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Abstract 
Demand forecasting plays an important role for every business and gives companies an 
opportunity to prepare for coming shifts in the market. The empirical findings of this study 
aim to support construction equipment manufacturers, distributors, and suppliers in 
apprehending the equipment market in more depth and foreseeing market demand to be able 
to adjust their business strategies and production capacities, allocate resources more 
efficiently, optimize the level of output and stock and, as a result, reduce associated costs, 
increase profitability and competitiveness. It is demonstrated that demand for construction 
equipment is heavily influenced by changes in economic conditions and country-specific 
economic indicators can serve as reliable input parameters to anticipate fluctuations on the 
construction equipment market. The Artificial Neural Networks (ANN) forecasting technique 
has been successfully employed to predict sales of construction equipment four quarters ahead 
in selected countries (Germany, The United Kingdom, France, Italy, Norway, Russia, Turkey 
and Saudi Arabia) with country related economic indicators used as an input. 
 
Key-words: construction equipment, economic indicators, artificial neural networks, 
demand forecasting. 
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1. Introduction 
The construction equipment industry is a significant part of the construction sector and it 
includes a broad range of machines operating in building construction, infrastructure, as well 
as in the mining segment. Highly intense competition and rapid innovation growth in the 
industry created a need for construction equipment manufacturers, parts suppliers, distributors 
to anticipate the future development of market demand to secure a stable and profitable 
business. 

Economic and market perspective of the construction equipment industry has attracted very 
limited research attention while the main academic focus is addressed to the technical and 
innovative side of the industry. One of the most relevant studies points out that there is a 
strong relationship between demand for construction equipment, the total level of construction 
activity and economic performance of the economy (Standard and Poor's Corporation, 1995). 

In contrast to the construction equipment industry, the construction sector and its association 
with economic performance has been widely covered in the research literature. The uncertain 
nature of construction demand motivated a number of studies carried out in the past five 
decades to evaluate economic factors that determine demand fluctuations. Different models 
and methods were proposed to anticipate the future levels of construction demand using 
economic indicators with a primary focus on an individual country. The demand for 
construction equipment is generated by construction and building activity. Thus, it is 
reasonable to assume that the construction equipment market follows the same trends as the 
construction industry.  

1.1. Research objectives 

The aim of the current study is to cover the existing research gap by carrying out an up-to-
date analysis of the determinants of construction equipment sales as well as forecasting 
construction equipment demand by means of related economic indicators. To achieve this 
goal, the following three-step approach is implemented: 

• Theoretical identification of economic factors and indicators related to demand for 
construction equipment; 

• Applying the Artificial Neural Networks technique (ANN) to forecast  construction 
equipment demand in the selected countries using theoretically and statistically selected 
economic indicators; 

• Validation of the prediction results and research implications discussion. 

1.2. Research questions 

1. What are the main economic factors and corresponding indicators that impact the demand 
for construction equipment? 
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2. Can the ANN method provide reliable forecasts when modeling construction equipment 
sales using economic indicators as input parameters? 

1.3. Contribution 

The primary contribution of this paper is that it offers insight into the construction equipment 
industry and highlights its dependency on country-specific economic conditions. The 
empirical findings can support construction equipment manufacturers, distributors, and 
suppliers in their efforts to apprehend the equipment market in more depth and foresee the 
coming shifts in the market demand to be able to adjust their business strategies and 
production capacity, allocate resources more efficiently, as well as optimize the level of 
output and stock. 

1.4. Methodology and data 

The present study will apply the Artificial Neural Networks (ANN) forecasting technique to 
predict sales of construction equipment four quarters ahead in selected countries (Germany, 
The United Kingdom, France, Italy, Norway, Russia, Turkey and Saudi Arabia) based on the 
country related economic indicators. ANNs are learning mathematical models which are able 
to capture both linear and non-linear relationships between input parameters and output by 
learning from past data. The ANN method has already been successfully applied in a number 
of studies focusing on forecasting of construction demand (Hua 1996, Kim et al. 2004, Lam 
and Oshodi 2016), generating reliable predicted outcomes. Moreover, the empirical results 
revealed by previous studies indicated that being able to capture both linear and non-linear 
dependencies between input and output parameters in the process of learning, ANN models 
outperform the traditional multiple regression models, providing more accurate and 
sustainable forecasts. The reliability of each ANN country model will be evaluated using 
forecast accuracy measures. The process of employing ANN to solve the present forecasting 
problem will be broken down into four steps (Shanmuganathan & Samarasinghe, 2016): 

1. Selecting a fitting ANN models architecture; 
2. Preparing input data (statistical selection of input parameters, data transformation); 
3. Training a network on training data set; 
4. Validating the results on testing data set. 

For the purpose of the present study, NeuroXL Predictor software is utilized. This forecasting 
tool incorporates ANN algorithms and gives the possibility to pre-set ANN architecture 
parameters, e.g. number of layers or number of nodes in the hidden layer. 

The following data will form input and output vectors for ANN modeling of construction 
equipment demand: economic indicators data for the time period 2005 quarter 1 (Q1) to 2016 
quarter 4 is available through Oxford Economics database; quarterly construction equipment 
sales data for the selected countries is gathered from Committee for European Construction 
Equipment (2017) and Hargrove & Associates, Inc (2017) databases. 
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1.5. Sustainability aspects 

The findings of the present study support environmental and economic sustainability aspects 
of the construction equipment business by contributing to optimization of production 
capacities and resource management, competent financial planning and cost savings, thus 
ensuring a stable and profitable development as well as long-term growth of the industry. 

1.6. Disposition 

The present master thesis is organized in 7 Chapters.  Following the Introduction section, 
Chapter 2 presents the construction equipment industry background and discusses 
associations between demand for construction equipment, level and type of construction 
activity and country-specific economic performance. Chapter 3 describes key economic 
factors affecting demand in the construction industry. Chapter 4 is devoted to a 
comprehensive literature review focused on forecasting of construction demand by means of 
related economic indicators through the application of econometric and artificial neural 
network approaches. The chapter ends with a summary of economic indicators associated 
with construction demand. Chapter 5 introduces ANN methodological approach, discusses its 
benefits over traditional forecasting techniques and presents the collected data which is used 
in the forecasting models. Chapter 6 presents the results of the empirical analysis and the 
discussion about the accuracy of the proposed forecasts and other related findings. In Chapter 
7, conclusions are derived and the study implications and recommendations for further 
research areas are discussed. 
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2. Construction Equipment Industry background 
This chapter gives a general overview of the construction equipment industry and its 
association with the level and type of construction activity as well as relationship with 
economic performance of the country or region. 

 

2.1. Construction equipment industry overview 

The generic term “construction equipment” or “construction machinery” that is used 
throughout this paper refers to the machines specially designed for executing construction 
tasks and employed in the majority of earth-moving works in the construction field (Holt and 
Edwards, 2012). Construction equipment is an essential part of the construction sector, 
particularly in the heavy and highway segments as well as for many companies it represents 
long-term capital investments (Day and Neal, 1989). The construction equipment industry is 
characterized by increasing competition and rapid innovation growth in products and 
production processes (Arditi, 1997). The industry includes a broad range of different 
equipment types that adds one more industry characteristic - high complexity, as all machine 
types differ in functionality, design and technical features (McKinsey and Company, 2016).  

The most general classification by type of equipment provided by Day and Neal (1989) is 
based on construction operations in which machines are used and includes the following:  

• Earthmoving equipment; 
• Material handling equipment; 
• Road machinery.  

Globally, earthmoving equipment corresponds to approximately 40 percent of construction 
machines sales and more than 60 percent of the market revenue in USD (about 122 bn USD) 
(MarketsandMarkets, 2015). Earthmoving equipment has been designed primarily to move 
earth and minerals in large earthmoving and mining projects as well as includes the following 
machine lines: crawler excavators, wheel excavators, articulated and rigid haulers, wheel 
loaders and bulldozers.   

Material handling equipment or compact equipment consists of small size machines which are 
employed to work on small commercial and residential sites. Sales of compact equipment 
represent approximately 50 percent of total construction machinery sales, and this market 
segment has been growing rapidly in recent years (MarketsandMarkets, 2015). Compact 
excavators and compact wheel loaders, backhoe loaders and skid steer loaders are classified 
under compact construction equipment.  

The last type of equipment consists of different kinds of machines participating in road 
construction, such as pavers, compactors and motor graders. This segment is the smallest in 
terms of both volumes and revenues. 
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Standard and Poor's Corporation (1995) showed that there is a strong relationship between 
demand for construction equipment as well as level and type of construction activity. 
Consequently, the demand for construction equipment is derived from the overall demand 
within the construction industry. Standard and Poor's (1995) discussed the evolution of 
construction equipment sales throughout 1975-1995 time period in the US and its linkage to 
the economic performance of the country. It was stated that during the period of economic 
expansion in the 70's, construction market was thriving with the proportional increase in sales 
of heavy machinery, followed then by a recession at the beginning of the 80's. Later, the 
economic recovery that started in 1983 and was driven by low-interest rates which triggered 
demand for construction equipment to rise again.  

A similar analysis can be done considering sales data of construction equipment in Europe, 
Middle East and Africa (EMEA) gathered from the Committee for European Construction 
Equipment (2017) and Hargrove & Associates, Inc (2017). Figure 2-1 presents new sales of 
construction equipment in EMEA countries during 1991-2016 on 12 months rolling basis. A 
smoothed 12-month rolling data is used to display the data as a continuous trend and 
eliminate annual seasonal fluctuations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1.  New sales of construction equipment in Europe-Middle East-Africa (Committee for European 
Construction Equipment & Hargrove statistical association, machines sales data 1991-2016, 12 months rolling) 
and real GDP ( YoY growth %). 
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Over the last decades sales of new equipment in EMEA have grown reflecting the transition 
of developed countries to less labor intense construction works and increased productivity at 
least cost due to mechanization (Holt and Edwards, 2013). This trend is evident when 
analyzing data in Figure 2-1. However, it is also shown that the market experienced periods of 
expansion and contraction during the period in question.  

The figure above is analyzed from the perspective of the time sequence of economic 
recessions in the EMEA region. The period of the early 90’s corresponds to turbulent years 
for Europe. The industrial world was in a downturn, caused by rising oil prices and growing 
real interest rates (Jonung and Hagberg, 2005). The recession then culminated in the second 
half of 1992 to summer of 1993 initiated by the Exchange Rate Mechanism crisis (Ibid.). The 
next wave of economic slowdown corresponds to 2001 to 2002 in France and Germany. 
Finally, the global financial crisis hit the world economy in 2007-2008 (European 
Commission, Directorate-General for Economic and Financial Affairs, 2009). The graphical 
analysis in Figure 2-1 shows covariation between GDP growth for the considered 
geographical region and demand for the construction machines. The deeps on construction 
equipment market during each period of economic recession indicate that the demand for 
construction equipment is undoubtedly affected by the change in economic conditions.   

Holt and Edwards (2013) studied the off-highway machinery market in the UK in the period 
between 1990 and 2010 using descriptive statistics, graphical and correlation/autocorrelation 
analyses. Their findings demonstrated the adverse effect of the early 1990s recession in the 
UK, as well as the even more damaging impact of the world financial crisis in 2008 on the 
construction machinery market. Holt and Edwards (2013) compared sales of new equipment 
with the total construction output for the same time period. Conducted correlation analysis 
showed a strong association between sales data and three construction segments, namely 
building, civil engineering as well as repairs and maintenance. The following indicators were 
used to represent the above discussed sectors: the value of housing completion, the value of 
all new work and value of repair and maintenance. The authors argued that on the microlevel 
construction machinery industry is driven by the industry's intention to reduce cost and 
increase productivity while on the macrolevel, the main demand driver is population growth 
that is associated with an increased need for infrastructure and housing. Population in the 
meantime is linked to economic and financial stability and confidence.  

As the construction industry is a primary application segment for construction equipment, 
demand for heavy machinery is directly derived from the level of building activity. While 
construction industry performance, in its turn, is strongly associated with the economic 
performance of individual countries. The next section will discuss what factors are considered 
being determinants for construction demand.  
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2.2. Construction equipment industry applications by segment: 
additional demand determinants 

Demand for construction equipment is derived from the overall demand for the construction 
industry based on the fact that the main application of heavy machinery is earthmoving work 
in the construction field (Holt and Edwards, 2013). However, there are other industries where 
heavy construction equipment is used. Thus, according to the classification given by 
(MarketsandMarkets, 2015) on the basis of industries where machines are employed, the 
construction equipment market has been segmented as follows:  

• Infrastructure; 
• Construction; 
• Mining; 
• Oil & Gas; 
• Manufacturing; 
• Forestry. 

Figure 2-2 illustrates industry segmentation for construction equipment sales in Europe, 
Middle East, and Africa for the period 2015-2016 years. 

 

Figure 2-2 Annual Units Sold in industry segments: 2015-2016 (CECE, Hargrove 2015-2016) 

The data analysis above underlines that a substantial part of equipment operates in 
construction industry segments such as Building, Heavy Infrastructure and Road 
Construction, while the Mines and Quarries segment is considered to be the second largest 
industry segment after construction. This analysis adds additional determinants that are 
expected to be significantly associated with the construction equipment demand fluctuations, 
particularly in those countries with economies largely dependent on mining segment 
revenues. Consequently, it is reasonable to assume that indicators related to demand for 
commodities might be significant in determining construction equipment demand.    
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3. Theory of demand in the construction industry 
The theory of demand offers a general approach applicable to different sectors of the 
economy. However, every economic sector or industry has its own specific explanatory 
parameters that cause demand fluctuations. In this section, construction demand determinants 
with references to previous studies will be discussed. 

3.1. Key economic factors affecting demand in construction 
industry 

The basic law of demand is formally stated as "At higher prices, a lower quantity will be 
demanded than at lower prices (and vice versa), other things being equal" (Myers, 2012, p. 
58). Obviously, the price is not the only factor affecting demand. To derive a demand function 
for the construction sector, Myers (2012) looked into different segments of the construction 
market, such as: 

• Housing or Residential; 
• Industrial and Commercial Building (non–residential); 
• Maintenance and Repair. 

The first factor affecting the demand in the residential sector is household’s income. In 
addition to that, credit conditions and interest rates are elements which have a considerable 
impact on demand for new housing. For example, low-interest rates stimulate demand as 
mortgages need to remain affordable for households. In addition, government regulation in 
the form of property and income taxes can significantly affect spending power of buyers and 
raise property prices. Government may also stimulate the demand by introducing different 
programs to assist households in their buying process as, for example, subsidies for 
renovation or tax deductions. Other factors determining residential demand are demographic 
aspects and unemployment rate.  

Demand for industrial and commercial buildings is based on factors fundamentally different 
from the ones affecting the decision to buy a house (Ibid.). The non-residential sector includes 
a variety of building objects used by various sectors of the economy. Therefore, demand in 
the non-residential segment is derived from the need for a certain economic activity (Ibid.). 
According to Myers (2012), the following aspects affect demand for the industrial and 
commercial structures: 

• Technological developments; 
• Changes in taste of fashion; 
• Expected levels of cost, including interest rates; 
• The state of economy and government policy; 
• Business confidence; 
• The age and conditions of existing building objects. 
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Non-residential construction is funded by both public and private sources. Growth in non-
residential construction within the private sector is driven by business investments, while 
construction activities in infrastructure, for instance education and health sectors, are largely 
dependent on public investment, where factors like government policy and availability of 
finance play a determining role (Ibid.). Ofori (1990) similarly underlined that the effect of the 
change in government policies on land supply, tax, and the economy affects changes in 
construction demand.  

Finally, the maintenance and repair segment is considered to be the biggest area of activity in 
the construction industry, especially in the advanced economies. Data provided by 
EUROCONSTRUCT (2014) shows that renovation activities correspond to 53 percent of the 
total construction output in the developed economies of Western Europe, and to only 33 
percent in Eastern Europe. Indeed, there is an increased need for new construction in the 
developing countries, since the current stock of building objects cannot fulfill all the needs of 
a growing economy, while in the developed markets, there is more need to maintain and 
repair the existing large number of construction facilities. Myers (2012) suggests the 
following factors affecting the Maintenance and Repair segment: 

• The current cost of repair and maintenance; 
• The cost of new building; 
• Level of current income; 
• Government policy associated with heritage and conservation; 
• The age and condition of the existing stock; 
• The ownership pattern. 

Based on the theory of demand and by summarizing the factors discussed above, Myers 
(2012) presented a general construction demand function: 

( )1, , , ,nd n nQ f P P Y G−=   (1) 

where Qnd represents the quantity of total construction output demanded as a function of Pn 
the price for construction, Pn-1 the price of other goods related to construction, Y income, G 
government policy and all other economic drivers that were previously described. The above 
equation (1) will serve as a formal base to study the relevant and significant indicators 
determining the demand for construction equipment. 
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4. Previous studies on construction demand 
forecasting 

While there is a limited pool of academic works concerning demand for construction 
equipment which is derived from the overall demand for construction works, the literature 
review will be addressed to the analysis of the existing research focused on construction 
demand forecasting. Generally, it can be classified into two directions. The first perspective is 
studies focused on investigating relationships between economic indicators and demand for 
different construction segments using econometric techniques and the second direction is 
dedicated to forecasting of construction demand using artificial intelligence. 

 

4.1. Relationship between economic indicators and construction 
demand 

A number of authors have performed research on establishing a quantitative relationship 
between construction demand and economic indicators. Akintoye and Skitmore (1994) 
developed three multiple regression models with a different set of parameters reflecting 
demand in various construction segments, i.e. residential, non-residential and ‘other' demand. 
Construction demand was represented by “quarterly construction new orders”. The simulation 
based on the quarterly data from 1974 to 1987 for the UK recognized positive relationships 
between construction demand and such indicators as GDP and manufacturing output/price. 
Although, other determinants such as the real rate of interest, output per person employed in 
the construction industry and unemployment rate appeared to have an inverse relationship 
with construction demand. Authors recommended the proposed model to be used by subject 
field experts, that will add qualitative value to the interpretation of the relationships explained 
by the models. 

Tse and Ganesan (1999) worked with least squares regression and data on Hong-Kong 1979 
to 1995 to forecast new housing construction. In the housing demand function, the following 
variables appear with positive signs: the transaction volume of residential properties in terms 
of the number of sales and purchase agreements, and population growth. Housing price and 
interest rates showed inverse relationships with the new housing demand. Besides the earlier 
mentioned input variables the authors stressed the importance of expectations as a valuable 
determinant for construction demand. For instance, the most favorable economic condition for 
making purchasing decisions is the period of high inflation and low interest rates when 
expectations rather than actual need for housing drives demand in the residential sector.  

The study of Ofori and Han (2003) addressed a number of research questions on the causal 
relationships between the level of construction activity and economic development. The 
authors analyzed macroeconomic data for the period between 1990 and 2000 within different 
Chinese provinces which have a significant variation in GDP per capita. The study, performed 
by means of descriptive statistics and correlation analysis, showed that construction 
investment can stimulate a strong correlation between construction output and GDP and 
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economic growth. Chinese provinces can be considered as a proxy for countries at different 
stages of economic development suggesting that the results of the Ofori and Han (2003) 
analysis may be applicable on the national level.  

Yiu et al. (2010) applied Granger causality test to establish a causal relationship between a 
gross value of construction works and GDP in Hong Kong. The result of this study showed 
that in the short-run the real growth in the economy is leading the real growth in construction 
output but not the opposite. However, when growth rates for GDP increase, the speed of 
growth in construction output declines. This phenomenon can be explained by low 
productivity in the construction sector, meaning that additional capital investment results in a 
diminishing growth of construction output (Yiu et al., 2010, Tse and Ganesan, 1997).  

Lopes, Nunes and Carlos (2011) studied the association between construction output and 
national economic development in Cape Verde over a period of 38 years (1970-2008). 
Following the previous academic work by Yiu et al. (2010), this study applied a Granger 
causality test to analyze dependency between GDP and gross value added in construction (as 
a measure of construction demand). The conclusion was that in the long-run there is a 
“weakly uni-directional relationship” between growth in construction output and GDP, 
meaning that economic performance does not significantly affect construction output. At the 
same time the study concluded that in the short- and medium-run construction output does not 
affect GDP growth.   

Ozkan, Ozkan and Gunduz (2011) examined the correlation between the construction growth 
in Turkish infrastructure, building and residential sectors and gross domestic product (GDP) 
during the period 1987-2008. It has been found that in the short term GDP is a leading 
indicator for infrastructure investment fluctuations. However, in the long run, there is no 
correlation between these two parameters. This confirms the results of previously done 
studies in terms of the strong correlation of construction demand and economic output in the 
short-term. 

Jiang and Liu (2011, 2014) developed a vector error correction (VEC) model to forecast the 
construction demand and the construction price in the Australian construction market. 
Quarterly data series on selected economic indicators for the period 1996 to June 2010 for 
Australia were employed in the model. In the study of Jiang and Liu (2011) construction 
demand in Australia was represented by the value of construction contract awarded. The 
result of this study showed that population growth rates, GDP, inflation and household 
spendings significantly explain changes in the construction demand. Also, the effect of the 
global financial crisis, included into the model as a dummy variable, showed a negative and 
statistically significant impact on construction demand. The authors stated that an expert view 
should complement the quantitative analysis and can be included in the model as a dummy 
variable to capture the effect of external events and increase overall predictive power.  

Based on the Hong-Kong scenario Ng, Fan and Wong (2011) developed two multivariate 
models: vector error correction (VEC) and the multiple regression models (ML) to forecast 
private construction investment. Both models yielded reasonable results when forecasting 
private investments in construction ten quarters ahead with reference to GDP, unemployment 
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rate and public investment in construction being determinants. However, GDP and 
unemployment rate have a greater impact on the level of public construction. The 
theoretically identified variables such as interest rate, year-on-year population growth rate and 
tender price index were discarded from the models as not significantly relevant. MAPE for 
both models was estimated being less than 10 percent, which indicates an acceptable 
forecasting ability. However, VEC model performed better in terms of forecast consistency. 
The authors emphasize that their study is limited to the Hong-Kong case and the models 
might not be applicable to countries with a different construction industry structure with 
respect to a proportion between public and private construction. 

4.2. Non-econometric forecasting methods: Artificial neural 
networks (ANN) 

Next pool of academic works employs non-econometric ANN technique to forecast 
construction demand suggesting that ANN models can produce reliable outputs and 
outperform the traditional econometric models in relation to forecast accuracy (Hua 1996, 
Kim et al. 2004, Lam and Oshodi, 2016).  

To predict gross fixed capital formation for residential buildings in Singapore, Hua (1996) 
developed two forecasting models, namely the Artificial Neural Networks (ANN) and 
Multiple Regression models (MR). As input parameters for the above models, Hua (1996) 
selected a set of 12 statistically significant economic indicators derived from the 
macroeconomic quarterly data 1975-1993 for Singapore. Residential construction demand in 
Singapore was represented by national statistics for Gross Fixed Capital Formation (GFCF). 
To test the significance of selected indicators to GFCF, the STEPWISE process was applied. 
For both models, 71 data sets were used as a training set, and three sets of data were left for 
testing the outcome. The ANN model was trained twice to test whether its predicted outcome 
is consistent. While the ANN model just produces outputs without identification of 
relationships between independent and dependent variables, multiple regression models also 
show the relationships within the model. MR model established the positive relationship 
between GFCF for construction and works, GDP per capita, prime lending rate, real GDP, and 
unemployment rate. The rest of the variables’ coefficients had negative signs. To compare 
forecasts produced by two models, the Mean absolute percentage errors (MAPE) were 
calculated. MAPE results for two forecasts produced by ANN were 1.21 percent and 1.41 
percent while 6.99 percent for MR model. Low MAPE volumes for both models indicate that 
the selected economic indicators are the relevant inputs for forecasting change in residential 
demand; however, results received by the ANN model are more accurate. 

Kim et al. (2004) applied the back-propagation artificial network1 model (BPN) to predict 
construction cost variations in Korea. Data on 530 residential facilities constructed in the time 
period from 1997 and 2000 was used to populate the model. There were no other parameters 
incorporated into the BPN model and the prediction outcomes, solely based on past time 

                                                           
1 A method of training ANN with repetition of two phase cycle: propagation and input weights calibration. By 
comparing actual output with forecasted output, back-propagation algorithm adjusts input weights. 
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series data for construction cost, produced adequate estimations on the construction cost at the 
early stages of construction projects.  

The main findings from the most recent academic publication of Lam and Oshodi (2016) 
emphasize that artificial neural-network models outperform auto-regressive Box-Jenkins 
models in terms of precision, at the same time providing consistent and accurate forecasts for 
construction output. Quarterly time-series data for Hong-Kong was collected for the time 
period 1983 Q1 to 2014 Q4 and construction demand was represented by “value of 
construction works by main contractors”. Construction data was classified into three sets: 
public, private and other construction. These sets served as the only input layers for artificial 
neural-network model, without involving any other determinants. The forecasting accuracy of 
both models was later evaluated by comparison between predicted values for out-of-sample 
data points that were left for testing. Forecasts produced by ANN model for total, private and 
other construction showed MAPE within 10 percent and were much more precise than the 
ones demonstrated by the Box-Jenkins model. 
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4.3. Summary of economic indicators affecting construction 
demand 

As it follows from the above literature review, a vast spectrum of indicators was found to be 
significantly related to construction demand and, presumably, also for the demand for 
construction machinery. A summary of the determinants is provided below:  

Table 4-1. Summary of economic indicators associated with construction demand. 

Indicator (sign of the effect on 
construction demand) 

Reference to previous research 

GDP(+), Per capita GDP(+),  
National income (+) 

(Ofori, 1990), (Akintoye and Skitmore, 1994), (Hua, 
1996, 2012), (Myers, 2012), (Yiu, et al., 2010), (Ng, Fan 
and Wong, 2011), (Jiang and Liu , 2011, 2014), (Ozkan, 
Ozkan and Gunduz, 2011) 

Interest rate (-), 
Prime lending rate (-) 

(Ofori, 1990), (Akintoye and Skitmore, 1994), Hua (1996, 
2012), (Myers, 2012), (Yiu, et al., 2010), (Ng, Fan and 
Wong, 2011) 

Inflation rate (-) (Hua, 1996) 
New housing, housing stock (+) (Ofori, 1990), (Holt and Edwards, 2013), (Tse, Ho and 

Ganezan, 1999) 
Land supply (+) (Fan, Ng and Wong, 2010) 
Export value(+) (Tang, Karasudhi and Tachopiyagoon, 1990) 
Employment (+), unemployment (-) (Akintoye and Skitmore, 1994), (Hua, 1996, 2012), (Fan, 

Ng and Wong, 2010) 
Industrial output (+) (Lean, 2001) 
Government spendings/ public 
investment in construction (+) 

(Ng, Fan and Wong, 2011), (Ofori, 1990), (Myers, 2012) 

Population growth (+) (Hua, 1996), (Fan, Ng and Wong, 2010), (Ng, Fan and 
Wong, 2011), (Tse, Ho and Ganezan, 1999) 

Price index for building material (-) (Hua, 1996) 
Household spendings (+) (Hua, 1996), (Jiang and Liu, 2011, 2014) 
Gross Fixed Capital Formation(+) (Hua, 1996) 
Construction costs (-) (Ofori, 1990), (Akintoye and Skitmore, 1994), (Hua, 

1996, 2012), (Myers, 2012), (Ng, Fan and Wong, 2011) 
Commodity indices/price (+) Segmentation analysis in section 2.2 
Household expectations/ Business 
expectations (+) 

(Tse, Ho and Ganezan, 1999), (Myers, 2012) 

Income or real wage (+) (Ofori, 1990), (Myers, 2012), (Fan, Ng and Wong, 2010) 
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5. Methodology 

The present chapter is devoted to the methodological description of employing the Artificial 
Neural Network technique to forecast construction equipment demand in selected countries 
while using time-series data for related economic indicators as input parameters. 
 

5.1. Theory and architecture of the ANN model 

The Artificial neural networks (ANN) technique was successfully applied in studies focused 
on forecasting of the construction demand (Hua 1996, Kim et al. 2004, Lam and Oshodi 
2016). Moreover, the empirical results revealed by Hua (1996) and later by Lam and Oshodi 
(2016) emphasized that ANN models outperform the traditional multiple regression models, 
providing more accurate and sustainable forecasts. ANNs are learning mathematical models 
constructed according to the principle of organization and functioning of biological neural 
networks. The possibility of learning is one of the main advantages of neural networks over 
traditional algorithms (Ibid.). Artificial neural networks are represented by interconnected 
neurons or processing elements (PEs) that receive and send impulses to each other through 
weighted links - synapses. 

The typical ANN consists of three layers: the input layer, where data inputs are presented to a 
network; the hidden layer, where the data is processed based on built-in activation function 
and the output layer, where the predicted output is presented. The architecture of a three-
layered Artificial Neural Network is shown in Figure 5-1. 
 

 

 

 

 

 

 

            

INPUT                              HIDDEN LAYER                    OUTPUT 

Figure 5-1 Architecture of ANN model 

Designing the ANN architecture is an important step in solving forecasting problems. The 
number of nodes in each layer should be carefully considered. In forecast modeling, the input 
layer is represented by past values of time-series data and determined by a number of 
independent parameters associated with output. The output layer is represented by future 
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values of desired output. There is no common rule determining a number of nodes in the 
hidden layer. Heaton (2016) recommends an experimental approach to define the optimal 
number of hidden nodes based on a minimal error of predicted output. The general concept is 
that increasing the number of nodes in the hidden layer will force the ANN to memorize data 
instead of defining the relationships between inputs and output; therefore, diminishing 
model’s forecasting ability.  

In the process of learning, neural network can identify complex linear and non-linear 
dependencies between input and output data. Under a training process, network computes a 
weighted sum of the inputs and feeds this information to the activation function. Training of 
ANN consists of two repeatedly executed procedures: forward feeding and back propagation. 
During the forward feeding step, random weights are assigned to every input in order to 
calculate the output. The produced output is then compared to the real output presented to the 
network, and the system computes error signals. Next, during the back propagation step the 
calculated error signals are passed backward through the system, and initial weights are 
adjusted based on the error of the output. These two stages are continuously repeated until the 
network finds the optimal weights that can accurately predict the output. The following 
function represents the relationship between input parameters and response to the next layer 
of the neural network and PE output (Hua, 1996): 

Xpj = ∑ 𝑊𝑊𝑝𝑝𝑝𝑝𝑝𝑝  
𝑛𝑛
𝑝𝑝=1 𝑌𝑌𝑝𝑝𝑝𝑝  (1) 

where Xpj is net sum of all relevant input weights and outputs from the previous layer i, Wpij 
represents the relevant weights connecting layer PE(i) with layer PE(j), Ypi represents the 
activations of the nodes in the previous layer PE(i).   
 
𝑎𝑎𝑝𝑝= f(tj) (2) 

where 𝑎𝑎𝑝𝑝 is the output signal from PE(j) and f(tj)is an activation function of PE(j) 

Thus, in the training process, the network learns the existing relationships between input 
parameters and output. A commonly applied practice (Hua 1996, Kim et al. 2004, Lam and 
Oshodi 2016) is to split the time series into training and testing datasets. The training set is the 
largest set and is used by the neural network to learn the patterns existing in the data. The 
testing set, ranging in size from 10 percent to 30 percent of the training set, is used to evaluate 
the generalization ability of a trained network. As the ANN model has been built on time-
series data, a final check will be performed on the testing set which should consist of the most 
recent observations. After the training is done, the model is supposed to accurately predict 
output when a new set of inputs is presented to ANN. 

For the purpose of the present study, NeuroXL Predictor software is utilized. This ANN 
forecasting tool incorporates ANN algorithms and gives a possibility to pre-set ANN 
architecture parameters e.g. number of layers, number of nodes in the hidden layer. 
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5.2. Statistical selection of input parameters 

One of the limitations of using the ANN methodology is that ANN models are unable to 
interpret the relationship between input parameters and output. Therefore, a firm 
understanding of the input parameters is required for a successful implementation of the 
ANN. The previous research on constructing forecasting ANN models highlighted the 
importance of statistical selection of input variables (Hua 1996, 2012, Sudheer, Gosain and 
Ramasastri, 2002). Even though a set of variables that influence a system’s outcome is 
theoretically identified, a statistical selection of an appropriate input vector will improve the 
architecture of ANN, thus contributing to an adequate output. Increasing the number of 
presented input variables creates complexity in the ANN architecture, enhances the size of a 
network and results in increased training time, reduced efficiency in input weights estimations 
that often leads to larger output errors (Sudheer, Gosain and Ramasastri, 2002).  

Several alternative methods in selecting appropriate input variables have been suggested in 
the academic literature. The first alternative is to conduct a STEPWISE regression to define a 
combination of statistically significant indicators (Hua, 1996, 2012).  During each step of the 
process, the most significant variable is added, or the least significant variable is removed 
from a set of predictors. The level of significance is defined based on different statistical 
parameters of the model. However, a critical weakness of the STEPWISE approach is that in 
the presence of high correlation between input variables only one variable can be considered 
being significant even though both can be relevant for the problem under consideration.  

The second alternative proposed by Sudheer, Gosain and Ramasastri (2002) is to conduct 
cross-correlation and autocorrelation analysis between input and output parameters. The 
authors argue that a compatible set of inputs is more critical for the model-driven approaches 
such as multiple linear regression or auto-regressive moving average, whereas ANN is a data-
driven approach that has the ability to define which inputs have a significant influence on a 
predicted outcome.  Cross-correlation analysis will help to individually test the significance of 
each of the predefined variables corresponding to different time lags. Equally, the 
autocorrelation function will identify whether the output is influenced by its own time lags.  

The present study will employ the second alternative, and the appropriate input vector will be 
defined based on the results of cross-correlation and autocorrelation analysis between 
theoretically identified economic indicators and sales of construction equipment during the 
time period 2005-2016. The level of statistical association between different lags of indicators 
and sales data will be identified using Pearson correlation coefficient, which indicates 
“strong” and “very strong” correlation when its absolute value is more than 0.6 (Evans, 1996). 
In addition, the autocorrelation function will be derived from annualized sales data using lags 
from -1 to -3 to recognize possible self-correlation of the time-series sales data. Indicators 
showing a high level of associations with construction equipment sales data will be included 
into the model constructed individually for each country. 
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5.3. Forecast accuracy measurements 

The following measures of forecast accuracy will be calculated to evaluate the predictive 
power of the ANN model: 

1. Percentage error (PE) 

PE t= �𝐴𝐴𝑡𝑡−𝐹𝐹𝑡𝑡
𝐴𝐴𝑡𝑡

� ∗ 100% (3) 

where At  is the actual value of output at period t and Ft is the forecasted value of output at 
period t. 

 
2. Mean forecast error (MFE) 

MFE = ∑ (𝑒𝑒𝑡𝑡)𝑘𝑘
𝑡𝑡=1
𝑘𝑘

    (4) 

and 

   et= At – Ft, (5) 

where At  is the actual value of output at period t and Ft  is the forecasted value of output at 
period t. k is a number of forecasted periods. 

3. Mean absolute percentage error (MAPE) 

   MAPE= ∑ |𝑃𝑃𝑃𝑃𝑡𝑡|𝑘𝑘
𝑡𝑡=1 /𝑘𝑘 (6) 

where PEt  is the percentage error of forecasted output at period t and k is the number of 
forecasted periods. 

The proposed accuracy measures will support the optimization of the architecture of ANN, 
provide a good indication of the prediction accuracy of the ANN models and finally will help 
to evaluate the reliability of ANN method in forecasting construction equipment demand and 
confirm the causal relationship between macroeconomic and construction indicators as well 
as demand for new construction machines. 
 

5.4. Data 

Data for economic indicators and sales of construction equipment for the time period 2005 Q1 
to 2016 Q4 will form a dataset for the empirical analysis. The time frame is limited to eleven 
years due to unavailability of construction equipment sales data for the earlier years.  
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The discussed literature review formed a list of indicators found to be related to construction 
equipment demand (Table 4-1). The related 40 economic indicators for the selected countries 
for the time period 2005 Q1 to 2016 Q4 are taken from Oxford Economics database.  A 
summary of selected indicators is presented in Table 5-1. 

Table 5-1 Summary of selected economic indicators.   

Average household personal disposable income Investment, private dwellings, real, LCU 
Capacity utilization Investment, total fixed investment, real, LCU 
Consumer price index Investment, total fixed, nominal, share of GDP 
Consumer spending  Investment, total fixed, PPP exchange rate, real, US$ 
Consumption, government, real, LCU Loan liabilities of non-financial corporations, LCU 
Current account of balance of payments, US$ Oil price 
Employment, total Oil price real, index 
Exchange rate, period average, per Euro Oil production 
Exports, goods & services, PPP exchange rate, nominal, US$ Reserves, foreign exchange, US$ 
Exports, goods & services, real, LCU Total household personal disposable income 
External debt, private, US$ Unemployment rate 
Foreign direct investment, US$ World aluminum price, constant exchange rates, US$ 
GDP per capita, nominal, US$ World coal price 
GDP per capita, PPP exchange rate, real, US$ World gas price 
Government balance, LCU World gold price, constant exchange rates, US$ 
Government debt, gross, LCU World iron price, constant exchange rates, US$ 
Housing starts World metals price, aggregate 
Imports, services, nominal, share of GDP World nickel price, constant exchange rates, US$ 
Industrial production index World tin price, constant exchange rates, US$ 
Interest, profit and dividends, debits, US$ World zinc price, constant exchange rates, US$ 
                                                                                                                      Source: Oxford Economics 

Data representing unit sales of construction equipment quarterly 2005-2016 for equipment 
types discussed previously in Chapter 2 (earthmoving equipment, material handling 
equipment, and road machinery) is sourced from CECE and Hargrove statistical associations 
(Committee for European Construction Equipment and Hargrove & Associates, Inc, 2017).   

For the purpose of the present study, construction equipment demand in top eight EMEA 
markets with respect to sales units (Germany, The United Kingdom, France, Italy, Norway, 
Russia, Turkey and Saudi Arabia) will be considered. Based on the construction equipment 
sales data 2013-2016 (Table 5-2), selected markets represent 63 percent of total sales for 
EMEA, thus being a decent proxy for the regional construction equipment demand. 

Table 5-2. Ranking of the countries by average unit sales of construction equipment 2005-2016 years 

Country rank by sales (units, 
2005-2016) 

average sales (units, 
2005-2016) % of total sales 

Germany 1 27 740 15% 
France 2 21 604 12% 
United Kingdom 3 19 527 11% 
Russia 4 14 117 8% 
Saudi Arabia 5 12 057 7% 
Turkey 6 8 628 5% 
Italy 7 7 997 4% 
Norway 8 3 876 2% 
Rest of countries  68 559 37% 
Total sales, units   184 605 100% 
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Descriptive statistics on quarterly sales data by machine type is given in Table 5-3. 

Table 5-3. Summary statistics for construction equipment quarterly sales (units) 2005-2016 years 

Sales data, units of machines Mean Min Max 
France, sales of Earthmoving equipment 3353 1556 5640 
France, sales of Material handling equipment 1090 543 2038 
France, sales of Road machinery 439 72 1122 
Germany, sales of Earthmoving equipment 4742 2481 8394 
Germany, sales of Material handling equipment 1843 813 2989 
Germany, sales of Road machinery 349 118 787 
Italy, sales of Earthmoving equipment 2617 719 6517 
Italy, sales of Material handling equipment 768 233 1917 
Italy, sales of Road machinery 140 23 338 
Norway, sales of Earthmoving equipment 326 63 692 
Norway, sales of Material handling equipment 412 152 654 
Norway, sales of Road machinery 45 5 153 
Russia. sales of Earthmoving equipment 1226 165 2820 
Russia, sales of Material handling equipment 1524 290 2952 
Russia, sales of Road machinery 264 34 763 
Saudi Arabia, sales of Earthmoving equipment 809 163 1503 
Saudi Arabia, sales of Material handling equipment 910 270 1730 
Saudi Arabia, sales of Road machinery 280 24 584 
Turkey, sales of Earthmoving equipment 885 180 1647 
Turkey, sales of Material handling equipment 1029 246 1761 
Turkey, sales of Road machinery 243 79 453 
UK, sales of Earthmoving equipment 3368 1694 5910 
UK, sales of Material handling equipment 1523 729 2491 
UK, sales of Road machinery 510 69 1029 
 

5.5. Data transformations 

Economic indicators 

The conceptual list of economic indicators is provided in Table 5.1. It is considered to be 
more preferable when economic indicators are expressed by a change in volumes for current 
quarter versus volumes for previous quarter (Quarter on Quarter). This allows seeing the 
change in the business cycle earlier than in case of year over year (Year on Year) growth rates 
(Eurostat, 2017). Thus, for the purpose of the present study, time-series data for economic 
indicators will be transformed into annualized quarterly growth rates (Equation 7). 

Annualized QoQ growth rate= Average of current 4 quarteres−Average of previous 4 quarters
Average of previous 4 quarters

 

 

(7) 
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Sales data for construction equipment 

Sales data for construction equipment has a strong seasonal trend reflecting the seasonality in 
construction business due to the difference in weather conditions. Figure 5-2 shows seasonal 
fluctuations of construction equipment quarterly sales in selected for the analysis countries 
(Germany, The United Kingdom, France, Italy, Norway, Russia, Turkey and Saudi Arabia) 
2013-2016 with spring season of second quarter being the highest. 

 

Figure 5-2 Quarterly sales of construction equipment in selected countries 2013-2016 

 

To eliminate seasonal variations, quarterly sales data of construction equipment by segment 
will be converted to annualized level values using the following formula: 

Q’t=Qt+Qt-1+Qt-2+Qt-3 
 

(8) 

where Q’t  is a sum of units sales for the current four quarters  

As a result of data transformations, time series data on economic indicators will be defined in 
annualized quarterly growth rates and sales data for construction equipment will be expressed 
in annualized level values.   
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6. Empirical analysis 
 

This section is dedicated to the construction of ANN models predicting sales of construction 
equipment in the following countries:  Germany, The United Kingdom, France, Italy, Norway, 
Russia, Turkey and Saudi Arabia. Reliability of each ANN country model will be evaluated 
using earlier discussed forecast accuracy measures. 

 

6.1. Results of cross-correlation and autocorrelation analysis 
 
The first step in designing the architecture of the ANN (Figure 5-1) model is a selection of the 
appropriate input vector. As it was earlier discussed in Chapter 5, relevant input indicators 
will be selected based on correlation and autocorrelation analysis. Correlations were 
computed between annualized quarter on quarter growth rates for economic indicators and 
annualized level values of construction equipment sales for each country. In addition, 
autocorrelations for annualized level values of construction equipment sales in each country 
were calculated. The strength of the correlation is measured by Pearsons correlation 
coefficient. Correlations and autocorrelations were computed at different lags from 0 to 3 
quarters.  Results of the analysis are presented in Table 6-1. 

The conducted correlation analysis highlighted several strong associations (Pearsons 
coefficient greater than 0.6) at different lags between annualized quarterly growth rates of 
economic indicators and annualized equipment sales for each country. A positive sign of 
Pearsons coefficient indicates a positive relationship between growth rates of the indicator 
and equipment sales, while a negative sign points to a presence of inverse relationships. 

Thus, as it can be seen in Table 6-1, each country has its own unique set of indicators, 
strongly associated with the construction equipment market.  Therefore, for the purpose of the 
present study, individual ANN country models will be constructed for each of the chosen 
countries using related sets of indicators. Lagged time series data on annualized construction 
equipment sales will be used as an additional input parameter for ANN country models. 

Correlation and Autocorrelation analysis has also been performed between the annualized 
quarterly growth rate of economic indicators and annualized sales data for three types of 
construction machinery. Full results of correlation and autocorrelation analysis are presented 
in Appendix B. The results showed that for each country at least two of three equipment types 
have the same set of related indicators as the total equipment sales. Therefore, ANN country 
models can also be applicable to forecast equipment demand for different machine types 
independently providing that same selection of indicators found to be significant for 
considering equipment product family. 
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Table 6-1.  Best lag correlation results (Pearson correlation coefficients) 2 

Economic indicators, annualized 
quarter on quarter growth rates 

Annualized level values of construction equipment sales 

France Germany UK Italy Norway Russia Saudi 
Arabia Turkey 

Consumer spending  0.80   0.63           
Consumer price index       0.62   -0.66     
Employment, total 0.68 0.86             
Exports, goods & services, PPP 
exchange rate, nominal, US$   0.74             
Exports, goods & services, real, LCU   0.76             
GDP per capita, nominal, US$ 0.67       0.66       
Government balance, LCU                 
Government debt, gross, LCU -0.78   -0.70           
Industrial production index   0.74           0.76 
Interest, profit and dividends, debits, 
US$ 0.81   0.77           
Investment, private dwellings, real 
LCU 0.75               
Investment, total fixed, nominal, share 
of GDP 0.83             0,63 
Investment, total fixed,  real, US$ 0.80 0.78           0.63 
Loans from Foreign Controlled & 
Located Banks  0.82   0.79           
Oil price               -0.61 
Reserves, foreign exchange, US$       0.61         
Unemployment rate -0.80         -0.73     
World gas price           0.62 -0.63   
World metals price, aggregate         -0.75       
Annualized level values of 
construction equipment sales 
(autocorrelation) 0.95 0.94 0.96 0.99 0.89 0.94 0.87 0.90 

6.2. Architecture of ANN country models 

For the purpose of the present study, a three-layered ANN architecture is chosen (Figure 5-1). 
Based on the results of the correlation and autocorrelation analysis discussed in the previous 
section, the input vector (X1, X2, .., Xn) in the first layer will consist of the lagged time series 
data of relevant economic indicators for each country and lagged time series data for 
construction equipment sales. Independent variables representing economic indicators are 
defined as annualized quarter on quarter growth rates. Variables representing sales data on 
construction equipment are expressed in annualized level values. Accordingly, all variables in 
ANN models are seasonally adjusted. 

Summary of selected independent input variables, based on correlation and autocorrelation 
analysis conducted in the previous section, for each ANN country model is presented in Table 
6-2. As shown in Table 6-2, ANN France has the largest number of input parameters while 
ANN Italy, ANN Norway, and ANN Saudi Arabia have a much smaller size of input vector, 
incorporating only some variables.  

                                                           
2 Only coefficients greater than 0.6 indicating strong correlations (Evans, 1996) are presented in the Table 6-1. 
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Table 6-2. Selected input parameters for ANN country models 

ANN France 
X1- Consumer spending, lag 3 
X2- Employment, total, lag 3 
X3- GDP per capita, nominal, US$, lag 2 
X4- Government debt, gross, LCU, lag 3 
X5- Interest, profit and dividends, debits, US$, lag3 
X6 - Investment, private dwellings, real, LCU, lag 3 
X7 - Investment, total fixed, nominal, share of GDP, lag2 
X8- Investment, total fixed, real, US$, lag 3 
X9- Loans from Foreign Controlled & Located Banks , lag 3 
X10- Unemployment rate, lag 3 
X11- Sales data , lag 1 

ANN Germany 
X1- Employment, total, lag 1 
X2- Exports, goods & services, PPP exchange rate, 
nominal, US$, lag 3 
X3- Exports, goods & services, real, LCU, lag X4- 
Industrial production index, lag 3 
X5- Investment, total fixed, real, US$, lag 3 
X6- Sales data , lag 1 

ANN UK 
X1- Consumer spending, lag3 
X2- Government debt, gross, LCU, lag3 
X3- Interest, profit and dividends, debits, US$, lag 3 
X4- Loans from Foreign Controlled & Located Banks, lag3 
X5- Sales data , lag 1 

ANN Turkey 
X1- Industrial production index,  lag2 
X2- Investment, total fixed, nominal, share of GDP, 
lag2 
X3- Investment, total fixed, real, US$, lag 2 
X4- Oil price, lag 3 
X5- Sales data , lag 1 

ANN Norway 
X1- GDP per capita, nominal, US$, lag 3 
X2- World metals price, aggregate, lag 3 
X3- Sales data , lag 1 

ANN Italy 
X1- Consumer price index 
X2- Reserves, foreign exchange, US$ 
X3- Sales data , lag 1 

ANN Russia 
X1- Consumer price index, lag 3 
X2- Unemployment rate, lag 3 
X3- World gas price, lag 1 
X4- Sales data , lag 1 

ANN Saudi Arabia 
X1- World gas price 
X2- Sales data , lag 1 

The output vector (�́�𝑌) will be represented by sales of construction equipment and expressed in 
annualized level values. Dataset 2006 Q1 to 2015 Q4 will be used as a training set, 2016 Q1 
to 2016 Q4 as a testing set. Therefore, the first 40 quarterly records are used for the 
developing and learning purpose, and 4 quarterly records are left for validation of forecasted 
outcomes. 

In the present study, the topology of the hidden layer is chosen using an experimental 
approach Heaton (2016). A series of learning exercises was performed on the training datasets 
for each ANN country model to select the optimal number of nodes in the hidden layer. The 
number of nodes in the hidden layer was gradually increased from 1 to 3 under each training 
process, and the ANN model’s performance was evaluated on the testing set.  Least MAPE 
value for three training exercises (with 1, 2 and three nodes in the hidden layer) was selected 
as a criterion to define the best performing ANN topology for a respective country. Technical 
ANN parameters, such as learning rate and learning momentum, were kept unchanged at the 
default levels revealed by NeuroXL Predictor tool. Sizes of the hidden layer for the respective 
ANN models are presented in Table 6-3. 
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Table 6-3.  Experimenting with ANN model topology  

ANN model 
Number of 
nodes in the 
hidden layer 

Learning 
Rate 

Learning 
momentum MAPE,% 

ANN France 3 0.8 0.9 1.84 
ANN Germany 2 0.8 0.9 2.40 
ANN UK 2 0.8 0.9 1.41 
ANN Italy 1 0.8 0.9 3.63 
ANN Norway 1 0.8 0.9 12.37 
ANN Russia 1 0.8 0.9 5.80 
ANN Saudi Arabia 1 0.8 0.9 14.60 
ANN Turkey 2 0.8 0.9 14.79 

6.3. Forecasting results and discussion 

To test the sustainability and reliability of the system’s outcomes, each ANN country model 
was trained twice. Following each training, the performance of the ANN model was validated 
on the predefined testing set of data 2016 Q1to 2016 Q4. Thus, two forecasts were received 
for each ANN country model. The forecasting outcomes for annualized quarterly construction 
equipment sales are shown in Table 6-4 and also graphically presented in Appendix B. 

Table 6-4. Forecasting results obtained by ANN country models 

    

ANN 
France 

ANN 
Germany 

ANN 
UK 

ANN 
Italy 

ANN 
Norway 

ANN 
Russia 

ANN 
Saudi 
Arabia 

ANN 
Turkey 

Actual data 

2016 Q1 17057 29291 24152 7661 4072 5366 9768 10246 
2016 Q2 18984 31494 22952 8214 4252 5371 7209 10736 
2016 Q3 19296 33441 22551 8520 4312 5352 5445 11254 
2016 Q4 19472 34383 22825 9320 4230 5829 3879 10824 

Forecast 1 

2016 Q1 16902 28972 24309 7303 4222 6032 10453 9705 
2016 Q2 18693 31290 22871 7805 4414 5678 8596 8954 
2016 Q3 18978 32967 22789 8321 4385 5504 6704 9340 
2016 Q4 19190 34678 22032 9513 4082 6071 4670 9562 

Forecast 2 

2016 Q1 17129 29025 24431 7406 4222 5748 9980 9796 
2016 Q2 18734 30858 23109 8323 4341 5674 8604 8765 
2016 Q3 18965 32847 22821 8743 4208 5232 6473 9745 
2016 Q4 19289 33961 22731 9621 4222 5783 4675 9865 

 
 
 
Forecast accuracy calculations (Equations (3), (4) and (6)) discussed in section 5.3 are 
presented in Table 6-5. 
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Table 6-5. Measures of accuracy for ANN country models 

    

ANN 
France 

ANN 
Germany 

ANN 
UK 

ANN 
Italy 

ANN 
Norway 

ANN 
Russia 

ANN 
Saudi 
Arabia 

ANN 
Turkey 

Forecast 1 

PE for 2016 Q1,% 0.92 1.10 0.65 4.90 3.56 11.04 6.55 5.57 
PE for 2016 Q2,% 1.56 0.65 0.35 5.24 3.68 5.41 16.14 19.90 
PE for 2016 Q3,% 1.68 1.44 1.04 2.39 1.67 2.76 18.78 20.49 
PE for 2016 Q4,% 1.47 0.85 2.60 2.03 3.62 3.99 16.94 13.20 
MFE -1.40 -0.59 -0.57 -2.63 -1.32 5.80 14.60 -14.79 
MAPE,% 1.40 1.01 1.41 3.63 3.13 5.80 14.60 14.79 

Forecast 2 

PE for 2016 Q1,% 0.42 0.92 1.14 3.44 3.56 6.65 2.12 4.59 
PE for 2016 Q2,% 1.33 2.06 0.68 1.31 2.04 5.34 16.21 22.49 
PE for 2016 Q3,% 1.75 1.81 1.18 2.55 2.47 2.29 15.88 15.48 
PE for 2016 Q4,% 0.95 1.24 0.41 3.13 0.19 0.80 17.03 9.72 
MFE -0.90 -1.51 0.65 0.89 -0.74 2.22 12.81 -13.07 
MAPE,% 1.11 1.51 0.85 2.61 2.06 3.77 12.81 13.07 

As it is presented in Table 6-5, forecast accuracy measures: PE, MFE and MAPE for forecasts 
received by ANN France, ANN Germany and ANN UK have smaller values (not more than 3 
percent in absolute terms) compared to the predictions obtained by the rest of ANN country 
models indicating a high forecasting performance of the considered models with respect to 
selected input parameters. MFE values for these three models are negative with the only 
exception of Forecast 2 provided by ANN UK indicating that the discussed ANN models tend 
to under-forecast. ANN country models for Italy, Norway, and Russia also yield acceptable 
predicted outcomes with MAPE less than 4 percent for ANN Italy and ANN Norway and less 
than 6 percent for ANN Russia. Low forecasts errors imply that selected economic indicators 
may be used as input parameters to accurate forecast construction equipment demand in the 
selected countries. 

PE, MFE, and MAPE for ANN Saudi Arabia and ANN Turkey are considerably higher than 
achieved by previously discussed models and vary in the range of 13-15 percent. High values 
of percentage errors can indicate that, besides chosen input indicators, other economic and 
non-economic factors have a substantial impact on demand for construction equipment in 
Saudi Arabia and Turkey. Such factors can be linked to government regulations in the 
construction sector, the business cycle of the construction equipment industry or simply 
reliability of the sales data. Considering that, construction equipment demand forecasting in 
Saudi Arabia and Turkey by means of ANN can be treated as exceptional cases, where expert 
evaluation of future market development should complement the predicting outcomes given 
by ANN. 

Overall, the forecasting results show a small deviation of PE and MAPE for both forecasts 
obtained by ANN country models indicating that the ANN models are sufficiently trained and 
can provide consistent and stable outcomes based on the chosen input parameters. The above 
implies that ANNs have not just memorized the associations between input and output 
elements in the training samples but also studied the existing relationships and are able to 
generate accurate responses when new data is presented to a network.   
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7. Conclusions and suggestions for future research 

In order to complete the present study, conclusions and recommendations for further research 
are presented.  

7.1. Conclusions 
The main purpose of this study was to determine economic factors driving the demand for 
construction equipment and, based on the associated economic indicators, forecast future 
market demand in the selected set of countries. The first step towards achieving this objective 
was to carry out a comprehensive literature review of the market drivers and corresponding 
economic indicators as well as methods and models used to anticipate construction market 
trends.  A summary of 20 economic factors (and signs of their impact), found to be associated 
with construction demand, has served as a foundation for the empirical research.  

Under the second step, based on theoretically identified economic factors that plausibly can 
impact the level of construction activity in an individual country, a corresponding set of 40 
economic indicators available through (Oxford Economics, 2017) was compiled. In the scope 
of the present study, construction equipment demand in the top eight EMEA markets 
(Germany, The United Kingdom, France, Italy, Norway, Russia, Turkey and Saudi Arabia) 
which represent about 63 percent of total sales for EMEA region, has been considered. As a 
result of correlation analysis between annualized growth rates of economic indicators and 
total annualized sales values of construction equipment, several significant associations at 
different lags were established for each individual country. In addition, time series data on 
equipment sales for all countries showed strong serial correlation. The analysis showed that 
each country has its unique set of economic determinants and thus, a separate ANN model 
had to be constructed for the respective country. Indicators that were found to be significantly 
associated with sales of construction equipment in a particular country together with one 
quarter lagged annualized sales data formed the input vector for each ANN country model.   

Correlation and Autocorrelation analysis has been extended to three types of construction 
machinery in each country. The analysis showed that for each country at least two of three 
equipment types have the same set of related indicators as the total equipment sales. 
Therefore, individual ANN country models can also be applicable to forecast equipment 
demand for different machine types independently given that same selection of indicators 
found to be significant for a considering equipment product family. This provides an 
additional benefit of applying ANN since once the model is designed and evaluated to 
accurately be able to predict total machine sales in an individual country, the same model can 
be employed to forecast the demand for a specific machine type which allows deeper machine 
demand understanding. 

The last step of the present study was devoted to the evaluation of the forecasted outcomes 
obtained by individual ANN country models. For this purpose, a testing set of annualized 
sales data for four quarters of 2016 was used. Overall, the forecasted results generated by 
ANN France, ANN Germany, and ANN UK were highly accurate with percentage errors PE, 
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MFE and MAPE below 3 percent. ANN country models for Italy, Norway, and Russia also 
generated acceptable predicted outcomes with MAPE less than 4 percent for ANN Italy and 
ANN Norway and less than 6 percent for ANN Russia. Low forecast errors imply that 
selected economic indicators should be used as input parameters to accurately forecast 
construction equipment demand in the selected countries. The predictions received by ANN 
Saudi Arabia and ANN Turkey have considerably higher forecasted errors. High values of 
percentage errors presumably indicate that, apart from chosen input indicators, other 
economic and non-economic factors have a substantial impact on demand for construction 
equipment in these markets. Such factors can be linked to government regulations in the 
construction sector, business cycle of construction equipment industry or simply reliability of 
the sales data.   Therefore, it is reasonable to suggest a complementary expert evaluation for 
the purpose of more accurate future market development forecasts in Saudi Arabia and 
Turkey, while the ANN expected to deliver a stable baseline scenario. 

Overall, forecasting results showed a small deviation of PE and MAPE for both forecasts 
obtained by ANN country models indicating that the ANN models are sufficiently trained and 
can produce consistent and stable outcomes based on the chosen input parameters.  

The main conclusions which can be drawn from the present research are that firstly, demand 
for construction equipment is heavily influenced by a change in economic conditions. 
Secondly, country-specific economic indicators serve as reliable input parameters to 
anticipate fluctuations on the construction equipment market. Finally, the applied ANN 
forecasting methodology gives highly accurate and reliable predictions for construction 
equipment demand in six out of eight countries, given that this state-of–art technique can be 
successfully implemented for demand modeling purposes. 

7.2.  Study limitations 

The geographical scope of the present research is limited to the modeling of construction 
demand in eight countries: Germany, The United Kingdom, France, Italy, Norway, Russia, 
Turkey and Saudi Arabia. However, many of the findings including the proposed 
methodological approach are believed to be applicable to other countries of interest.  

Another limitation comes from the inability of the proposed ANN method to explain the 
relationships between input and output parameters. Therefore, a firm understanding of the 
output determinants is required for a successful implementation of ANN forecasting method. 

7.3. Future research 

Future research may consider the impact of additional factors on the demand for new 
machines such as construction indicators, business sentiment indexes and aspects linked to 
construction equipment industry cycle e.g. utilization of machines, equipment replacement 
rates, etc. This could reveal a range of new input parameters determining construction 
equipment demand. Depending on the area of interest the future research could be limited to a 
specific market or machine type since it is suggested that a unique set of input parameters 
needs to be identified in each individual case. 
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Appendix A  
 

Table A-0-1 Correlation matrix France (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 
Earthmoving equipment Material handling equipment Road machinery Total 

t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 
Capacity utilisation 0.50 0.46 0.36 0.19 0.42 0.36 0.22 0.02 0.42 0.44 0.40 0.24 0.48 0.44 0.34 0.16 

Consumer price index 0.25 0.40 0.50 0.51 0.43 0.56 0.61 0.57 0.31 0.49 0.59 0.58 0.30 0.46 0.54 0.54 
Consumer spending by product / service - Total 
consumer spending 0.78 0.79 0.76 0.65 0.84 0.81 0.72 0.57 0.76 0.79 0.77 0.66 0.80 0.81 0.76 0.64 
Consumption, government, real, LCU -0.16 -0.23 -0.26 -0.21 -0.12 -0.20 -0.21 -0.11 -0.08 -0.26 -0.35 -0.32 -0.14 -0.23 -0.26 -0.20 
Current account of balance of payments, US$ 0.27 0.34 0.34 0.28 0.32 0.31 0.25 0.17 0.28 0.31 0.25 0.20 0.29 0.33 0.31 0.24 

Employment, total 0.71 0.65 0.54 0.41 0.64 0.57 0.46 0.30 0.56 0.53 0.44 0.32 0.68 0.63 0.52 0.38 
Exchange rate, period average, per Euro 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exports, goods & services, PPP exchange rate, 
nominal, US$ 0.50 0.45 0.35 0.19 0.44 0.38 0.24 0.03 0.46 0.47 0.41 0.25 0.49 0.44 0.34 0.16 
Exports, goods & services, real, LCU 0.47 0.39 0.26 0.06 0.37 0.27 0.10 -0.12 0.43 0.40 0.30 0.11 0.44 0.37 0.23 0.03 
Foreign direct investment, US$ 0.03 0.04 0.05 0.03 0.02 0.02 0.03 -0.01 -0.09 -0.08 -0.06 -0.05 0.01 0.02 0.03 0.01 

GDP per capita, nominal, US$ 0.55 0.65 0.64 0.53 0.64 0.66 0.60 0.46 0.62 0.72 0.71 0.57 0.59 0.67 0.65 0.53 
Government balance, LCU -0.51 -0.43 -0.29 -0.09 -0.34 -0.24 -0.07 0.15 -0.44 -0.41 -0.29 -0.09 -0.47 -0.39 -0.24 -0.03 

Government debt, gross, LCU -0.80 -0.77 -0.67 -0.51 -0.72 -0.66 -0.54 -0.36 -0.70 -0.72 -0.65 -0.50 -0.78 -0.75 -0.65 -0.48 
Housing starts 0.31 0.15 -0.06 -0.28 0.21 0.02 -0.20 -0.42 0.33 0.14 -0.07 -0.32 0.30 0.12 -0.09 -0.32 
Industrial production index 0.56 0.49 0.34 0.11 0.46 0.35 0.15 -0.10 0.52 0.49 0.37 0.13 0.54 0.46 0.30 0.06 

Interest, profit and dividends, debits, US$ 0.80 0.81 0.72 0.58 0.80 0.75 0.62 0.42 0.82 0.82 0.76 0.59 0.81 0.81 0.71 0.56 

Investment, private dwellings, real, LCU 0.77 0.68 0.53 0.31 0.66 0.54 0.35 0.11 0.73 0.67 0.52 0.30 0.75 0.66 0.49 0.27 

Investment, total fixed, nominal, share of GDP 0.78 0.83 0.81 0.68 0.80 0.81 0.71 0.53 0.71 0.79 0.77 0.64 0.78 0.83 0.79 0.65 

Investment, total fixed, PPP exchange rate, real, US$ 0.81 0.80 0.71 0.52 0.77 0.71 0.56 0.32 0.75 0.76 0.69 0.49 0.80 0.79 0.68 0.48 
Loans from Foreign Controlled & Located Banks 
{Maturity less than 1year}, at end-period 0.80 0.79 0.70 0.55 0.83 0.76 0.63 0.44 0.84 0.85 0.76 0.59 0.82 0.80 0.70 0.54 
Oil price real, index 0.28 0.36 0.36 0.28 0.40 0.44 0.38 0.25 0.41 0.51 0.49 0.36 0.33 0.40 0.39 0.29 

Reserves, foreign exchange, US$ 0.65 0.55 0.38 0.18 0.55 0.41 0.24 0.03 0.62 0.55 0.42 0.21 0.63 0.52 0.36 0.15 
Reserves, months of import cover 0.41 0.24 0.06 -0.10 0.24 0.07 -0.08 -0.22 0.35 0.20 0.05 -0.12 0.37 0.20 0.03 -0.13 

Unemployment rate -0.69 -0.80 -0.81 -0.69 -0.75 -0.78 -0.72 -0.54 -0.63 -0.77 -0.81 -0.67 -0.71 -0.80 -0.80 -0.66 

Visible trade balance, US$ 0.46 0.57 0.59 0.51 0.59 0.64 0.59 0.48 0.50 0.64 0.65 0.58 0.51 0.60 0.60 0.52 

World coal price 0.33 0.49 0.57 0.53 0.51 0.64 0.65 0.53 0.38 0.58 0.66 0.55 0.39 0.55 0.61 0.54 
World gas price 0.21 0.34 0.44 0.46 0.31 0.43 0.48 0.44 0.29 0.47 0.57 0.57 0.25 0.39 0.47 0.47 
World metals price, aggregate 0.47 0.35 0.21 0.05 0.47 0.33 0.17 -0.01 0.57 0.48 0.33 0.13 0.49 0.37 0.22 0.05 

Autocorrelation 0.63 0.82 0.95 1.00 0.66 0.83 0.95 1.00 0.58 0.78 0.93 1.00 0.64 0.82 0.95 1.00 
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Table A-0-2 Correlation matrix Germany (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 

Earthmoving equipment Material handling equipment Road machinery Total 

t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 
Capacity utilisation 0.67 0.60 0.45 0.23 0.55 0.45 0.29 0.04 0.33 0.25 0.14 -0.02 0.67 0.59 0.42 0.18 

Consumer price index 0.01 0.16 0.25 0.29 0.51 0.65 0.73 0.72 0.25 0.36 0.42 0.44 0.20 0.36 0.45 0.48 
Consumer spending by product / service - Total 
consumer spending 0.59 0.60 0.54 0.39 0.45 0.44 0.36 0.19 0.26 0.22 0.18 0.04 0.59 0.58 0.51 0.34 

Consumption, government, real, LCU -0.42 -0.22 -0.02 0.17 -0.37 -0.21 -0.07 0.08 -0.11 0.06 0.20 0.35 -0.42 -0.22 -0.02 0.17 

Current account of balance of payments, US$ 0.48 0.44 0.30 0.11 0.58 0.46 0.30 0.11 0.53 0.42 0.24 0.05 0.57 0.49 0.33 0.12 

Employment, total 0.49 0.67 0.76 0.73 0.65 0.76 0.81 0.77 0.60 0.67 0.67 0.60 0.60 0.78 0.85 0.82 

Exchange rate, period average, per Euro 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exports, goods & services, PPP exchange rate, 
nominal, US$ 0.68 0.60 0.44 0.22 0.68 0.58 0.41 0.15 0.48 0.39 0.25 0.06 0.74 0.64 0.46 0.21 

Exports, goods & services, real, LCU 0.69 0.60 0.44 0.20 0.72 0.60 0.41 0.14 0.53 0.43 0.29 0.08 0.76 0.66 0.47 0.19 

Foreign direct investment, US$ 0.01 -0.04 -0.07 -0.12 0.06 0.02 -0.02 -0.04 0.12 0.10 0.06 0.02 0.04 -0.02 -0.05 -0.09 

GDP per capita, nominal, US$ 0.22 0.30 0.28 0.17 0.57 0.59 0.52 0.39 0.39 0.41 0.37 0.29 0.37 0.44 0.40 0.27 

Government balance, LCU -0.14 -0.21 -0.27 -0.25 -0.37 -0.42 -0.44 -0.38 -0.26 -0.31 -0.35 -0.33 -0.24 -0.31 -0.36 -0.33 

Government debt, gross, LCU -0.43 -0.61 -0.76 -0.83 -0.19 -0.32 -0.39 -0.39 -0.39 -0.47 -0.52 -0.49 -0.39 -0.57 -0.70 -0.75 

Industrial production index 0.69 0.63 0.48 0.24 0.69 0.59 0.41 0.14 0.46 0.39 0.26 0.06 0.74 0.67 0.49 0.22 

Interest, profit and dividends, debits, US$ 0.59 0.54 0.41 0.25 0.82 0.71 0.51 0.27 0.67 0.58 0.44 0.27 0.74 0.66 0.49 0.29 

Investment, private dwellings, real, LCU 0.54 0.41 0.26 0.06 0.31 0.15 -0.02 -0.21 0.09 -0.08 -0.24 -0.39 0.48 0.33 0.15 -0.06 

Investment, total fixed, nominal, share of GDP 0.57 0.55 0.47 0.28 0.65 0.60 0.49 0.31 0.46 0.39 0.30 0.15 0.65 0.62 0.52 0.31 

Investment, total fixed, PPP exchange rate, real, US$ 0.71 0.66 0.53 0.29 0.72 0.63 0.47 0.22 0.53 0.44 0.31 0.13 0.78 0.71 0.55 0.29 
Loans from Foreign Controlled & Located Banks 
{Maturity less than 1year}, at end-period 0.42 0.48 0.44 0.31 0.80 0.79 0.67 0.46 0.57 0.58 0.53 0.41 0.60 0.65 0.57 0.40 

Oil price real, index 0.04 0.07 0.04 -0.02 0.40 0.43 0.37 0.25 0.07 0.11 0.10 0.07 0.17 0.20 0.16 0.07 

Reserves, foreign exchange, US$ 0.36 0.52 0.59 0.56 0.48 0.58 0.56 0.44 0.34 0.43 0.46 0.37 0.44 0.59 0.64 0.57 

Reserves, months of import cover -0.33 -0.28 -0.15 0.05 -0.62 -0.55 -0.42 -0.23 -0.37 -0.32 -0.22 -0.11 -0.47 -0.41 -0.26 -0.05 

Unemployment rate -0.33 -0.46 -0.51 -0.46 -0.80 -0.89 -0.89 -0.79 -0.70 -0.78 -0.79 -0.72 -0.55 -0.68 -0.72 -0.65 

Visible trade balance, US$ 0.50 0.52 0.44 0.28 0.57 0.52 0.38 0.19 0.50 0.45 0.31 0.12 0.58 0.57 0.46 0.27 

World coal price 0.06 0.19 0.26 0.29 0.50 0.61 0.63 0.53 0.30 0.44 0.50 0.50 0.23 0.37 0.43 0.42 

World gas price 0.05 0.14 0.21 0.25 0.28 0.40 0.45 0.43 0.07 0.17 0.24 0.25 0.13 0.24 0.31 0.34 

World metals price, aggregate 0.21 0.05 -0.14 -0.31 0.53 0.37 0.17 -0.04 0.30 0.19 0.07 -0.06 0.35 0.17 -0.03 -0.24 

Autocorrelation 0.55 0.79 0.94 1.00 0.59 0.80 0.94 1.00 0.70 0.85 0.95 1.00 0.50 0.76 0.93 1.00 
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Table A-0-3 Correlation matrix United Kingdom (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 
Earthmoving equipment Material handling equipment Road machinery Total 
t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 

Capacity utilisation -0.29 -0.22 -0.15 -0.02 -0.36 -0.29 -0.21 -0.07 -0.28 -0.20 -0.14 -0.04 -0.31 -0.24 -0.17 -0.03 
Consumer price index -0.33 -0.30 -0.24 -0.20 -0.47 -0.47 -0.43 -0.40 -0.56 -0.52 -0.49 -0.44 -0.41 -0.38 -0.33 -0.29 
Consumer spending by product / service - Total 
consumer spending 0.62 0.59 0.55 0.46 0.63 0.64 0.59 0.50 0.60 0.62 0.59 0.52 0.63 0.62 0.58 0.49 
Consumption, government, real, LCU 0.20 0.21 0.31 0.42 0.19 0.19 0.22 0.28 0.23 0.20 0.23 0.32 0.20 0.21 0.28 0.38 
Current account of balance of payments, US$ 0.31 0.35 0.34 0.34 0.26 0.25 0.22 0.20 0.18 0.23 0.29 0.30 0.28 0.31 0.31 0.31 

Employment, total 0.57 0.55 0.50 0.41 0.69 0.70 0.66 0.56 0.68 0.68 0.65 0.57 0.63 0.62 0.58 0.49 
Exchange rate, period average, per Euro 0.29 0.19 0.07 -0.06 0.47 0.38 0.22 0.03 0.49 0.35 0.19 0.02 0.38 0.27 0.13 -0.03 
Exports, goods & services, PPP exchange rate, nominal, 
US$ 0.04 0.06 0.06 0.03 -0.16 -0.13 -0.05 0.03 -0.01 0.03 0.06 0.06 -0.02 0.01 0.03 0.04 
Exports, goods & services, real, LCU 0.31 0.30 0.24 0.14 0.18 0.19 0.22 0.21 0.36 0.36 0.32 0.23 0.29 0.28 0.25 0.17 
Foreign direct investment, US$ -0.08 -0.07 -0.10 -0.15 0.02 -0.01 -0.07 -0.10 0.00 -0.05 -0.08 -0.11 -0.04 -0.05 -0.09 -0.13 

GDP per capita, nominal, US$ 0.60 0.57 0.46 0.28 0.64 0.63 0.51 0.29 0.56 0.53 0.41 0.23 0.62 0.59 0.48 0.28 
Government balance, LCU -0.44 -0.33 -0.19 0.01 -0.53 -0.43 -0.32 -0.16 -0.55 -0.50 -0.39 -0.22 -0.49 -0.39 -0.26 -0.07 

Government debt, gross, LCU -0.63 -0.65 -0.62 -0.54 -0.68 -0.72 -0.73 -0.67 -0.70 -0.74 -0.74 -0.70 -0.67 -0.70 -0.68 -0.61 
Industrial production index 0.49 0.44 0.36 0.20 0.59 0.58 0.51 0.36 0.58 0.57 0.51 0.38 0.54 0.51 0.43 0.27 

Interest, profit and dividends, debits, US$ 0.80 0.78 0.69 0.54 0.69 0.70 0.64 0.50 0.69 0.72 0.68 0.55 0.77 0.76 0.69 0.54 
Investment, private dwellings, real, LCU 0.31 0.25 0.15 0.01 0.47 0.44 0.35 0.22 0.44 0.39 0.32 0.20 0.38 0.33 0.23 0.09 

Investment, total fixed, nominal, share of GDP 0.52 0.48 0.40 0.26 0.63 0.60 0.49 0.31 0.54 0.52 0.45 0.37 0.56 0.53 0.44 0.29 

Investment, total fixed, PPP exchange rate, real, US$ 0.56 0.49 0.38 0.20 0.68 0.64 0.52 0.31 0.62 0.58 0.48 0.34 0.62 0.55 0.44 0.25 
Loans from Foreign Controlled & Located Banks 
{Maturity less than 1year}, at end-period 0.82 0.79 0.70 0.56 0.73 0.74 0.65 0.48 0.67 0.67 0.61 0.51 0.79 0.78 0.69 0.55 
Oil price real, index 0.08 0.13 0.14 0.07 -0.07 -0.02 0.02 -0.01 -0.10 -0.05 -0.04 -0.05 0.01 0.07 0.09 0.03 
Reserves, foreign exchange, US$ 0.32 0.32 0.25 0.11 0.38 0.43 0.40 0.30 0.45 0.45 0.40 0.29 0.36 0.38 0.32 0.20 
Reserves, months of import cover -0.11 -0.12 -0.10 -0.07 0.03 0.05 0.07 0.10 0.09 0.08 0.09 0.12 -0.05 -0.04 -0.03 0.01 

Unemployment rate -0.49 -0.48 -0.43 -0.32 -0.63 -0.69 -0.67 -0.56 -0.63 -0.63 -0.57 -0.46 -0.56 -0.57 -0.53 -0.41 
Visible trade balance, US$ 0.53 0.52 0.42 0.28 0.52 0.52 0.44 0.27 0.40 0.41 0.38 0.29 0.52 0.52 0.43 0.29 
World coal price 0.14 0.30 0.42 0.42 0.01 0.18 0.34 0.41 -0.03 0.13 0.27 0.35 0.08 0.25 0.39 0.42 
World gas price 0.09 0.16 0.21 0.23 -0.02 0.07 0.16 0.22 -0.05 0.00 0.05 0.10 0.04 0.11 0.18 0.21 
World metals price, aggregate 0.36 0.27 0.18 0.04 0.26 0.16 0.04 -0.09 0.24 0.19 0.10 0.01 0.32 0.23 0.13 0.00 

Autocorrelation 0.71 0.85 0.96 1.00 0.62 0.81 0.95 1.00 0.75 0.87 0.96 1.00 0.71 0.86 0.96 1.00 
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Table A-0-4 Correlation matrix Italy (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 
Earthmoving equipment Material handling 

equipment Road machinery Total 

t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 

Capacity utilisation -0.06 -0.09 -0.12 -0.17 -0.07 -0.07 -0.09 -0.14 0.03 0.03 -0.01 -0.11 -0.06 -0.08 -0.11 -0.17 

Consumer price index 0.23 0.30 0.36 0.41 0.22 0.32 0.41 0.48 0.23 0.36 0.46 0.53 0.23 0.30 0.37 0.43 
Consumer spending by product / service - Total 
consumer spending 0.61 0.61 0.59 0.56 0.61 0.62 0.62 0.57 0.67 0.70 0.68 0.62 0.62 0.62 0.60 0.56 

Consumption, government, real, LCU 0.37 0.38 0.41 0.42 0.40 0.40 0.43 0.43 0.37 0.37 0.38 0.36 0.37 0.39 0.41 0.42 

Current account of balance of payments, US$ 0.02 0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.02 0.03 0.02 -0.01 0.02 0.02 0.02 0.01 

Employment, total 0.50 0.47 0.43 0.37 0.44 0.41 0.38 0.33 0.47 0.47 0.45 0.39 0.49 0.46 0.42 0.37 

Exchange rate, period average, per Euro 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Exports, goods & services, PPP exchange rate, 
nominal, US$ 0.16 0.15 0.12 0.06 0.14 0.16 0.15 0.10 0.24 0.27 0.25 0.17 0.16 0.15 0.13 0.08 

Exports, goods & services, real, LCU 0.12 0.10 0.06 0.00 0.10 0.11 0.09 0.02 0.21 0.22 0.18 0.07 0.12 0.11 0.07 0.00 

Foreign direct investment, US$ 0.05 0.04 0.03 0.01 0.05 0.04 0.03 0.01 0.04 0.03 0.03 0.01 0.05 0.04 0.03 0.01 

GDP per capita, nominal, US$ 0.46 0.49 0.50 0.48 0.48 0.52 0.51 0.47 0.56 0.58 0.54 0.45 0.47 0.50 0.50 0.48 

Government balance, LCU -0.18 -0.14 -0.08 0.00 -0.17 -0.14 -0.08 0.00 -0.24 -0.19 -0.11 -0.03 -0.19 -0.14 -0.08 0.00 

Government debt, gross, LCU -0.39 -0.41 -0.42 -0.41 -0.42 -0.45 -0.47 -0.46 -0.46 -0.49 -0.50 -0.48 -0.40 -0.42 -0.43 -0.42 

Housing starts 0.04 -0.05 -0.14 -0.24 -0.06 -0.15 -0.23 -0.32 -0.03 -0.11 -0.20 -0.28 0.01 -0.07 -0.16 -0.26 

Industrial production index 0.19 0.17 0.13 0.06 0.18 0.18 0.16 0.08 0.28 0.30 0.24 0.11 0.19 0.18 0.14 0.07 

Interest, profit and dividends, debits, US$ 0.52 0.55 0.55 0.53 0.49 0.53 0.54 0.53 0.56 0.61 0.61 0.56 0.52 0.55 0.55 0.53 

Investment, private dwellings, real, LCU 0.61 0.56 0.50 0.43 0.56 0.52 0.47 0.40 0.60 0.56 0.49 0.39 0.60 0.55 0.49 0.42 

Investment, total fixed, nominal, share of GDP 0.54 0.51 0.47 0.42 0.53 0.51 0.48 0.43 0.56 0.56 0.52 0.45 0.54 0.52 0.47 0.43 

Investment, total fixed, PPP exchange rate, real, US$ 0.52 0.48 0.42 0.34 0.50 0.46 0.40 0.32 0.56 0.53 0.45 0.34 0.52 0.48 0.42 0.34 
Loans from Foreign Controlled & Located Banks 
{Maturity less than 1year}, at end-period 0.58 0.55 0.50 0.44 0.56 0.51 0.44 0.35 0.60 0.51 0.40 0.30 0.58 0.54 0.49 0.42 

Oil price real, index 0.21 0.27 0.30 0.30 0.24 0.33 0.36 0.35 0.35 0.43 0.42 0.35 0.22 0.29 0.32 0.31 

Reserves, foreign exchange, US$ 0.52 0.56 0.61 0.66 0.51 0.55 0.60 0.67 0.44 0.47 0.56 0.66 0.51 0.55 0.61 0.66 

Reserves, months of import cover -0.15 -0.16 -0.13 -0.08 -0.16 -0.19 -0.17 -0.11 -0.30 -0.32 -0.25 -0.12 -0.16 -0.17 -0.15 -0.09 

Unemployment rate -0.60 -0.54 -0.48 -0.42 -0.57 -0.50 -0.43 -0.37 -0.59 -0.52 -0.46 -0.40 -0.60 -0.54 -0.47 -0.41 

Visible trade balance, US$ -0.11 -0.11 -0.11 -0.11 -0.13 -0.12 -0.11 -0.11 -0.11 -0.11 -0.11 -0.12 -0.11 -0.11 -0.11 -0.11 

World coal price 0.36 0.43 0.48 0.46 0.37 0.48 0.55 0.53 0.43 0.56 0.60 0.53 0.36 0.45 0.50 0.48 

World gas price 0.07 0.13 0.18 0.20 0.03 0.13 0.21 0.25 0.09 0.22 0.30 0.29 0.07 0.13 0.19 0.21 

World metals price, aggregate 0.48 0.47 0.45 0.40 0.52 0.52 0.48 0.41 0.61 0.59 0.52 0.40 0.49 0.49 0.46 0.40 

autocorrelation 0.95 0.98 0.99 1.00 0.93 0.96 0.99 1.00 0.89 0.94 0.98 1.00 0.95 0.97 0.99 1.00 
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Table A-0-5 Correlation matrix Norway (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 
Earthmoving equipment Material handling equipment Road machinery Total 
t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 

Average household personal disposable income 0.18 0.14 0.11 0.06 -0.01 -0.08 -0.10 -0.03 0.13 0.04 -0.03 0.03 0.09 0.03 0.00 0.02 
Average household personal disposable income -0.32 -0.27 -0.27 -0.31 -0.18 -0.15 -0.13 -0.14 -0.09 -0.06 -0.06 -0.14 -0.25 -0.21 -0.20 -0.23 
Consumer price index -0.28 -0.11 0.09 0.27 -0.42 -0.17 0.05 0.20 -0.14 0.07 0.25 0.31 -0.35 -0.13 0.08 0.25 
Consumer spending by product / service - Total 
consumer spending -0.30 -0.25 -0.25 -0.27 -0.11 -0.08 -0.08 -0.11 -0.09 -0.08 -0.09 -0.19 -0.20 -0.17 -0.16 -0.20 
Current account of balance of payments, US$ -0.21 -0.20 -0.23 -0.17 0.00 0.01 -0.04 -0.10 0.07 0.12 0.02 -0.10 -0.10 -0.09 -0.13 -0.14 
External debt, private, US$ -0.28 -0.21 -0.17 -0.15 -0.03 0.06 0.09 0.07 0.03 0.13 0.11 -0.01 -0.15 -0.06 -0.03 -0.04 
GDP per capita, nominal, US$ -0.19 -0.15 -0.13 -0.16 0.04 0.08 0.05 -0.05 0.06 0.12 0.03 -0.15 -0.07 -0.02 -0.04 -0.11 
GDP per capita, PPP exchange rate, real, US$ 0.57 0.55 0.44 0.37 0.70 0.65 0.51 0.41 0.52 0.47 0.27 0.10 0.65 0.61 0.48 0.39 
Imports, services, nominal, share of GDP 0.37 0.35 0.27 0.07 0.17 0.13 0.12 0.08 0.27 0.17 0.11 0.00 0.28 0.24 0.20 0.07 
Industrial production index 0.32 0.38 0.37 0.40 0.36 0.39 0.36 0.38 0.32 0.45 0.45 0.44 0.35 0.41 0.39 0.41 
Investment, total fixed investment, real, LCU 0.30 0.28 0.27 0.22 0.55 0.54 0.49 0.39 0.13 0.09 0.04 -0.04 0.42 0.41 0.37 0.29 
Investment, total fixed, PPP exchange rate, real, US$ 0.30 0.28 0.27 0.22 0.55 0.54 0.49 0.39 0.13 0.09 0.04 -0.04 0.42 0.41 0.37 0.29 
Loan liabilities of non-financial corporations, LCU -0.36 -0.25 -0.13 -0.01 -0.19 -0.04 0.10 0.21 -0.13 -0.01 0.14 0.22 -0.28 -0.15 -0.01 0.12 
Oil price -0.31 -0.24 -0.18 -0.16 -0.12 -0.04 -0.02 -0.06 -0.03 0.11 0.09 -0.03 -0.21 -0.13 -0.09 -0.11 
Oil price real, index -0.27 -0.25 -0.23 -0.23 -0.06 -0.03 -0.08 -0.17 -0.03 0.04 -0.04 -0.20 -0.16 -0.14 -0.15 -0.21 
Oil production 0.37 0.41 0.48 0.49 0.15 0.20 0.29 0.37 0.39 0.43 0.43 0.43 0.28 0.33 0.40 0.45 
Total household personal disposable income -0.32 -0.28 -0.28 -0.32 -0.19 -0.16 -0.14 -0.15 -0.09 -0.07 -0.06 -0.14 -0.25 -0.22 -0.21 -0.24 
Unemployment rate -0.13 -0.11 -0.07 -0.02 -0.33 -0.31 -0.25 -0.18 -0.23 -0.17 -0.06 0.09 -0.24 -0.21 -0.16 -0.09 
World aluminum price, constant exchange rates, US$ 0.02 0.00 -0.02 -0.03 0.11 0.07 0.01 -0.09 0.16 0.12 0.04 -0.12 0.07 0.04 0.00 -0.07 
World coal price -0.23 -0.12 -0.01 0.09 -0.08 0.05 0.12 0.13 0.20 0.37 0.40 0.31 -0.13 -0.01 0.08 0.13 
World gas price -0.07 -0.02 0.04 0.09 0.07 0.14 0.20 0.22 -0.01 0.09 0.14 0.10 0.00 0.06 0.12 0.16 
World gold price, constant exchange rates, US$ -0.56 -0.53 -0.46 -0.44 -0.30 -0.29 -0.33 -0.42 -0.17 -0.07 -0.04 -0.11 -0.43 -0.40 -0.39 -0.43 
World iron price, constant exchange rates, US$ -0.77 -0.72 -0.66 -0.55 -0.71 -0.63 -0.55 -0.48 -0.40 -0.40 -0.35 -0.33 -0.75 -0.68 -0.61 -0.53 
World metals price, aggregate -0.19 -0.25 -0.30 -0.32 -0.09 -0.15 -0.24 -0.33 -0.01 -0.14 -0.28 -0.44 -0.13 -0.20 -0.28 -0.35 
World nickel price, constant exchange rates, US$ 0.07 -0.04 -0.14 -0.22 0.07 -0.03 -0.13 -0.22 0.13 -0.06 -0.22 -0.41 0.08 -0.04 -0.14 -0.24 
World tin price, constant exchange rates, US$ -0.16 -0.11 -0.09 -0.12 -0.06 -0.03 -0.02 -0.05 0.17 0.15 0.05 -0.08 -0.10 -0.06 -0.05 -0.09 
World zinc price, constant exchange rates, US$ 0.09 -0.02 -0.09 -0.10 0.14 0.02 -0.09 -0.19 0.02 -0.17 -0.33 -0.44 0.12 -0.01 -0.11 -0.17 
autocorrelation 0.80 0.90 0.97 1.00 0.68 0.83 0.95 1.00 0.38 0.66 0.89 1.00 0.76 0.88 0.89 1.00 
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Table A-0-6 Correlation matrix Russia (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 

Earthmoving equipment Material handling equipment Road machinery Total 

t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 

Average household personal disposable income -0.05 -0.07 -0.08 -0.05 0.03 -0.01 -0.03 0.00 -0.10 -0.12 -0.10 -0.02 -0.01 -0.05 -0.06 -0.02 

Average household personal disposable income 0.42 0.34 0.22 0.06 0.47 0.40 0.29 0.13 0.35 0.29 0.18 0.00 0.44 0.37 0.25 0.09 

Consumer price index -0.67 -0.54 -0.39 -0.24 -0.65 -0.51 -0.33 -0.14 -0.60 -0.51 -0.41 -0.26 -0.66 -0.53 -0.37 -0.20 
Consumer spending by product / service - Total consumer 
spending 0.46 0.41 0.30 0.14 0.51 0.47 0.38 0.22 0.41 0.37 0.27 0.08 0.49 0.44 0.34 0.17 

Current account of balance of payments, US$ -0.07 0.02 0.06 0.06 -0.04 0.07 0.11 0.07 -0.05 0.04 0.03 -0.03 -0.05 0.05 0.08 0.06 

External debt, private, US$ 0.39 0.35 0.26 0.11 0.52 0.48 0.38 0.23 0.38 0.33 0.23 0.08 0.45 0.41 0.31 0.16 

GDP per capita, nominal, US$ 0.51 0.46 0.33 0.12 0.56 0.53 0.40 0.18 0.48 0.43 0.28 0.05 0.53 0.49 0.36 0.14 

GDP per capita, PPP exchange rate, real, US$ 0.49 0.44 0.32 0.14 0.60 0.56 0.44 0.23 0.48 0.43 0.29 0.08 0.55 0.50 0.38 0.18 

Industrial production index 0.48 0.37 0.19 -0.03 0.56 0.44 0.26 0.01 0.45 0.33 0.14 -0.10 0.52 0.40 0.22 -0.02 

Investment, total fixed investment, real, LCU 0.50 0.46 0.34 0.18 0.60 0.57 0.45 0.27 0.49 0.44 0.29 0.11 0.55 0.51 0.39 0.22 

Investment, total fixed, PPP exchange rate, real, US$ 0.50 0.46 0.34 0.18 0.60 0.57 0.45 0.27 0.49 0.44 0.29 0.11 0.55 0.51 0.39 0.22 

Loan liabilities of non-financial corporations, LCU 0.06 0.14 0.18 0.18 0.22 0.30 0.35 0.35 0.09 0.15 0.18 0.17 0.14 0.22 0.26 0.26 

Oil price 0.34 0.36 0.29 0.13 0.39 0.43 0.37 0.20 0.33 0.35 0.26 0.06 0.36 0.40 0.33 0.15 

Oil price real, index 0.49 0.47 0.36 0.16 0.49 0.50 0.39 0.18 0.47 0.44 0.29 0.06 0.49 0.48 0.37 0.16 

Oil production 0.02 -0.20 -0.38 -0.51 0.07 -0.19 -0.42 -0.56 -0.06 -0.26 -0.41 -0.47 0.04 -0.20 -0.41 -0.54 

Total household personal disposable income 0.41 0.34 0.22 0.06 0.47 0.40 0.29 0.13 0.35 0.28 0.17 0.00 0.44 0.36 0.25 0.09 

Unemployment rate -0.71 -0.62 -0.47 -0.26 -0.75 -0.68 -0.52 -0.29 -0.66 -0.57 -0.42 -0.21 -0.73 -0.65 -0.49 -0.27 

World aluminum price, constant exchange rates, US$ 0.12 0.03 -0.10 -0.26 0.15 0.07 -0.05 -0.21 0.07 -0.01 -0.13 -0.29 0.13 0.05 -0.08 -0.24 

World coal price 0.21 0.24 0.18 0.00 0.24 0.31 0.27 0.09 0.22 0.24 0.13 -0.07 0.23 0.28 0.22 0.04 

World gas price 0.50 0.59 0.60 0.50 0.48 0.60 0.64 0.55 0.51 0.58 0.57 0.45 0.50 0.60 0.62 0.52 

World gold price, constant exchange rates, US$ 0.05 -0.07 -0.24 -0.41 0.06 -0.03 -0.18 -0.35 0.01 -0.11 -0.29 -0.48 0.05 -0.06 -0.22 -0.39 

World iron price, constant exchange rates, US$ 0.00 -0.05 -0.14 -0.27 -0.05 -0.09 -0.16 -0.27 -0.07 -0.12 -0.21 -0.34 -0.03 -0.08 -0.16 -0.28 

World metals price, aggregate 0.13 -0.02 -0.20 -0.40 0.17 0.02 -0.17 -0.39 0.05 -0.09 -0.27 -0.45 0.15 -0.01 -0.20 -0.40 

World nickel price, constant exchange rates, US$ 0.13 -0.02 -0.18 -0.32 0.20 0.05 -0.13 -0.30 0.01 -0.09 -0.21 -0.33 0.15 0.01 -0.16 -0.32 

World tin price, constant exchange rates, US$ 0.34 0.24 0.08 -0.13 0.38 0.30 0.15 -0.07 0.26 0.17 0.00 -0.20 0.36 0.26 0.10 -0.11 

World zinc price, constant exchange rates, US$ -0.06 -0.19 -0.33 -0.45 0.01 -0.15 -0.31 -0.46 -0.10 -0.22 -0.34 -0.43 -0.03 -0.18 -0.33 -0.46 

autocorrelation 0.66 0.84 0.96 1.00 0.59 0.81 0.95 1.00 0.61 0.80 0.94 1.00 0.63 0.83 0.94 1.00 
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Table A-0-7 Correlation matrix Saudi Arabia (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 
Earthmoving equipment Material handling equipment Road machinery Total 

t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 

Average household personal disposable income 0.20 0.20 0.20 0.14 0.33 0.34 0.31 0.26 0.25 0.31 0.39 0.36 0.31 0.32 0.31 0.25 

Average household personal disposable income -0.50 -0.59 -0.62 -0.65 -0.35 -0.43 -0.48 -0.53 0.60 0.52 0.47 0.36 -0.33 -0.42 -0.47 -0.52 

Consumer price index -0.57 -0.61 -0.66 -0.70 -0.61 -0.62 -0.65 -0.67 0.39 0.34 0.26 0.17 -0.53 -0.56 -0.61 -0.65 
Consumer spending by product / service - Total 
consumer spending -0.48 -0.57 -0.60 -0.63 -0.31 -0.40 -0.46 -0.52 0.61 0.53 0.47 0.36 -0.29 -0.39 -0.45 -0.51 

Current account of balance of payments, US$ -0.38 -0.40 -0.41 -0.37 -0.53 -0.55 -0.53 -0.49 -0.11 -0.12 -0.14 -0.08 -0.48 -0.49 -0.49 -0.44 

External debt, private, US$ -0.40 -0.47 -0.49 -0.46 -0.47 -0.53 -0.54 -0.53 0.04 -0.07 -0.15 -0.15 -0.43 -0.50 -0.53 -0.51 

GDP per capita, nominal, US$ -0.02 -0.10 -0.11 -0.11 -0.08 -0.15 -0.17 -0.20 -0.07 -0.21 -0.27 -0.26 -0.06 -0.15 -0.18 -0.19 

GDP per capita, PPP exchange rate, real, US$ -0.16 -0.22 -0.22 -0.18 -0.27 -0.32 -0.33 -0.32 -0.15 -0.31 -0.38 -0.38 -0.24 -0.31 -0.32 -0.30 

Industrial production index -0.44 -0.52 -0.54 -0.52 -0.40 -0.45 -0.45 -0.45 0.17 0.04 -0.06 -0.11 -0.39 -0.46 -0.48 -0.47 

Investment, total fixed investment, real, LCU -0.44 -0.52 -0.54 -0.52 -0.40 -0.45 -0.45 -0.45 0.17 0.04 -0.06 -0.11 -0.39 -0.46 -0.48 -0.47 

Investment, total fixed, PPP exchange rate, real, US$ -0.31 -0.44 -0.49 -0.52 -0.19 -0.27 -0.32 -0.37 0.46 0.33 0.25 0.18 -0.17 -0.29 -0.35 -0.40 

Loan liabilities of non-financial corporations, LCU -0.02 -0.09 -0.12 -0.14 0.03 0.00 -0.02 -0.05 0.16 -0.03 -0.15 -0.27 0.03 -0.04 -0.07 -0.12 

Oil price -0.46 -0.43 -0.39 -0.36 -0.44 -0.41 -0.41 -0.44 0.04 0.06 0.02 -0.08 -0.44 -0.40 -0.39 -0.41 

Oil price real, index 0.04 0.04 0.05 0.08 -0.02 -0.04 -0.05 -0.04 -0.16 -0.25 -0.35 -0.41 -0.01 -0.04 -0.05 -0.04 

Oil production -0.50 -0.59 -0.62 -0.65 -0.34 -0.42 -0.48 -0.54 0.61 0.52 0.47 0.36 -0.32 -0.41 -0.47 -0.52 

Total household personal disposable income 0.34 0.48 0.52 0.53 0.17 0.26 0.30 0.34 -0.49 -0.39 -0.35 -0.28 0.17 0.29 0.34 0.37 

Unemployment rate -0.26 -0.25 -0.18 -0.08 -0.30 -0.22 -0.15 -0.11 -0.35 -0.33 -0.32 -0.27 -0.32 -0.26 -0.19 -0.12 

World aluminum price, constant exchange rates, US$ -0.47 -0.47 -0.49 -0.48 -0.53 -0.49 -0.48 -0.47 -0.03 -0.03 -0.10 -0.27 -0.50 -0.48 -0.48 -0.49 

World coal price -0.21 -0.30 -0.37 -0.40 -0.18 -0.23 -0.27 -0.33 0.20 0.15 0.07 -0.06 -0.17 -0.24 -0.30 -0.36 

World gas price -0.59 -0.57 -0.55 -0.51 -0.69 -0.68 -0.70 -0.68 0.03 -0.02 -0.11 -0.17 -0.63 -0.63 -0.64 -0.62 

World gold price, constant exchange rates, US$ -0.49 -0.45 -0.43 -0.46 -0.64 -0.56 -0.53 -0.53 0.03 0.12 0.16 0.12 -0.56 -0.49 -0.46 -0.48 

World iron price, constant exchange rates, US$ -0.44 -0.37 -0.29 -0.22 -0.51 -0.39 -0.32 -0.29 -0.29 -0.24 -0.20 -0.18 -0.51 -0.40 -0.32 -0.28 

World metals price, aggregate -0.33 -0.23 -0.13 -0.04 -0.29 -0.17 -0.11 -0.10 -0.31 -0.26 -0.23 -0.22 -0.33 -0.22 -0.14 -0.10 

World nickel price, constant exchange rates, US$ -0.48 -0.48 -0.46 -0.43 -0.53 -0.50 -0.48 -0.46 -0.12 -0.19 -0.26 -0.30 -0.52 -0.50 -0.50 -0.47 

World tin price, constant exchange rates, US$ -0.05 0.10 0.22 0.29 -0.03 0.13 0.20 0.19 -0.42 -0.28 -0.23 -0.20 -0.09 0.08 0.17 0.20 

autocorrelation 0.63 0.81 0.94 1.00 0.72 0.85 0.95 1.00 0.24 0.60 0.87 1.00 0.63 0.81 0.87 1.00 
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Table A-0-8 Correlation matrix Turkey (Pearson correlation coefficients)  

Economic indicators, annualized QoQ 
growth rates /Time lag 

Annualized sales of construction equipment, units 
Earthmoving equipment Material handling equipment Road machinery Total 

t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t t-3 t-2 t-1 t 

Average household personal disposable income -0.03 -0.03 -0.01 0.04 -0.12 -0.02 0.09 0.18 -0.15 -0.04 0.02 0.04 -0.08 -0.02 0.04 0.11 
Average household personal disposable income 0.12 0.16 0.17 0.23 0.19 0.19 0.15 0.13 -0.17 -0.09 -0.03 0.10 0.12 0.15 0.15 0.18 
Consumer price index -0.05 -0.08 -0.08 0.01 -0.06 -0.07 -0.07 0.01 -0.24 -0.20 -0.10 0.07 -0.08 -0.09 -0.08 0.01 
Consumer spending by product / service - Total consumer 
spending 0.50 0.44 0.31 0.20 0.55 0.52 0.44 0.35 0.48 0.48 0.39 0.30 0.54 0.50 0.39 0.29 
Current account of balance of payments, US$ -0.07 0.11 0.26 0.35 0.03 0.25 0.42 0.52 -0.12 0.07 0.18 0.21 -0.03 0.17 0.34 0.43 
External debt, private, US$ 0.02 0.15 0.24 0.22 0.16 0.31 0.38 0.33 0.22 0.27 0.20 0.06 0.10 0.24 0.31 0.26 
GDP per capita, nominal, US$ 0.47 0.46 0.37 0.24 0.54 0.56 0.48 0.33 0.66 0.61 0.44 0.22 0.54 0.54 0.44 0.29 

GDP per capita, PPP exchange rate, real, US$ 0.70 0.70 0.63 0.50 0.75 0.78 0.73 0.62 0.66 0.68 0.60 0.50 0.75 0.76 0.70 0.57 

Industrial production index 0.54 0.54 0.49 0.37 0.62 0.64 0.58 0.45 0.70 0.72 0.60 0.41 0.62 0.63 0.56 0.43 

Investment, total fixed investment, real, LCU 0.54 0.54 0.49 0.37 0.62 0.64 0.58 0.45 0.70 0.72 0.60 0.41 0.62 0.63 0.56 0.43 

Investment, total fixed, PPP exchange rate, real, US$ -0.15 -0.11 -0.06 -0.03 0.05 0.13 0.18 0.17 0.13 0.13 0.07 -0.02 -0.03 0.02 0.06 0.06 

Loan liabilities of non-financial corporations, LCU -0.39 -0.41 -0.43 -0.43 -0.42 -0.48 -0.55 -0.58 -0.34 -0.51 -0.66 -0.69 -0.42 -0.47 -0.53 -0.55 

Oil price -0.53 -0.48 -0.36 -0.20 -0.60 -0.57 -0.47 -0.30 -0.72 -0.75 -0.68 -0.48 -0.60 -0.57 -0.46 -0.28 
Oil price real, index 0.01 0.03 0.04 -0.01 0.14 0.19 0.19 0.10 0.39 0.39 0.27 0.04 0.11 0.14 0.13 0.05 
Oil production 0.21 0.18 0.14 0.05 0.27 0.29 0.27 0.16 0.49 0.44 0.27 0.00 0.28 0.27 0.22 0.10 
Total household personal disposable income -0.30 -0.18 -0.03 0.12 -0.26 -0.09 0.07 0.18 0.05 0.15 0.18 0.13 -0.26 -0.11 0.04 0.15 
Unemployment rate -0.14 -0.04 0.08 0.20 -0.04 0.12 0.28 0.41 -0.07 0.07 0.13 0.15 -0.09 0.04 0.18 0.30 

World aluminum price, constant exchange rates, US$ -0.24 -0.27 -0.29 -0.34 -0.11 -0.14 -0.19 -0.28 0.25 0.21 0.10 -0.04 -0.14 -0.17 -0.22 -0.29 

World coal price -0.66 -0.65 -0.60 -0.51 -0.49 -0.47 -0.44 -0.43 -0.30 -0.33 -0.37 -0.40 -0.57 -0.56 -0.53 -0.49 
World gas price 0.08 0.03 -0.04 -0.14 0.23 0.21 0.13 -0.01 0.32 0.23 0.07 -0.13 0.18 0.13 0.05 -0.09 
World gold price, constant exchange rates, US$ 0.30 0.23 0.12 -0.02 0.38 0.34 0.25 0.10 0.37 0.24 0.05 -0.13 0.35 0.29 0.17 0.02 
World iron price, constant exchange rates, US$ -0.12 0.00 0.09 0.10 0.01 0.14 0.21 0.19 0.15 0.17 0.11 -0.01 -0.04 0.08 0.15 0.13 
World metals price, aggregate 0.35 0.40 0.40 0.33 0.40 0.50 0.54 0.49 0.48 0.53 0.48 0.31 0.40 0.48 0.49 0.41 
World nickel price, constant exchange rates, US$ 0.36 0.24 0.10 -0.04 0.46 0.35 0.22 0.05 0.38 0.23 0.05 -0.13 0.42 0.30 0.15 -0.01 

Autocorrelation 0.66 0.82 0.95 1.00 0.65 0.82 0.95 1.00 0.43 0.68 0.90 1.00 0.65 0.82 0.90 1.00 
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Figure B-1 Forecasting outcomes of ANN country models. 
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