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ABSTRACT 

 

 

 

 

This study investigates the determinant factors of supply and demand of silver. The study 

covers the time period 1973 to 2011, the factors that is being investigated is US industrial 

production index, US dollar index, US adjusted monetary base, US real interest rate, oil 

price, silver price, base metal prices and a time trend variable representing technological 

change. In order to examine how these variables affects supply and demand of silver, two 

models, one for supply and one for demand are developed and regressed by two-stage least 

squares regression techniques. The result of the demand regression shows that price of 

silver, US industrial production index, US adjusted monetary base and US dollar index and 

technology where statistically significant, where US industrial production had the largest 

impact on demand. The result of the supply regression shows that price of oil, US real 

interest rate and technology where statistically significant, with price of oil as the most 

important determinant factor for supply. 

  



 

 

SAMMANFATTNING 

 

 

 

 

Syftet med denna studie är att undersöka vilka faktorer som påverkar utbud och 

efterfrågan av silver. Studien omfattar tidsperioden från 1973 fram till och med 2011. 

Faktorerna som undersöks är US industriella produktions index US dollar index, US 

justerade monetära bas, US real ränta, oljepriset, silverpriset, basmetall index och en 

tidstrend variabel som representerar teknologisk förändring. Metoden som används är 

en tvåstegs least squares regressionsteknik. Resultatet av regressionen för efterfrågan på 

silver visade att US dollar index, US justerade monetära bas och teknologi var statistiskt 

signifikanta där US industriella produktions index hade störst påverkan på 

silverefterfrågan. Resultatet av regressionen för utbudet visade att oljepriset, US 

realräntan och teknologi var statistiskt signifikanta där oljepriset hade störst påverkan på 

silverutbudet. 
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1. INTRODUCTION 

 

 

 

 

Silver is a precious metal with a long history of being used for trade, as ornaments and 

as basis for monetary systems. Today, silver has a variety of applications, such as in 

mirrors, photography, electrical and electronic products. Like other precious metals, 

silver is also used as an investment to protect against inflation and currency devaluation. 

As an element, silver has some very unique properties; it has the highest optical 

reflectivity as well as the highest thermal and electrical conductivity of all the metals 

(USGS, 2013). Because of its unique elemental properties, it is almost impossible to 

substitute it (Silver institute, 2013a). 

 

Silver is being traded on the major global commodity markets of London, Zurich, New 

York, Chicago and Hong Kong, but the most important market for the determination of 

the price of silver is the COMEX division of New York Mercantile Exchange. In 2011 

the total value of the global trade of silver amounted to about 36.5 billion US dollar 

(Silverinstitute, 2013b). Compared to other metals the silver market is relatively small. 

For example, the estimated value of the global trade of gold in 2011 amounted to about 

205.5 billion US dollar (World Gold Council, 2012). 

 

In recent years the price of silver has been in a strong upward trend due to strong 

fabrication demand and a boom in investment demand, with record sales of silver coins 

and bullions as well as large influx in trading vehicles such as exchange traded funds 

(Silverinstitute, 2013c). Rising inflation expectation due to loose monetary policies 

might be a reason for the boom in silver investment demand.  

 

Although numerous studies have been done on related metals such as gold, few have 

been done on silver. There exists a research gap here, probably due to the relatively 

small size of the silver market. Nevertheless, silver is an important metal with many 

uses, and increased knowledge on the subject should be of value for both researchers 

and silver market participants. 
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1.1 Purpose 

The purpose of this study is to investigate the silver market by examining the factors 

that affect supply and demand of silver. And by doing so, attempt to fill the research 

gap that exists on the subject and contribute to a wider understanding of the silver 

market. 

 

1.2 Scope  

This study intends to investigate the silver market by constructing two mathematical 

models - one that explains supply and another that explains demand - based on 

microeconomic theory as well as findings from previous studies. The study covers the 

time period from 1973 to 2011. The reason for this chosen time period is that before 

1973, the US government was intervening heavily in the silver market trying to keep the 

price of silver below its monetary value in coinage. 

 

1.3 Methodology 

In order to examine the factors that affects supply and demand of silver a two-stage 

least squares regression analysis is being used, which is a common approach when 

dealing with exogenous variables such as price and quantity. The supply factors that is 

being examined is, price of silver, US real interest rate, price of oil, price of base metals 

and technological development. The demand factors that is being examined is price of 

silver, US industrial production index, US dollar index, US adjusted monetary base and 

technological development. 

 

1.4 Outline 

The paper is structured in the following way; in chapter two, the market of silver and its 

different sources of supply and demand are being explained. In chapter three, an 

overview of the previous studies relevant to this is being presented. In chapter four, the 

theory of how supply and demand of silver is determined is explained. In chapter five, a 

presentation of the variable data used in this study can be found along with some 

descriptive statistics. Chapter six deals with the methodology that is being used and in 

chapter seven, the result of the supply and demand regressions is presented and 

analyzed. The final chapter contains a brief discussion and some conclusions. Graphs of 

all the variables used in the study can be found in the appendix. 
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2. LITERATURE OVERVIEW 

 

 

 

 

This chapter contains an overview of the previous studies on precious metals along with 

some conclusions and a brief discussion of the contribution of this study. 

 

2.1 Empirical results from previous studies 

Winkop (2012) investigates the determinants of the price of silver using cointegration 

regression techniques. The study uses monthly data that covers the period from 1986 to 

2012. The findings show that the consumer price index has the biggest impact on the 

price of silver which confirms that silver is a good hedge against inflation. The US 

dollar index was found to be an important factor for demand of silver, where an 

appreciation of the US dollar against other currencies leads to stronger demand and 

rising prices. Furthermore, macro-economic variables of the US were found to have a 

larger impact on silver than OECD variables.  

 

Demkiv (2010) examines the supply and demand of the world gold market using two-

stage least squares regression analysis. His result shows that the factors having the 

biggest impact on supply is price of gold, the average level of profit in the gold mining 

industry and the strength of the US dollar. The factors that were found to have the 

biggest impact on gold demand were net investors’ position and the volume of the 

jewelry market. 

 

Frankel (2006) investigated the relationship between US real interest rates and real 

commodity price. The theoretical argument for a relation between commodity prices 

and high real interest rate is that the high interest rate, increase the incentive for the 

producers to extract the commodity today rather than tomorrow so they can earn interest 

on the proceeds from the sale. This leads to an increase in the quantity supplied and 

drives down the price of the commodity. High interest rate also has the effect that it 

encourages speculators to shift out from commodity contract and into treasury bills,  

which reduce the demand for the commodity and drives the price down. The hypothesis 

was tested by performing regression analysis for different time periods and annual data 
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for a set of commodities. The results showed a significant negative relationship between 

real interest rates and commodity prices over the time period 1950-1979 for almost all 

commodities. Silver also had a negative relationship to real interest rate during this time 

period; however it was not statistically significant. The results from time period 1980-

2005 showed no stable negative relationship between commodity prices and real interest 

rate. 

 

Baffes (2007) tested the relationship between commodity prices and oil price. The way 

in which crude oil prices affect other commodity prices happens through different ways. 

On the supply side, oil prices affect the cost function mainly through the energy inputs 

in the production process, but also through transportation over long distances. On the 

demand side, a rising oil price can be seen as sign of rising inflation. In an environment 

of high inflation, owning commodities and especially precious metals is a way of 

preserving ones wealth; this leads to an increase in the demand of commodities and 

pushes the price upwards. In the study Baffes performs a regression analysis on a set of 

35 different internationally traded primary commodities for the time period 1960-2005 

annual data. The result shows a strong positive correlation between oil prices and the 

price of silver. The elasticity for silver was 0.58 which means that if the oil price 

increases by one percent, the price of silver increases by 0.58 percent. The average 

elasticity for non-energy commodities was 0.16. 

 

Toraman (2011) examined factors affecting the price of gold. The factors that was 

examined was oil prices, US Dollar Index, US real interest rates and Dow Jones 

Industrial Production Index. The study used monthly data between June 1992 and 

March 2010. The variables were then analyzed with a MGARCH model. The empirical 

finding showed that the highest correlation was between gold prices and US Dollar 

Index with a negative correlation coefficient of -0.47, the second highest was between 

gold prices and oil prices with a positive correlation coefficient of 0.15. 
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Lampinen (2007) investigates the short- and long-run price determinant factors of gold 

using monthly data from December 1972 to August 2006. The factors that was 

examined were US and world consumer price indexes, US and world inflation and 

inflation volatility, US dollar index, credit default risk,  beta of gold and gold lease rate. 

The factors were analyzed using cointegration regression techniques. The main finding 

of the analysis was that there exist a long term positive correlation between the price of 

gold and US consumer price index where one percent increases in the US price level 

leads to a one percent increase in the price of gold. A significant negative correlation 

was also found between the price of gold and the US dollar index. On the short term, the 

findings indicate that political risk and uncertainty has a big impact on the price of gold.  

 

2.2 Summary and conclusions 

The conclusions that can be drawn from these previous studies is that US macro 

variables such as US consumer price index and US dollar index have a big impact on 

demand and price of both gold and silver. The empirical results show that the demand 

and price of gold and silver is positively correlated with US consumer price index, 

which suggests that both metals act as a hedge against inflation. The correlation with the 

US dollar index were found to be negative, suggesting that demand decreases as the 

exchange rate of the US dollar appreciates against the other currencies. The price of 

silver also seems to have a very high positive correlation - compared to other non-

energy commodities - with the price of oil.  

 

2.3 Contribution of this study 

Other studies on precious metals have mostly examined factors affecting the prices of 

silver and gold, no previous study has been found that directly investigate the factors 

that affects supply and demand of silver. Using a similar approach as previous studies 

on supply and demand of gold, this study intends to add to the existing literature on 

precious metals, an examination of the factors that affect supply and demand of silver. 
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3. THE SILVER MARKET 

 

 

 

 

In this chapter, the silver market with its different sources of supply and demand of 

silver is described along with a brief examination of the silver price and its movements 

during the time period that is being studied 

 

3.1 Sources of supply 

The total supply of silver consists of two components; mine production and above-

ground stocks. Figure 3.1 shows total supply and mine production measured in million 

ounces from 1973 to 2011. The above-ground stock is the difference between total 

supply and mine production in the figure. The total silver supply in 2011 amounted to 

1,039.4 million ounces (Silver institute, 2013b) 

 

Figure: 3.1: Silver supply 

Source: Data from Silver institute (1991 and  2013b), 

GFMS (2000 and 2010) 
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3.1.1 Mine production 

As can be seen in figure 3.1 most of the supply of silver comes from mine production. 

In 2011 supply from mine production amounted to 757 million ounces, which 

represented about 70 percent of the total supply in that year. Most of the silver that is 

being produced comes as a by-product from the production of other metals such as 

copper, zinc, lead and gold. Primary silver mining only accounted for about 30 percent 

of the total production in 2011.  

 

Figure 3.2 shows the percentage share of the total mine production of silver by country 

in 2011. As can be seen in the figure, a large part of the silver that is being produced 

comes from South- and central American countries such as Mexico, Peru, Chile and 

Bolivia, which together stands for almost 50 percent of the total mine production of 

silver. 

 

 

Figure: 3.2: Silver production per country in 2011 

Source: USGS (2013) 

 

3.1.2 Above-ground stock 

The second supply component is above-ground stock which represents about 30 percent 

of the total supply. It consists of net producer hedging, net government sales, old silver 

scrap and implied net disinvestment. Net producer hedging is the mining companies’ net 

forwards and options positions which are taken to limit the risk of falling prices. Net 

government sales are the governments’ net sales from their commodity stock.  
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Old silver scrap is recycled silver and implied net disinvestment is the difference 

between all the above and the total supply (Silverinstitute, 2013b).  

 

Figure 3.3 shows the composition of the supply that comes from above ground 

measured in million ounces for the years 2003 to 2011. As can be seen in the figure, the 

largest part of above-ground supply comes from recycling of old silver scrap. Supply 

from old silver scrap increased from 199.8 million ounces in 2009 to 258.1 million 

ounces in 2011. This increase can probably be attributed to the recent rise in the price of 

silver as higher prices make it more profitable to recycle. A negative trend can be seen 

in net government sales which have decreased from 88.7 million ounces in 2003 to 12 

million ounces in 2011 (Silver institute, 2013b). The reason for the decrease in net 

government sales could be shrinking government stockpiles of silver. The figure also 

shows that producers were hedging in 2005, 2010 and 2011, and that some net 

disinvestments occurred in 2003 and 2007. The figure also shows that producers were 

hedging in 2005, 2010 and 2011, and that some net disinvestments occurred in 2003 and 

2007. Total supply of silver increased from 889.8 million ounces in 2003 to 1076.2 

million ounces in 2011 (Silver institute, 2013b). 

 

 

Figure 3.3: Above-ground supply 

Source: data from Silver institute (2013b) 
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3.2 Sources of demand 

The total demand of silver consists of fabrication demand, producer de-hedging and 

implied net investment. The fabrication demand comes from five sectors; industrial 

application, photography, silverware, jewelry and coins & medals. Producer de-hedging 

is the mining companies’ closing of forwards and options positions, and implied net 

investment covers the demand from all the other sources. Total silver demand in 2011 

amounted to 1,039.4 million ounces. (Silverinstitute, 2013b). Figure 3.3 shows the 

sources of the total demand of silver measured in million ounces from 2003 to 2011. 

 

 

Figure 3.3: Sources of silver demand 

Source: data from Silver institute (2013b) 

 

As the figure shows, most of the silver demand comes from industrial demand. In 

industry, silver is an important input factor in a variety of products, such as computers, 

cell phones, televisions and automobiles (TR GFMS, 2012a). The industrial demand for 

silver increased from 368.4 million ounces in 2003 to 487.8 million ounces in 2011 

(Silver institute, 2013b). The reason for the increase in industrial demand is probably 

due to economic growth. The slump in industrial demand from 2008 to 2009 which can 

be seen in the figure can be attributed to the economic turmoil of 2008 and 2009.  

A negative trend in demand from the photography sector can be seen due to the 

increasing market share for digital photography and film. Photography demand for 

silver decreased from 192.9 million ounces in 2003 to 66.1 million ounces in 2011 
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(Silver institute, 2013b). A positive trend in demand can be seen for coins and medals 

and implied net investment, presumably due to rising interest in silver from speculators. 

From 2003 to 2011, coins and medals demand increased from 35.7 million ounces to 

118.3 million ounces while net investment increased from practically zero in 2003 to 

132.3 million ounces in 2011 (Silver institute, 2013b). A negative trend can be seen in 

silverware demand which has decreased from 85.1 million ounces in 2003 to 48.3 

million ounces in 2011, while jewelry demand has been quite stable around 180 million 

ounces during the whole period. Total demand increased from 889.8 million ounces in 

2003 to 1039.4 million ounces in 2011 (Silver institute, 2013b). 

Figure 3.4 shows the percentage share of silver consumption per country in 2010. As 

can be seen United States is the largest consumer of silver followed by China and Japan. 

Together they stand for over half of the world silver consumption (Statista, 2013).  

 

 

Figure 3.4: Silver consumption per country 

Source: Data from Statista (2013) 

 

3.3 Price 

Historically, there has been a strong relationship between the price of silver and the 

price of gold because of their similar uses, such as in ornaments and as basis for 
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fabrication demand – have led to a weakening of the relationship between the price of 

gold and silver (GFMS, 2009). 

 

The relatively small market size of silver makes it vulnerable for manipulation as was 

the case in 1979-1980 when the Hunt brothers cornered the silver market, which led to 

scarcity and high price volatility. From September 1979 to January 1980 the price of 

silver rose from $9 per ounce to $50 per ounce before falling back to $11 per ounce in 

March 1980 due to regulatory interventions (Hiltzik, 1985).  

 

Figure 3.5 shows the yearly averages real and nominal price of silver measured in US 

dollar per ounce from 1973 to 2011. The exploding prices due to the cornering of the 

silver market by the Hunts are clearly visible in the figure. From 2001 to 2011 the real 

yearly average price of silver increased from $5.57 per ounce to $35.15 per ounce 

(USGS, 2012). Stronger fabrication and investment demand is a major contributing 

factor to the recent boom in the price of silver (Silver institute, 2013c). 

 

 

Figure 3.5: Price of silver                                                                                                         

Source: data from USGS (2012) 
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4. THEORY 

 

 

 

 

In this chapter the law of supply and demand is described along with an explanation of 

the factors that is assumed to affects supply and demand of silver. 

 

4.1 Law of supply and demand 

The law of supply and demand states that when the price of a good increase, supplied 

quantity increases as sellers are more willing to sell at a higher price, while demanded 

quantity decreases, as buyers are less willing to buy at the higher price - holding all else 

equal. Assuming a market in equilibrium, supplied quantity always equals demanded 

quantity, and the price that the sellers are willing to sell the good for, always equals the 

price the buyers are willing pay for the good (Parkin et al, 2000). This is shown in 

figure 4.1 where P* and Q* is the equilibrium price and quantity. 

 

 

Figure 4.1: Market equilibrium 

Source: Beggs (2013) 

 

Figure 4.2 shows the short run supply and demand curve of commodities. The market is 

in equilibrium when the supply curve (S) intersects the demand curve (D). The 

production capacity is utilized as long as the price covers the variable costs. On low 

production levels as Q1, the supply curve is relatively flat with high price elasticity, but 

when production is approaching full capacity – which is the normal condition in 
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perfectly competitive markets – the supply curve becomes steeper and the price 

elasticity decreases. When production capacity is fully utilized the supply curve 

becomes perfectly inelastic as in Q3, and the producers cannot increase their supply any 

further regardless of the price (Radetzki, 2007). 

 

A shift in demand curve from D1 to D2 which raises the supplied quantity from Q1 to Q2 

causes the producers to utilize more of their production capacity. The higher variable 

cost associated with the utilization of more of the producers production capacity, pushes 

the price upward from P1 to P2. An upward shift in the demand curve can either be the 

cause of economic growth, or expectations of an imminent price increase.  

 

 

Figure 4.2: Short-run supply and demand 

Source: Radetzki (2007) 

 

The high prices associated with fully utilized production capacity are an incentive for 

the producers to invest in increased production capacity. Therefore, due to high prices 

economically exploitable resources tend to be very high in the long-run. Another effect 

that occurs in the long run is that the extraction process becomes more efficient as result 

of development in technology and know-how. This causes the supply curve to become 

more flat in the log-run as is shown in figure 4.3. However, the actual price and quantity 

is always determined in the short-run (Radetzki, 2007). 
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Figure 4.3: Long run supply and demand 

Source: Radetzki (2007) 

 

4.1 Factors affecting supply 

In this subchapter, five factors assumed to affect the supply of silver are identified and 

justified. These factors are price of silver itself, real interest rate, price of oil, price of 

base metals and technology. 

 

4.1.1 Price 

The price of silver is assumed to be positively correlated with the supply of silver, 

where an increase in the price of silver causes supply of silver to increase as well. How 

big of an impact the price has on the supplied quantity depends on the price elasticity of 

supply (PES).Price elasticity of supply measures the response in supplied quantity to a 

change in its price. This can be written as:  

 

      
                                      

                          
 

 

A PES value of less than one indicates inelastic supply, while a PES value greater than 

one indicates elastic supply. Thus, the response in the supplied quantity of a good to a 

change in its price is lower for goods with inelastic supply than for goods with elastic 

supply. This is illustrated in figure 4.3 where the PES value decreases when moving to 

the right along the supply curve. 
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In the short-run, minerals tend to have a low price elasticity of supply since it takes time 

for the producers to adjust their production capacity to price changes. In the case of 

precious metals, secondary sources of supply such as recycling of old scrap represents a 

relatively large part of the total supply. This tends to increase its elasticity of supply to 

some degree (Radetzki, 2007).  

 

4.1.2 Real interest rate 

In a paper by Hotelling (1931) a theory is presented on how to exhaust non-renewable 

resources over time while maximizing the present value, in a competitive market. The 

theory states that the net price, which is the price received for the resource minus the 

cost of extracting it, must increase at the rate of interest. The equation is: 

 

pt = p0 e
rt
 

 

where pt is the price in period t, p0 is the initial price and r represents the real interest 

rate. The reason behind that is that when the real interest rate is high, the producers want 

to extract the resource at a faster rate so they can invest the proceeds from the sales in 

bonds which generates higher dividend. On the other hand when the real interest rate is 

low, the producers are better off keeping the resource in the ground for a while, where 

its value appreciates at a faster rate than bonds.  

The effect real interest rate has on the extraction of non-renewable resources is 

illustrated in figure 4.4, where curve (a) in the upper-left is the demand curve and curve 

(b) in the upper-right represents the optimal price of the resource owner. The shaded 

area in the lower-left is the total resource stock enveloped by curve (c) which is the 

extraction rate. With given demand, stock, and interest rate, the interconnection between 

curve (a), (b) and (c) represents a point in time of optimal exploitation. In this case the 

point in time is zero. As the figure shows, the initial effect of an increase in the real 

interest rate – holding stock and demand equal – is that the extraction rate and supplied 

quantity increases while the price of the resource decreases. Therefore, in the short-run 

the supply of silver is expected to be positively correlated with the real interest rate. 

However in the long-run, the high extraction rate under high real interest rates causes 

the resource stock to get exhausted at a quicker rate – compared to under low real 

interest rate – which leads to scarcity and higher prices. 
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Figure 4.4: Effect of real interest rate on non-renewable resources 

Source: Arne (2013) 

 

4.1.3 Price of oil 

The producers will only supply the market as long as the price covers the producers’ 

variable costs. When the cost of the mining production increases as a consequence of 

increased variable costs, the mining companies will no longer be able to supply the 

same quantity at the same price as before. This shifts the supply curve in figure 4.2 

upward and causes price to increase and supplied quantity to decreases. In this study the 

price of oil will be used as a proxy for the producers variable costs, since a large part of 

the miner’s variable cost is related to the price of oil, such as petroleum products, 

energy and transportation costs (Topp et al, 2008). The supply of silver can therefore be 

expected to be negatively correlated with the price of oil where an increase in the price 

of oil causes supply of silver to decrease. 

 

4.1.4 Price of base metals  

Since silver is mostly produced as a byproduct of base metals such as copper, zinc, lead 

and gold, the prices of these metals also affects the supply of silver. Where an increase 

in the prices of the base metals would cause mine producers to increase the production 

of these metals, which in turn would lead to an increase in the production of silver as a 

by-product (Radetzki, 2007). Referring to figure 4.2, this would be represented by a 

shift of the supply curve to the right. 
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4.1.5 Technology 

New technologies is constantly being developed which allows producers to lower their 

production costs and make a larger profit. With lower production costs, the producers 

can choose to either supply the same quantity at a lower price, or supply a larger 

quantity at the same price. Producers who adopt the new technology make economic 

profits, while producers who do not switch to the new technology makes economic 

losses and eventually exit the market. In the long run, all firms use the new technology 

and produce at the same cost and make zero profit. With a given demand, new 

technology causes the supply curve in figure 4.2 to slowly shift downward which leads 

to an increase in supplied quantity and a decrease in price (Parkin et al, 2000). 

 

4.2 Factors affecting demand 

In this subchapter, five factors assumed to affect the demand of silver are identified and 

discussed. These factors are price of silver, industrial production, US dollar exchange 

rate, monetary base and technology.  

 

4.2.1 Price of silver 

The price of silver is assumed to be negatively correlated with the demand of silver, 

where an increase in the price of silver causes demand quantity of silver to decrease. 

How big of an impact the price has on demand depends on the price elasticity of 

demand (PED). Price elasticity of demand measures the response in demand to a change 

in its price. This can be written as:  

 

      
                                      

                          
 

 

A PED value of less than one indicates inelastic demand, while a PED value greater 

than one indicates elastic demand. Thus, the response in demanded quantity of a good to 

a change in its price is lower for goods with inelastic demand than for goods with elastic 

demand. Price elasticity of demand for a good depends on the closeness of substitutes, 

the proportion of the income that is spent on it and the time passed since it price 

changed (Parkin et al, 2000).  
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In general, commodities have few valid substitutes and they usually represent a low 

portion of the price in finished goods. This causes the price elasticity of demand for 

commodities to be relatively low in the short run. This is illustrated by the steep slope of 

the demand curve in figure 4.2 where an increase in price would only lead to a marginal 

decrease in demanded quantity in the long run it tends to increase as new substitutes is 

being developed (Radetzki, 2007).  

 

4.2.2 Industrial production  

Due to silvers unique elemental properties it has a many industrial applications. Its high 

conductivity, resistance to corrosion and ability to endure extreme temperatures make it 

an important input factor in a variety of products, such as computers, cell phones, 

televisions and automobiles (TR GFMS, 2012b). Industrial demand represents a large 

part of the total demand for silver; in 2011 the industrial demand for silver represented 

about 47 percent of the total demand for silver (Silver institute, 2013b). Therefore, 

changes in industrial growth should have a relatively large impact on the total demand 

for silver, where an increase in the growth of industrial production causes demand of 

silver to increase as well. 

 

4.2.3 US Dollar exchange rate  

Prices of most commodities including silver are primarily traded in US dollar. When the 

US dollar appreciates relative to other currencies, silver becomes more expensive 

outside the United States. This would lead to decreasing demand for silver in these 

countries, and as about 80 percent of all silver are consumed outside the United States – 

as can be seen in figure 3.4 – the total demand of silver would fall, as well as its price. If 

the U.S dollar would depreciate against other currencies the opposite would happen, 

leading to higher demand for silver. This relationship is being confirmed in the study by 

Winkop (2012). 

 

4.2.4 Adjusted monetary base 

The adjusted monetary base is an index which measures the Federal Reserve’s balance 

sheet of its open market operation, lending, discount window, unsterilized foreign 

exchange and market intervention. This index is seen as a good indicator of 

accommodative or restrictive monetary policy. Rapid growth of the index, caused by an 
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accommodative monetary policy has often preceded rising inflation (Anderson et al, 

1996). Since silver is considered as a store of value it is reasonable to assume that 

investment demand for silver increases during times of accommodative monetary 

policies as investors buys silver as a hedge against inflation. Thus, a positive correlation 

between silver demand and the adjusted monetary base is expected. 

 

4.2.5 Technology 

Technological improvements in production that uses silver as an input factor, leads to a 

more efficient use of silver in production and in some cases silver can be substituted for 

cheaper and better alternatives. An example of this is the use of silver in photography 

which began to decline when the digital cameras entered the market (Silverinstitute, 

2013d). 

 

4.3 Summary of factors and hypothesis 

In table 4.1, the supply and demand variables that were presented in the previous 

sections are summarized along with the hypothesized correlation between them and 

supplied- and demanded quantity of silver.  

 

Table 4.1: Summary of factors and hypothesis 

Factors affecting supply Hypothesized correlation with supply 

Price of silver Positive 

Real interest rate Positive 

Price of oil Negative 

Price of base metals Positive 

Technological improvements Positive 

Factors affecting demand Hypothesized correlation with demand 

Price of silver Negative 

Industrial production Positive 

US dollar exchange rate Negative 

Adjusted monetary base Positive 

Technological improvements Negative 
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5. DATA 

 

 

 

 

In this chapter, description and sources of the variable data used in the study is 

presented along with some descriptive statistics and a correlation matrix. 

 

5.1 Variable description 

The data for the variables that are used in this study are annual data and covers the 

period from 1973 through 2011. The reason for the chosen time period is that before 

1973, the US government was intervening heavily in the silver market trying to keep the 

price of silver below its monetary value in coinage. US macroeconomic variables are 

used in this study since earlier studies have found that silver seems to be most affected 

by the macroeconomic variables of the US. Descriptions and sources for of all the 

variables that is included in the study are shown in table 5.1.  

 

Table 5.1: Variable description 

Variable  Description Source 

Silver quantity (Q) Total quantity of silver measured in 

million ounces 

 

Silverinstitute (1991 

and  2013b) 

GFMS (2000 and 

2010) 

Silver price (P) Real yearly average prices 

measured in US dollar per troy 

ounce.  

 

USGS (2012) 

US Industrial 

production index (IP) 

Real yearly output of 

manufacturing, mining and utilities 

in the US 

 

FED (2013) 

US Real interest rate 

(IR) 

Yearly average lending interest rate 

minus inflation rate in the US 

 

World bank database 

(2013) 

US Dollar index 

(USD) 

Real trade weighted average of the 

foreign exchange value of the US 

dollar against the major currencies 

  

FED (2013) 
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US adjusted monetary 

base (MB) 

 

US adjusted monetary base 

(AMBNS) measured in billion US 

dollar adjusted for inflation 

 

FED (2013) 

Oil price (OIL) Real yearly average oil prices, 

measured in US dollar per barrel 

 

FED (2013) 

Base metals price 

index (BM) 

Index of real yearly average copper 

and zinc prices, measured in U.S. 

dollar per ton 

 

USGS (2012) 

Technology (T) Technology is represented by a 

time trend variable 

 

 

 

5.2 Descriptive statistics 

Table 5.2 displays descriptive statistics of all the variables except the technology 

variable, the total number of observation is 39. Volatility is calculated by dividing the 

standard deviation of the variable by the mean of the variable. As can be seen in the 

table, price of silver (P) is the variable with the highest volatility. The reason for the 

high volatility of the silver price could be the relative small market of silver which make 

it sensitive to speculators, as was the case in 1979-1980 when the hunt brothers 

cornered the silver market. However, commodities are characterized by high volatility 

due to its low price elasticity (Radetzki, 2007). Supply and demand of silver, 

represented by the silver quantity variable (Q) has quite low volatility, since production 

and consumption of silver doesn’t fluctuate that much over time.  

 

Table 5.2: Descriptive statistics 

Variable Mean Max  Min  Std. Dev. Volatility 

Q 762.57 1029.92 524.32 134.33 0.18 

P 14.68 56.32 5.57 10.18 0.69 

IR 4.40 8.68 -1.47 2.42 0.55 

OIL 49.14 104.49 16.80 9.39 0.19 

BM 2608.76 4482.67 1218.48 939.81 0.36 

IP 6926.36 10000.00 4085.00 1917.08 0.28 

USD 95.92 133.55 70.82 14.05 0.15 

MB 719.19 2538.95 360.77 477.93 0.66 
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5.3 Correlation 

Table 5.3 displays the correlation between the variables. As can be seen in the table, the 

variable which have the highest correlation with quantity of silver (Q) is US industrial 

production index (IP) followed by US adjusted monetary base (MB) and US dollar 

index (USD). 

 

Table 5.3: Correlation matrix 

Variable Q P IP USD MB IR BM OIL 

Q  1        

P -0.36  1       

IP  0.85 -0.35  1      

USD -0.71  0.04 -0.58  1     

MB  0.74  0.07  0.68 -0.62  1    

IR -0.37  0.08 -0.04  0.34 -0.33  1   

BM  0.14  0.50 -0.07 -0.42  0.28 -0.41 1  

OIL -0.18  0.79 -0.04 -0.08  0.24 -0.08 0.56 1 
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6. METHODOLOGY 

 

 

 

 

In this chapter the econometric technique that is being used to estimate supply and 

demand of silver is described along with the test that is being used to check for 

autocorrelation and heteroscedasticiy. 

 

6.1 Structural equation system 

Based on the theory in chapter four two equations are constructed, one that explains 

supply and another that explains demand. In order to be able to interpret the coefficients 

of the equations as elasticities, the variables are transformed into natural logarithmic 

form. 

 

lnQs = α0 + α1lnP + α2lnIR + α3lnOIL + α4lnBM+ α5T                                                                      (6.1)    

lnQd   β0 + β1lnP + β2lnIP + β3lnUSD + β4lnMB + β5T                                            (6.2)    

Q = Qs = Qd                                                                                                                                                                          (6.3)    

 

Equation 6.1 explains the supply of silver and equation 6.2 explains demand of silver. 

The explanatory variables of the equations are price of silver (P), US real interest rate 

(IR), price of oil (OIL), price of base metals (BM), US industrial production index (IP), 

US dollar index (USD), US adjusted monetary base (MB) and technology (T) which is 

represented by a time trend variable. Assuming the market always clears, quantity 

supplied always equals quantity demanded which makes both dependent variables 

equal, which equation 6.3 shows.  

 

A condition for the OLS regression to be consistent and unbiased is that there is no 

correlation between the error term and the corresponding explanatory variables. 

Variables that are correlated with the error term are called endogenous variables and are 

determined inside the equation system. Variables determined outside the system and are 

uncorrelated with the error term are called exogenous variables. When estimating the 

supply and demand equations 6.1 and 6.2 the problem of endogeneity occurs since the 
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equations consists of two endogenous variables, price (P) and quantity (Q). These two 

variables are determined simultaneously inside the equation system where price affects 

quantity and quantity affects price. A common approach to handle problems like this is 

to use a regression technique called two-stage least squares (2SLS). By applying 2SLS 

regression, consistent and unbiased estimates of the equations can be obtained (Brooks, 

2008). 

 

6.2 Two-stage least squares 

As the name suggests 2SLS involves using OLS regression in two stages, in the first 

stage a reduced form of the structural equations is estimated where the endogenous 

right-hand side variable is regressed on all the exogenous variables in the equation 

system. Then a fitted value of the endogenous variable is calculated by subtracting the 

residual of the regression from the actual value of the regressed endogenous variable. 

The fitted value is a linear combination of all exogenous variables, and since the 

exogenous variables are uncorrelated with the error term, a linear combination of them 

will also be uncorrelated with the error term. In the second stage, the fitted value is 

substituted for the endogenous right-hand side variable in the structural equations. The 

transformed structural equations are then regressed to obtain consistent and unbiased 

estimates of the equations (Brooks, 2008). 

 

6.2.1 Order condition for identification  

In order to be able to perform 2SLS regressions on the equations of supply and demand 

they must satisfy the order condition for identification. This condition says that the 

number of exogenous variables included in the whole equation system, but excluded 

from the equation that is being estimated, must be equal or greater than the number of 

right-hand side endogenous variables in the equation that is being estimated. It can be 

formulated as: 

 

X ≥ G – 1                                                                                                                      (6.4) 

 

Where X is the number of exogenous variables included in the whole equation system 

but excluded from the equation that is being estimated, and G is the number of 

endogenous variables in the equation that is being estimated.  
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Since X equals four and G-1 equals one for both equations 6.1 and 6.2 they are 

identified and 2SLS can be performed 

 

6.2.2 First stage 

In the first stage of the 2SLS regression procedure, a reduced form of the structural 

equations is estimated where the endogenous silver price variable P is regressed on all 

the exogenous variables in the system 

 

lnP   λ0 + λ1lnI  + λ2lnUSD + λ3lnMB + λ4lnIR + λ5lnOIL + λ6lnBM + λ7T + ɛ       (6.5) 

 

By subtracting the residual of the regression of equation 6.5 from the actual value of 

price variable P, a fitted value  ̂ of the silver price variable is obtained that is 

uncorrelated with the error term.  

 

6.1.4 Second stage 

By substituting the silver price variable P in structural equations 6.1 and 6.2 with the 

fitted value  ̂ of the silver price variable, the right-hand side of the equations no longer 

contains any endogenous variables. Then another regression is performed on the 

transformed structural equations. 

 

lnQs = α0 + α1ln ̂ + α2lnIR + α3lnOIL + α4lnBM + α5T + ɛs                                                            (6.6)                   

lnQd   β0 + β1ln ̂ + β2lnIP + β3lnUSD + β4lnMB + β5T + ɛd                                    (6.7)         

          

The final regression of the transformed structural equations 6.6 and 6.7 generates 

consistent and unbiased estimates of the variables affecting supply and demand of 

silver. The result from the regression of these two equations is presented in chapter 7. 
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6.3 Autocorrelation 

When regression is performed on time series data, problem of autocorrelation often 

arises, meaning that the error terms are correlated with each other. Autocorrelation can 

cause spurious correlations between variables that in reality are not correlated. One way 

to test whether there error terms are correlated with each other is to look at a graph that 

plots the residuals against time, but since it can be difficult to interpret a statistical test 

will used. The test that will be used is the Durbin-Watson test (1951); it is the simplest 

and probably the most common used test for autocorrelation. 

It will test only for relationships between an error and its closest previous value, with a 

null hypothesis of ρ = 0 in the specification: 

 

ut = ρut-1 + vt 

 

Where ut is the error in time t and ρ is the correlation coefficient of the error in time t-1 

with the error in time t. If ρ = 0 there are no autocorrelation and the error terms are 

independent of each other. The test will generate a Durbin Watson (DW) statistics that 

is then compared to a critical upper value (dU) and a critical lower value (dL). Table 6.1 

explains the criterion and conclusions for the test (Brooks, 2008). 

 

Table 6.1: Durbin Watson test criterion 

Criterion Conclusion 

DW < dL Reject H0: positive autocorrelation 

dL < DW < dU Inconclusive 

dU < DW < 4-dU Do not reject H0: no evidence of autocorrelation 

4-dU < DW  < 4-dL Inconclusive 

DW > 4-dL Reject H0: negative autocorrelation 

Source: Brooks (2008) 
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6.4 Heteroscedasticity 

If the variance of the errors is not constant over time they are said to be heteroscedastic. 

If heteroscedasticity is found to be present, the standard error could be wrong and any 

conclusion regarding the results can be misleading. To test whether heteroscedasticity is 

present in the model, White’s (1980) general test for heteroscedasticity will be used. 

This is common test and it doesn’t make any assumption about the form of 

heteroscedasticity, which is to prefer since it is often difficult to know the cause or the 

form of heteroscedasticity. To perform the White test, the squared residuals from the 

regression is regressed upon the explanatory variables used in the regression. If the p-

value of number of observations times R
2
 generated by the test is below the critical 

0.05, the null hypothesis of no heteroscedasticity must be rejected (Brooks, 2008). 
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7. RESULTS AND ANALYSIS 

 

 

 

 

In this chapter, the results of the two-stage least squares regressions are presented and 

analyzed. At the end of the chapter, a discussion of the reliability and validity of the 

data that has been used to perform the regressions can be found. 

 

7.1 Result and analysis of supply regression 

The result for the regression of equation (6.6) with supply of silver Qs as the dependent 

variable is displayed in table 7.1. The explanatory variables are C which is a constant,  ̂ 

which is the price of silver, IR which is the US real interest rate, OIL which is the price 

of oil, BM which is a price index of the base metals copper and zinc and T which is a 

time trend variable that represents technological change. The R-squared value implies 

that 77 percent of the variation in supply of silver can be explained by the regressed 

explanatory variables.  

 

lnQs = α0 + α1ln ̂ + α2lnIR + α3lnOIL + α4lnBM + α5T + ɛs                                                            (6.6)                   

 

Table 7.1: Result of supply regression  

Variable Coeficcient t-Statistic 

C 7.847 12.559 *** 

   ̂ 0.179 1.684 

lnIR     -0.088  -2.678 ** 

lnOIL  -0.310    -3.576 *** 

lnBM 0.094 1.787 * 

T 0.016 6.371 *** 

Obs: 39 R
2
: 0.770 D-W: 1.638 

* Statistically significant at 10 percent level 

** Statistically significant at 5 percent level 

*** Statistically significant at 1 percent level 

 

The coefficient of variable ln ̂ implies that supply of silver increases by 0.179 percent 

as the price of silver increases by one percent. This is coherent with the hypothesis of a 

positive correlation between supply of silver and price of silver. The relatively low 

value of the estimated coefficient indicates low price elasticity of supply, as was 

suggested by theory and it also indicates that the mine producers produce far right on 
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the supply curve in figure 4.2. However, the t-statistic shows that the estimated 

coefficient is not statistically significant. Therefore the result should be interpreted with 

caution. 

 

The coefficient of variable lnIR implies that supply of silver decreases by 0.088 percent 

as US real interest rate increases by one percent. The hypothesized correlation between 

supply of silver and us real interest rate was negative; however, the regression result 

shows a positive correlation which is not consistent with Hotelling’s theory of 

extraction of non-renewable resources where an increase in the real interest rate causes 

the supply of the resource to increase as well. The t-statistic shows that the estimation is 

statistically significant at the five percent level. 

 

The coefficient of variable lnOIL implies that supply of silver decreases by 0.31 percent 

when the price of oil increases by one percent. Of all the explanatory variables included 

in the model, price of oil seems to have the largest impact on supply of silver. The 

negative sign of its estimated coefficient is coherent with the assumption that increasing 

oil prices causes the variable costs of the mine producers of silver to rise, which in turn 

causes the producers to supply less. The t-statistic shows that the estimation is 

statistically significant at the one percent level, thus making it highly significant. 

 

The coefficient of variable lnBM implies that supply of silver increases by 0.094 percent 

as the base metal price index of copper and zinc increases by one percent. This positive 

correlation is coherent with the hypothesis that the production of silver as a by-product 

of mostly copper and zinc increases as the prices of these base metals increases. 

However, the t-statistics shows that it is only statistically significant at the 10 percent 

level, which is a low level of significance, and thus one should interpret the result with 

some caution. 

 

The coefficient of time trend variable T shows that supply of silver increases over time. 

One reason for this could be improvements in mining technology which allows the 

producers to increase their production of silver without rising production costs 



30 

 

7.2 Result and analysis of demand regression 

The result for the regression of equation (6.7) with demand of silver Qd as the 

dependent variable is displayed in table 7.2. The explanatory variables are C which is a 

constant,  ̂ which is the price of silver, IP which is the US industrial production index, 

USD which is the US dollar index, BM which US adjusted monetary base and T which 

is a time trend variable that represents technological change. The R-squared value 

implies that 95.2 percent of the variation in demand of silver can be explained by the 

regressed explanatory variables.  

 

lnQd   β0 + β1ln ̂ + β2  I  + β3lnUSD + β4  MB + β5T + ɛd                                    (6.7)                  

 

Table 7.2: Result of demand regression 

Variable Coeficcient t-Statistic 

C -1.070 -1.418  

   ̂ -0.105 -4.504 *** 

lnIP      1.064   -13.572 *** 

lnUSD    -0.402    -8.620 *** 

lnMB 0.462 9.237 *** 

T -0.036 -15.916 *** 

Obs: 39 R
2
: 0.952 D-W: 1.647 

* Statistically significant at 10 percent level 

** Statistically significant at 5 percent level 

*** Statistically significant at 1 percent level 

 

The coefficient of the variable ln ̂ is a measure of price elasticity of demand for silver. 

The value of the estimated coefficient implies that demand of silver decreases by 0.105 

percent as the price of silver increases by one percent. Its negative sign is consistent 

with the assumption that higher prices causes demand to fall, and its relatively low 

value is also consistent with the assumption of a low price elasticity of demand for 

commodities. The t-statistics shows that the estimation is statistically significant at the 

one percent level. 

 

The coefficient of variable lnIP implies that demand of silver increases by 1.064 percent 

as the US industrial production index increases by one percent. Of all the regressed 

variables, US industrial production is found to have the biggest impact on silver 

demand, which seems likely since industrial demand represents the largest part of the 
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total silver demand. The t-statistics shows that the estimation is statistically significant 

at the one percent level. 

 

The coefficient of variable lnUSD implies that demand of silver decreases by 0.402 

percent as the US dollar index increases by one percent. This result is consistent with 

the hypothesis of a negative correlation, based on the assumption that an appreciation of 

the US dollar against other currencies causes demand of silver to fall since it becomes 

more expensive in countries outside the US. Another possible reason for the negative 

correlation is that a depreciation of the US dollar against other currencies may cause 

investors to shift out of the US dollar and in to precious metals such as silver, as a way 

of preserving wealth. The t-statistics shows that the estimation is statistically significant 

at the one percent level. 

 

The coefficient of variable lnMB implies that demand of silver increases by 0.462 

percent as the US adjusted monetary base increases by one percent. This is consistent 

with the hypothesis of a positive correlation, and it indicates that demand for silver 

increases during times of accommodative monetary policies, as investors buys silver as 

a hedge against inflation. The t-statistics shows that correlation is statistically 

significant at the one percent level. 

 

The time trend variable T shows that demand of silver decreases over time, probably as 

a consequence of new technology and more efficient use of input factors which means 

that less silver is being used in the fabrication process. 
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7.3 Autocorrelation and heteroscedasticity 

By comparing the durbin-watson statistics (D-W) of the regressions, with the lower and 

upper bound of 1.033 and 1.583 at the one percent significance level, in the way 

described in table 6.1, one can conclude that both regressions are free from 

autocorrelation. The results of the white test indicated that heteroscedasticity was 

present in both regressions; this has been corrected for by a built in feature of the 

econometric software program EViews. Thus, the presented regressions for supply and 

demand are both free from heteroscedasticity. 

 

7.4 Reliability and validity 

The data that is used in this study is assumed to be reliable, however, data for quantity 

of silver may not possess the same reliability as the rest of the data, since the global 

quantity of silver demand and supply is more difficult to get precise measures of than 

for example the average price of silver. The validity of the oil price variable as a proxy 

for cost of mining might be questionable. Although the cost of oil is part of the miners 

cost function it might not be that good of a proxy for the total cost of mining. The price 

of oil was chosen as a proxy because of the difficulties in finding data for cost of mining 

during the time period that this study covers.  
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8. DISCUSSION 

 

 

 

 

The purpose of this study was to examine the silver market by investigating the factors 

that affects supply and demand of silver. To achieve this objective, two models were 

constructed; one which explains supply and another that explains demand, each with 

five explanatory variables. These two models were then examined by the regression 

technique called two-stage least squares. The regression result for the supply model 

showed that three out of the five variables included in the model were statistically 

significant at the five percent level or higher. The variables that were found to be 

significant were price of oil, US real interest rate and technology. The price of silver 

and the price of base metals should theoretically influence supply of silver, however, 

these two variables were not found to be statistically significant at the five percent level. 

One reason for this could be that they were regressed as two separate variables when 

they perhaps should have been combined into one price index variable.  

 

The results also support the hypothesis of correlation for all included variables except 

for US real interest rate. According to Hotelling’s theory of extraction of non-renewable 

resources, real interest rate and supply should be positively correlated; however, the 

regression result shows a negative correlation. According to Veldhuizen et al (2012) a 

possible explanation of the failure of the hotelling rule is that producers with large 

resource stocks pay little attention to variables related to dynamic optimization, such as 

real interest rate and instead focus more on strategic behavior, and thus the real interest 

rate has little to no impact on the production output decisions of the producers. That 

might explain the estimated negative correlation between silver supply and the real 

interest rate. 

 

The regression result for the demand model showed that all five variables; price of 

silver, US industrial production index, US dollar index, US adjusted monetary base and 

technology were statistically significant at the one percent level, which makes them 

highly significant. The signs of the correlation coefficients were consistent with the 

hypothesis for all five variables.  
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Some conclusions that can be drawn from these two regressions is that price of oil 

seems to have the largest impact on supply where a one percent increase in the price of 

oil causes supply of silver to decrease by 0.31 percent, while US industrial production 

seems to have the largest impact on demand where a one percent increase in US 

industrial production causes demand of silver to increase by 1.064 percent. In 

consistency with the low price elasticity that characterizes metals, price of silver was 

found to have a limited impact on both supply and demand. The result of the demand 

regression also indicates that demand for silver increases during times of 

accommodative monetary policies as silver is being bought as a hedge against inflation, 

which is often a consequence of loose monetary policy. This conclusion is also 

consistent with findings of previous studies on precious metals. Finally, although the 

supply model needs some improvements, the demand model seems to explain demand 

of silver fairly good, and hopefully, the results of this study will contribute to a wider 

understanding of the silver market and give some guidance for future research on the 

subject.  
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