) is approximated 

with Almon lag polynomial.   

The econometric specification of the model is: 

 
     (       (   ))  (   )          

 (       (   ))       
 

    
(18) 

 

Where     ∑      and are the parameter for change in output variable.     and    is the parameter 

for the interaction variable and the dummy variable.    is the random disturbance term, and the 

modelling of the environmental permits are the same as in the neoclassical econometric specification 

where    
  {

                       
                    

  , T is the year 1998. (   ) represent the speed of adjustment 

parameter associated with the lagged gross investments. The reason for the lagged dependent variable 

is based in the assumption that past years gross investments influenced the amount of gross 

investments made today.  The dependent variable is gross investments. The other variable included in 

the econometric specification is based on the same premise as in the Neoclassical model.  

5. Case study of Luossavaara-Kiirunavaara Company (LKAB) 
 

LKAB is a mining company founded in 1890 and most of its production stems from iron-ore related 

products. The majority of the mines are located in the northern part of Sweden in the municipality of 
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Kiruna. It is a state-owned company and contributed to Sweden´s net export by 40 % in the year 2010 

which makes them one the largest exporters of goods. Most of the iron ore that LKAB produces is 

exported to European market but there is also a growing demand from both South East Asia and the 

Middle East. The two main products of LKAB is sinter fines and iron ore pellets.  The sinter fines and 

iron-ore pellets are widely considered as being one of the highest quality in the world and the 

manufacturing process of iron-ore pellets is the most energy efficient in the world.  Iron ore and sinter 

fines are used as inputs in the production of steel. LKAB produces about 90 % of Europe’s iron ore 

but their market share on the world market is about 2 %.  Other operations of LKAB are drilling 

systems, industry metals, train transports, rock and engineering services, explosives and real estate 

companies. These side operations other than the production of iron ore are controlled by subsidiaries.  

LKAB are considered to be one of the most advanced mining industries in the world (LKAB, 2012).  

Most of the mining operations are conducted underground which mean that the cost structure of 

LKAB differ compared to mining firms that have predominantly open pit mines. Open pit mines often 

experience lower production cost because of the easier extraction of iron-ore, which means that 

transportation from the mine to the consumer is less costly. In order to decrease the gap and still be 

competitive, large investments are made in an attempt to increase productivity. A large part of the 

investments are concentrated on the logistical aspect of the production and distribution of iron ore. 

LKAB also have a size disadvantage in production capacity particularly compare to Australian and 

Brazilian mining firms therefore the unit cost of each pellets be higher than the competitors. Therefore 

LKAB tries to provide their consumer with high quality products in order to still be competitive. In 

order to keep their competiveness they are reliant on increasing quality of the product therefore large 

investments are needed in the processing procedures.  

A problem with the quality products is when the economy is in recession, there can be a bigger drop in 

the demand for high quality iron-ore compared to lower grade iron ore, due to the fact that lower grade 

iron ore is often cheaper. LKAB has tried to counteract this “weakness” in production by introducing 

senter fines into their product line; this enables LKAB to lower the sensitivity in output due to 

fluctuations in the demand for iron ore. Introducing a new product enables LKAB to be more flexible 

in their production.  

LKAB are dependent on a flexible production because of the shifting demand of the steel market, and 

the characterization of a flexible production is the possibility to shift productions capacity. With a 

more flexible production the firm could easily accommodate big movement in the demand of iron-ore 

by opening and closing mine or increase capacity in their existing mines. Some mines are only 

profitable at a certain price and that is often in times of high demand for iron-ore. Therefore the timing 

is crucial of the investments in order to secure future growth and competiveness of LKAB (LKAB 

2012).  
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In this case-study of LKAB we want to examine with the help of data from annual reports ranging 

from year 1949 to 2012 if the introduction of environmental permit have changed the amount gross 

investments undertaken by LKAB.  

5.1. Data 
 

The data is collected from the annual reports of LKAB between the years 1949-2012; some of the 

variables that were retrieved did not have complete time series. The data points are measured annually. 

The variables that had complete time series were capital, gross investments and output. The variables 

that are measured in millions of SEK are capital, depreciation, gross investments and output (measures 

as total sales). In order to deflate our variables, the KPI was used
6
 (consumer price index). The KPI 

data was retrieved from Statistic Sweden (SCB 2012). The reference year is 2005; therefore all the 

data on capital, output, depreciation and investments are in the 2005 prices. The risk free rate variable 

is measured as the discount rate between the years 1949-1982 and after that the risk free rate is 

measured in Swedish 30-day treasury bills (Riksbanken, 2012). The depreciation rate is measured as 

dividing the annual depreciation in million SEK with the annual capital stock in million SEK.  There 

are some matters of concern regarding some of the variables in the two models; the main problem is 

that some of the variables are missing data in their time series. The variables that are missing data are 

the depreciation of capital (missing values: years 1994-1996) and the risk free rate (missing values: 

years 2007-2012). The missing data points are interpolated with the help of statistic program STATA.  

Table 1. Descriptive statistics.  

Variables Mean St. Dev. Min Max 

Capital 8481.641 5408.221 2166.632 28160.4 

Investments 1549.275 1198.438 340.764  5761.286 

Risk free rate % 6.186 3.140 1.7  13.8 

Change in output 1105.554 2775.284 -9294.59  16382.46 

Depreciation of 

capital in % 

10.8 5.27 1.36   25.7 

User cost of 

capital in % 

17.07614 7.25624 3.06   39.5 

The value of capital, investments and output are all measured in million SEK. Number of observation 

= 64.   

                                                      
6
 The use of KPI instead PPI is due to the fact that PPI only existed from the year 1969-1995 and that the basket 

of product which the PPI was constructed by, was altered in the year 1990. So there exist two different PPI one 

from the period of 1969-1995 and another between the years 1995-2012. Therefore by using KPI the real values 

is little rougher than using PPI. However, KPI had index numbers between the years 1949-2012.  
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Table 1 describes data from the variables from the annual reports of LKAB between the years 1949-

2012. The capital stock has followed approximately the same path as the price with a somewhat stable 

growth until the surge in demand for iron ore which stimulated investments.  However, the large 

capital stock increase can be explained by a large replacement of an old capital stock with more 

updated one which could induce a lower depreciation rate. The descriptive statistic for the investment 

shows a high volatility and a large differential between maximum and minimum, this can be attributed 

to large extent to the rise in iron ore prices but also to a natural growth of an expanding firm. The time 

series is between the years 1949 to 2012 which indicate that there should be some natural differences 

in maximum and minimum values. The risk free rate has a rather large margin between the minimum 

and the maximum, one explanation for the big differential can be the economic crisis in Sweden in the 

beginning of the year 1990 which made the risk free rate surge. The change in output variable has a 

high standard deviation, which also can be explained by a more volatile price. The user cost of capital 

like the other variables portrait a fairly volatile times series with a wide margin between the minimum 

and maximum values. But the user cost of capital variables is directly connected with the movements 

of the risk free rate and the depreciation of capital.  

5.1.1. Graphical analysis 

 

Figure 1. Gross Investments.  

 

The y-axis is defined as the real gross investments in millions of SEK. The x-axis is measured in years.  

 

In figure 1 one can observe that after the year 1998 there is a dip in the gross investments of LKAB, 

this was as mention earlier the year when the environmental permits was introduced. The dip in the 

gross investments is caused by a drop in the demand for capital. The gross investments increase 

substantially after the year 2002, one reason for this spike in investment is the rising demand for iron 
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ore. The spike could also be a consequence of the plans of moving the city of Kiruna in order to 

retrieve the iron ore that are situated below the city.  

 

There could be several reasons for the decreased gross investment between the years 1998-2002. The 

main variables, derived in the theory section of the paper that affect the demand for gross investments 

are the change in output, the previous gross investment and the user cost of capital (only in the 

Neoclassical model).  

In order to try to explain the decreased gross investments between the years 1998-2002 which are the 

years following the introduction of environmental permits, a graphical illustration of the variables that 

affect the gross investments are to be presented to be able to determine what happen with them after 

the year 1998. 

 

The time series graph of the change in output in appendix 2 figure 3 between the years 1949-2012, one 

can observe that in the year 1998 the change in output was negative, which could explain the decrease 

in investment ratio. However, the output gap is actually positive for the years after 1998 whilst gross 

investment declines.  

We turn our attention to the user cost of capital that was modelled in the theoretical section. In order to 

evaluate the progression of the user cost of capital, we constructed a times series graph. 

 

Figure 2. User cost of capital. 

  

 

The y-axis is user cost of capital is measured as % and the x-axis is measured in  years.  

 

Figure 2 portrait the evaluation of the user cost of capital through the years 1950-2012. One can 

observe that the user cost of capital varies a lot through the times series with a spike around the year 
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1984. In the year 1998, there is an increase in the user cost of capital that could indicate that some of 

the variables contain in the user cost of capital has increased. An increase in the user cost of capital 

would indicate an explanation in the decrease in gross investments. In an attempt to try to isolate the 

effect cause by the different variables in the user cost of capital, the user cost variables are plotted in 

different time series graph portrayed in appendix 2.  

 

The risk free rate that reflects the opportunity cost of capital, which means if the risk free rate is high 

the opportunity cost is high. The time series plot in figure 4 of the risk free rate shows that the rate 

actually decreases after the year 1998, whilst the user cost of capital variable increased. Comparing 

figure 2 with figure 5 one can see that the risk free rate is decreasing between the years 1998-2012 

whilst the user cost tend to vary, this could indicate that the risk free rate is not a dominate component 

in the user cost of capital between these time periods. 

 

In figure 5 in appendix 2 the depreciation rate is depicted, one can observe that the depreciation rate 

between the years 1998-2012 is increasing. One can see that the depreciation rate follows the user cost 

of capital and may be the driving component between 1998-2002 and one reason for the dip in gross 

investments.  

 

5.2. Empirical considerations  
 

The econometric specification derived from the theoretical section suggests a linear relationship 

between gross investments and the variables defined above. To be able to estimate our linear 

relationship some assumption must be fulfilled. These assumptions are: a linear relationship, linear 

independency between independent variables, exogeneity of the independent variables, 

homoscedasticity and that the disturbances are normally distributed. The time series data are often 

subject to some serial correlation which would violate the assumption about spherical disturbances of 

the linear regression estimation. A widely used test for serial correlation is the Durbin-Watson, but the 

presence of a lagged dependent variable as a dependent variable would make the Durbin-Watson test 

biased toward finding no serial correlation (Greene 2012, 963). Instead of the Durbin-Watson test for 

serial correlation we used the Breush-Godfrey Lagrange multiplier test
7
, the result of the test showed 

that we have serial correlation and that the residual follows an autoregressive process of degree one or 

a moving average process of degree one. The present of heteroskedasticity is often attributed to cross-

sectional data and not time series data. The assumption about independency between regressors is 

fulfilled, but there is some presence of multicollinearity which would impose larger variances for our 

                                                      
7
 The null hypothesis of the test is that we have no seriell correlation and the alternative hypothesis is that we 

have either a autoregressive of degree (p) or a moving average of degree (P).  
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estimates. The presence of multicollineary will also be evident when constructing the lag sum 

coefficient. There can be some presence of dependence between the random disturbance terms because 

of the problem with the lagged dependent variable as a dependent variable. This could violate the 

assumption about no correlation between the random disturbance terms and the exogenous variables. 

In order to be able to use a linear regression model we assume that this correlation is small. The OLS 

method of estimating our parameter provides consistent and unbiased estimate but not the most 

efficient. Therefore we use the feasible generalized least square method for estimating our parameter 

because of the presence of serial correlation in the disturbances term which makes FGLS estimator 

more efficient than OLS. The feasible generalized least square assume that the residuals follows an 

autoregressive of degree one when estimating the parameters.  The autoregressive form of the 

residuals is also confirmed in the Breusch-Godfrey test and in the correlogram and the partial 

correlogram of the residuals.  

In the econometric specification the change in output variable is approximated by using an Almon lag 

polynomial, the estimation of the parameter cannot directly be estimated. One must form new 

variables in order to retrieve the estimates. The full derivation of the procedure of retrieving this 

estimate is explained in appendix 1 “Almon lag polynomial”. In order to apply the Almon lag 

polynomial it is crucial deciding the “right” lag length and degree of polynomial. The Akaike 

information criterion is used to determine the optimal lag for the change in output variable. After 

running several different regressions with different lag length for the change in output variable and 

retrieving the AIC values for each regression, the results suggests that the maximum lag should be 

chosen. However, we want to avoid losing to many degrees of freedom but also taking consideration 

to the major problem with omitted variables we choose to lag the change in output variable by six time 

periods. The motivation for using six lags is based on the statistical significance of the coefficient for 

these variables in the various regressions. The conventional method of choosing the degree of 

polynomial is ad hoc and common choices are polynomial of degree two and three. In this paper a 

second degree polynomial will be used.  

 

 

 

 

5.3. Empirical results 
 

Table 2. Estimates from the Flexible Accelerator model 
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Coefficients Full model Reduced 1 Reduced 2 

   0.8324649* 0.874905* 0.8547467** 

   - 0.0259756 -0.0236898  

   143.6677  133.4121 

(   ) 0.3710646** 0.371102** 0.3392193** 

Adj   in % 73.09 % 73.77% 72.08 % 

Number of obs: 50 51 51 

*p-value<0.05, **p-value<0.01, reduced 1 =full model minus dummy variable, reduced 2 =full model 

minus interaction variable. 

Three different regressions were estimated using the FGLS (Feasible Generalized Least Square) 

method, the overall result from the estimation is that a large part of the variation in gross investments 

is explained in each of the models. The majority of the coefficients were significant in all of the 

models.  The coefficient for the parameter    indicating the structural change was shown to be 

insignificant, which means that the effects of environmental permits indicating a structural break are 

not statistically significant. The coefficient for the interaction variable    is non-significant in each of 

the three different models, which confirm that in this econometric model the introduction of 

environmental permit has no statistical effect on gross investments in this model setting. The lag sum 

coefficient for the parameter    are highly significant which would indicate that the change in output 

have a positive effect on investments. That if the change in output increases, the gross investments 

would also increase, or if there would be a negative output gap the consequence would be a decrease 

in the gross investments.   

The estimated parameter for the lagged gross investment variable (   ) in each of the model was 

significant and positive which were to expect, for the full model the speed of adjustment parameter 

was estimated to be around 0.62, 0.630 and 0.622 for the three different models
8
. This suggests a quite 

high adjustment which means that the invested capital adjusted quickly in this model setting.  The 

effect of the lagged gross investments is that if      is known which means that it does not affect the 

slope but contributes to the intercept. The implication of this is that the amount of gross investments 

made today depend on the amount of gross investments we did last year. So the lagged gross 

investments variable contributes to the total intercept of the regression model.  

 

 

 

 

Table 3. Estimates from the Neoclassical Model.  

Coefficients  Full model Reduced 1 Reduced 2 

     0.0339831**  0.0427064**  0.0292985* 

    -0.0097283** -0.0095555 **  

                                                      
8
 To get the adjustment speed parameter we take one minus the estimated parameter for the lagged gross 

investments variable.  
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     131.1088  58.15149 

      0.7717657 **  0.791806**     0.8429533** 

      in %   82.48 %  83.61%  85.40 % 

Number of obs:   50 51 51 

*p-value < 0.05, **p-value< 0.01 reduced 1 =full model minus dummy variable, reduced 2 =full 

model minus interaction variable. 

The overall result from the estimation of the parameters in the three different Neoclassical models 

shows a higher explained variation in gross investments than the flexible accelerator model in each of 

the three models, the only non-significant coefficient in the three models were the parameter    for the 

variable indicated the structural break due the introduction of environmental permits. The highest 

explained variations in each of the model are reduced model 2. In the full model the lag sum 

coefficient    was significant which indicate that if the changes in output are positive it will increase 

the gross investments and if it is negative will decrease the gross investments. But the major different 

between the change in output variable is that the user cost of capital has a dampening effect on the 

change in output variable, to exemplify this fact is to see if the change in output increases but also the 

user cost of capital increases, the effect is that the total increase of the change in output will be lower 

than if the user cost of capital would stay the same.    

The structural change variable    coefficient was non-significant which is the same result showed in 

the flexible accelerator model, but the difference is that the coefficient for the interaction variable was 

significant. This means that when environmental permits was implemented it decrease the marginal 

positive impact of the change in output or increase the marginal negative impact if the change in 

output is negative on the  total gross investments of the firm. The coefficient  

(   ) for the lagged investment variable was shown to be significant which states that the gross 

investments of the firm are implement this year depends on how much gross investments that was 

made the years before. The estimated values of the speed of adjustment parameter λ in the three 

models are 0.2282343, 0.208194 and 0.1570467.  The fairly low value of the adjustments parameter 

indicates a longer adjustments period for the invested capital especially compared to the flexible 

accelerator model.  

The overall result by comparing the Neoclassical model and the Flexible accelerator model with each 

other is that the Neoclassical model explains a higher proportion of the variation in gross investments 

than the Flexible accelerator model. None of the models showed that the parameter for dummy 

variable indicating a structural break were significant. The interaction variable coefficients were 

significant and negative in all the neoclassical models, except reduced model 2 that did not include the 

interaction variable. Estimates from the flexible accelerator model retrieved from the forest industry 

by Lundgren (1998) showed that the adjustment speed of capital was around 0.281 (the flexible 

accelerator model) and 0.194 (Neoclassical model), this paper showed that λ was for the full models 

around 0.288 (Neoclassical model) and 0.62 (Flexible accelerator model) which suggest that LKAB 
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have a little bit faster adjustments speed compared to the forest industry when using the neoclassical 

model whereas the flexible accelerator model the adjustment speed of LKAB is a lot quicker than the 

forest industry.     

 

6. Conclusions 
 

The purpose of this case study was to show how the introduction of environmental permit affected the 

gross investments of the mining company of LKAB. In the time series diagram portraying the gross 

investments one could observe that after the year 1998 there was a dip in the gross investments of the 

LKAB. The end results of the econometric estimation is that the introductions of the environmental 

permits effect interacts with the change in output of the mining firm and modelling the problem in the 

Neoclassical point of view showed have a negative impact on the gross investments.  The non-

significance of the parameters relating to the dummy variable and interaction variable in the flexible 

accelerator model can depend on that the introduction of environmental permits are connected to the 

user cost of capital and therefore are not significance in a model which do not include the user cost of 

capital variable. The results could show some proof of a proposed delay in the investments which 

could negatively affect the firms output. We could also observe that when the user cost of capital 

variable was introduced the speed of adjustment coefficient was decreased which indicate that it takes 

longer for the investments to be used in the production. The reason that the neoclassical model 

explained more of the variation in the dataset than the flexible accelerator model can depend on the 

fact that the investments behaviour of a firm thus takes in account a cost of capital a part of the price 

of the good.  

This study was conducted to include just one major mining firm and how the introduction of the 

environmental permits has affected the firm. The reason for conducting this study is to give an 

indication what the environmental permits have meant for the whole of the mining industry. But the 

environmental permits can have different effect on different kinds of mining firms. LKAB is a large 

mining firm and the impact of environmental permits may have different impact on LKAB compared 

to smaller and a newly started mining firm. The environmental permits could mean that it creates an 

entry barrier for the smaller and  a newly started mining firms mainly because these firms are often 

more sensitive to delay and have a high start-up cost for operations which mean a higher initial cost. 

Therefore it is more important for the smaller and newly started mining firms to begin operation as 

quickly as possible. There can also be a competition of hiring consultants to help with the process of 

retrieving the permit, when the prices for consultants are high the smaller firm are affected in greater 

extent than the larger firms. A potential consequence could be that smaller and newly started firm are 
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denied entry into the market. Mainly because of the initial high start-up cost and this cost is increased 

by the process of environmental permits. This could also hinder the possibility of local mining 

companies to extract local mineral deposits and instead the multinational companies are exploiting the 

deposits.  

The main conclusion of this paper is that there are statistical evidence that the introduction of 

environmental permits has a negative effect on the gross investments of LKAB. This negative effect is 

connected to the output of the firm and the user cost of capital.   

6.1. Policy implications: 
 

In recent years the environmental debate has intensified, the consequence of this is the implementation 

of tougher regulations concerning operations that are hazardous to the environment.  A result of this is 

the introduction of environmental permits. As shown in the section relating to the case study of 

LKAB, is that the regulation does have some negative impact on the investments in the both the 

graphical analysis and the statistical analyses portrayed in the empirical findings.  

The end result is that the ramifications regarding the introduction of the environmental permit may be 

a decrease in the total gross investments made by the mining firms and a decrease in the output made 

by the mining firms. This could lead to less employment and less tax revenue for the municipalities 

and the government, which could increase unemployment and create some migration from the mining 

municipalities. The end game could be that the mining firms lose the ability of being competitive on 

the global market and staying competitive is crucial mainly because of the cost structure of Swedish 

mines which has the majority of mines underground, which is often associated with higher cost than 

open pit mines. However, the increasing criticism of the long processing time surrounding the 

environmental permits has caused a reaction from the government.    In February 2013 the government 

introduced a new mineral strategy which involved increasing the amount of administrator working 

with environmental permits, concentrating the decision process, and the introduction of more 

processing units. However, the new mineral strategy also involves a recertification of the need to 

preserve the environment and the necessity to thoroughly investigate the impact of the proposed 

operation by the mining firms. The introduction of environmental permits may have discouraged the 

investments behaviour of the firm but maybe a more efficient process will encourage mining 

companies to expand their operations. A more efficient processing procedure could also promote 

smaller mining firms to expand operations and allow more entry into the mining market which in turn 

could encourage greater competition.  
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6.2. Further research 
 

This paper has form a description of the possible effect of the introduction of environmental permit in 

a simple framework. Extension of modelling this problem can be made on several point, this papers 

only suggest a rather simple modelling of the problem. If one would instead use a more complex 

model like the Real Option theory and measure the impact of the environmental permits in a different 

framework, by modelling uncertainty about the processing times of the environmental permits. 

Another extension to the model is to find aggregate data for the whole mining industry instead of just 

one firm, which could possible yield different results.  With this data, one could separate the sample 

into small firms and large firms, and then compare the effect on the environmental permits on each 

one.   
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Appendix 1: 
 

Derivation of equation (13): 

  

   (   )           
   

  
 (   )      

     

  
(   )  (   )     (   ) 

This can be rewritten as when remembering that           (   )     we get the following 

expression: 

    (   )        
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By collecting terms we get the final expression as: 

      (
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Koyck geometric distributed lag: 
 

         (       ) 

Substituting in the demand for capital in the Cobb-Douglas functional form: 

    
   

  
 (   )     

If we were to write this for different time period t-1, t-2 and t-3 and substitute each expression into the 

expression for   . We will arrive at distributed lag formulation with geometrically declining weights 

(Gujari 2003, 234).  

    (     (   )      (   )       ) 

Or  

         ( (       )   (   )(         )   (   ) (         )   ) 
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Almon lag polynomial: 
All the formulation and notation are taken from Basic econometrics by Gujari pages 687-692. 

The dependent variable is Y which represents investments and the independent variable X is the 

change in output variable. Our linear regression without the lagged dependent variable and the present 

of the interaction variable is formulated as: 

                                    

Where K is the amount of lags and    is the random disturbance term. These can more easily be 

written as: 

     ∑      

 

   

    

Almon assumes that the    can be approximated by suitable-degree polynomial in i and lag length. 

This polynomial can be of second degree (quadratic), third degree or higher. The polynomials that are 

most widely used are the second degree and third degree. In our model we will use a second degree 

polynomial (Basic econometrics page 689). 

Therefore will our β be approximated by: 

             
  

Substituting this expression into our above gives: 

     ∑(          
 )    

 

   

      ∑      

 

   

 ∑        ∑   
        

 

   

 

   

 

In order to estimate this we create new variables: 

     ∑    

 

   

 

     ∑     

 

   

 

    ∑      

 

   

 

We substitute these new variables into the expression: 
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Running a regression on this expression to retrieve the    estimates, then to obtain    we do the 

following: 

  ̂     ̂  

  ̂     ̂    ̂    ̂ 

  ̂     ̂     ̂     ̂ 

           

  ̂     ̂     ̂      ̂ 
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Appendix 2 
 

Time series data plot: 
 

Figure 3. Output gap in millions SEK. 

 

The y-axis is measured in millions SEK and the x-axis is measured in years.  

Figure 4. The risk free rate in % 

 

The y-axis is measured in % and the x-axis is measured in years.  
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Figure 5. Depreciation rate measured as %.  

 

The y-axis is measured in % and the x-axis is measured in years.  
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Appendix 3  
 

Figure 1. Picture over the environmental permit process, 
 

 


