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             Abstract. In the last year, the need for high-quality statistics for labour policy 

became increasingly significant. Requirements of European official statistics for short-

term indicators on labour market statistics created the opportunity to develop a 

national methodology for deriving monthly unemployment estimates directly from the 

Labour Force Survey (LFS) results. LFS is carried out by Romanian National Institute 

of Statistics on quarterly basis, according to the European regulations and 

methodology. The unemployment is measured in line with International Labour 

Organization criteria, ensuring full comparability at European level. In response to 

this requirement Romanian National Institute of Statistics has developed such a 

methodology that generates the forecast of monthly unemployment rate using data 

from the series of Labour Force Surveys. 

The journey for reaching the present model was a complex and difficult one. The main 

part of the study is aiming to present comprehensively the work performed for 

developing the actual method used for regularly producing the monthly unemployment 

estimates. The outputs of the method are presented in the second part of the paper 

showing the usefulness brought by the model. It also emphasizes the seasonality of the 

time series suggesting an improvement of the Holt method. Main unmet expectations of 

the methodology are closing the present paper. 
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1. Introduction 

A new approach to forecasting the trend and seasonality in time series data is 

presented. It is based on the Labour Force Survey results using the relationship 

between the historical and forecasted data. Concerning this approach, three forecasting 

data series were produced in order to smooth the values of data series and also to 
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exhibit fairly good accuracy. The preliminary results show that for the trend and 

seasonal data, the proposed methods produce better forecasts than the other methods 

tested. 

2. Literature Review 

A time series is a sequence of observations which are ordered chronologically. In the 

collection of data taken over time it is inherent to capture some forms of random 

variation. Special methods for reducing the random variation effects are used, of which 

"smoothing" techniques most widely. These methods, when properly applied, reflect 

more clearly the underlying trends. At the end of 50's, Holt and Winters proposed a 

method for smoothing and forecasting time series with locally linear trend (Winters, 

1960) nowadays referred usually as Holt method. They employed the exponentially 

weighted moving average approach to estimate the level and newly also the slope of 

the time series. Several smoothing techniques were also developed and described by 

Jelinek and Mercer (1980), Katz (1987), Bell, Cleary, and Witten (1990), Ney, Essen, 

and Kneser (1994), and Kneser and Ney (1995). 

The main methods of time series smoothing are presented in Box 1. 

 

Box 1. The main smoothing techniques 

 

The simplest smoothing technique is to take an average of past values. Unfortunately, 

this also completely obscures any trends, changes, or cycles within the data. More 

complicated averages eliminate some but not all of this obscuring and still tend to lag 

as forecasters, not responding to changes in trends until several observations after the 

trend has changed.  

Moving Averages: Moving averages rank among the most popular techniques for the 

pre-processing of time series. They are used to filter random "white noise" from the 

data, to make the time series smoother or even to emphasize certain informational 

components contained in the time series. In other words, the moving average technique 

only uses the most recent observations or a weighted average that values some 

observations more than others. Exponential smoothing represents an attempt to 

improve upon these defects. 

Exponential Smoothing: This is a very popular scheme to produce a smoothed Time 

Series. Whereas in Moving Averages the past observations are weighted equally, 

Exponential Smoothing assigns exponentially decreasing weights as the observation 

get older. In other words, recent observations are given relatively more weight in 

forecasting than the older observations.  

The benefit of simple exponential smoothing is that it allows for a trend in how the 

smoothed data is changing. It does poorly, however, at separating changes in the trend 

from the random variations inherent to the data. For that reason, double and triple 

exponential smoothing are also used, introducing additional constants and more 

complicated recursions in order to account for trend and cyclical change in the data. 
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Double exponential smoothing - also known as Holt's Linear Exponential 

Smoothing - is a refinement of the popular simple exponential smoothing model but 

adds another component which takes into account any trend in the data. Simple 

exponential smoothing models work best with data where there are no trend or 

seasonality components to the data. When the data exhibits either an increasing or 

decreasing trend over time, simple exponential smoothing forecasts tend to lag behind 

observations.  

 

Holt method has achieved a broad popularity among forecasters due to its simplicity 

and good performance. Several modifications of this original method have appeared in 

literature and are used in practice (T. Hanzak, 2008).  

3. Description of the econometric model to forecast the monthly unemployment 

The starting point of the monthly unemployment smoothing and forecast in the 

Romania’s case is the Holt method, using two different parameters and allowing to 

apply the forecasting for series with trend. In classical model, the standard Holt’s 

method is given by: 

)b)(1(
t

Y 11 ttt Yy  

11 1 tttt bYYb  

where: 

t
Y - is the smoothed level of the series, computed after ty  is observed; 

t
b - is the smoothed trend at the end of period t; 

tb
t

Yy t  

1

0
- are the smoothing parameters. 

Holt’s two parameters exponential smoothing method is an extension of simple 

exponential smoothing. It adds a growth factor (or trend factor) to the smoothing 

equation as a way of adjusting for the trend. 

The initialization process for Holt’s linear exponential smoothing requires two 

estimates: 

 One to get the second smoothed value for the level of the series; 

 The other to get the trend 2b . 

Start values used to initialize the model are the followings: 

22 yY   

122 yyb . 

Forecast m periods into the future are given by: 

ttmt mbYF
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where:  

m - represents the periods to be forecast into the future. 

Using an improved Holt method, it was produced the first estimator for the 

unemployment provided by Labour Force Survey, considered the reference data. 

The reference time series are obtained dividing the initial quarterly sample of LFS in 

three sub-samples, one for each month of the quarter and each monthly sub-sample is 

grossed-up separately, applying a reduced calibration scheme. 

The estimator is given by: 

)(1 22 tttt bYyY  

22 1 tttt bYYb  

where: 

t
Y - is the smoothed level of the series, computed after ty  is observed; 

t
b - is the smoothed trend at the end of period t; 

tb
t

Yy t  

1

0
- are the smoothing parameters. 

In this case, the initialization process for Holt’s linear exponential smoothing requires 

two estimates: 

 One to get the first smoothed value for the level of the series; 

 The other to get the trend 1b . 

Start values used to initialize the model are the followings: 

11 yY  and 0b1 .  

Also assuming: 22 yY . 

The first equation corrects the level of time series Yt with the last two trend values bt-2. 

The improvement of the classical method helps to determine the predicted values for 

the end of the quarter on the basis of the real values registered at begins of the quarter.  

Smoothing coefficients 1,0 are determined by minimizing a measure of 

forecast error such as MSE (Minimum Square Errors): 
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The forecast error is given by: 

111
ˆ
ttt YYe . 
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In order to asses the quality of the estimations of the proposed method, the results were 

compared with the benchmarked
1
 data series, given by equation: 

Q

b

Qt

hmb

t Ŷ/YŶY  

where: 
hmb

tY  - represents the benchmarked data series; 

b

QY  - represents the quarterly average of the reference data series (LFS quarterly values 

provided from the sample); 

QŶ  -  represents the quarterly average of the Holt’s estimation series. 

The prediction is given by: 
hmb

1t2tt
' Y1ŶY  

Forecast h periods into the future are given by: 
hmb

1ht2htht
' Y1ŶY  

where:  

h - are the periods to be forecast into the future. 

On the base of this algorithm, the forecast for the first next period (h=1) is calculated 

as following: 
hmb

t1t1t
' Y1ŶY . 

The results obtained consist in monthly series of final estimates in non-seasonal 

adjusted form. 

Beside the monthly series (number of unemployed persons and unemployment rate) 

adjusted for level and trend (non-seasonally adjusted series), seasonally adjusted (thus, 

removing the effect of seasonal variations) and trend (which represent the series from 

which, both, the seasonal and irregular effects, were removed) series are also 

calculated. 

Seasonal adjustment was performed using DEMETRA software (TRAMO/SEARTS 

method), which also estimates the calendar effect (Orthodox Easter, leap year and 

other national holidays) and identifies and corrects the outliers (occasional transitory or 

permanent changes in level). 

The estimation of unobserved components: trend-cycle, seasonal and irregular 

component was made with SEATS program based on ARIMA models. Seasonally 

adjusted series were obtained by removing the seasonal component from the original 

data. Trend was obtained by removing the irregular component from the seasonally 

adjusted series. 

                                                 
1
 Benchmarked data series are the original estimates obtained regularly (i.e. quarterly from the 

entire sample) from the Romanian LFS 
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4. Application of the model 

The model was applied on the labour market data provided by LFS for the period 

2004-2011. To gross-up the data for each month, the following variables are used for 

calibration: population by sex and four age groups (less than 15 years, 15-24, 25-64, 65 

and over), area of residence (urban/rural), regions (NUTS 2 level) and total number of 

individual households. 

Beside the monthly series (number of unemployed persons and unemployment rate) 

adjusted for level and trend (non-seasonally adjusted series), seasonally adjusted (thus, 

removing the effect of seasonal variations) and trend (which represent the series from 

which, both, the seasonal and irregular effects, were removed) series are also 

calculated. Thus, monthly series are built and disseminated in three forms: non-

seasonally adjusted, seasonally adjusted, and trend. An exemplification of these data 

series is shown in the figures 1a and 1b. 

Figure 1. a. Unemployment rate (15-74 years old) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. b. Unemployment rate (25-74 years old) 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Authors’ calculation based on LFS data, National Institute of Statistics, 2012. 
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Because of the small number of cases of observation, the reliability of estimates for the 

indicators corresponding to the category of young people (age group 15-24 years) is 

extremely low, the series obtained showing a high degree of volatility. Therefore, the 

monthly estimates for “youth” category are not disseminated. The first release of data 

was performed on 1
st
 of August 2011. 

Negative impact of recession on employment 

The unemployment rate is an important indicator with both social and economic 

dimensions. From an economic perspective, unemployment could show unused 

available labour. Increasing unemployment may be also reflected in loss of income for 

individuals and rising pressure on government spending on social benefits.  

The unemployment rate according to the International Labor Organization (ILO) 

definition is the most widely used labor market indicator because of its international 

comparability.  

ILO unemployed are the persons aged 15-74 years who simultaneously meet the 

following three conditions: (i) have no job, (ii) are available to start working in next 

two weeks, (iii) were actively seeking a job at any time during the last four weeks. ILO 

unemployment rate is the proportion of ILO unemployed in the total economically 

active population. 

The official statistics in Romania calculate and disseminate three unemployment rates: 

(i) registered unemployment – with monthly periodicity, at NUTS3 (county) level, 

defined according to national legislation, provided by administrative sources – 

National Agency for Employment and Labour Force; (ii) ILO unemployment 

(according to International Labour Office criteria) – with quarterly periodicity (and as 

annual average), at NUTS 2 (region) level, defined according to International Labour 

Office (ILO) criteria, provided by statistical sources – Labour Force Survey (LFS), 

National Institute of Statistics (INS); (iii) monthly ILO unemployment - with monthly 

periodicity, at NUTS 0 (country) level, defined according to ILO criteria, provided by 

statistical sources – LFS and estimation model. In order to provide input for short-term 

employment policy, the European Community Statistical Office (EUROSTAT) 

requested Member States to develop their own models to estimate the ILO 

unemployment by direct derivation of the results of quarterly Labour Force Survey 

(LFS), without using any other auxiliary variables obtained from other data sources. 

In the next section the monthly unemployment estimates are analyzed for period 

January 2004-January 2012, emphasising the impact of the economic crisis on the 

labour market. 

The Romanian economy knew a continuous positive GDP growth during 2000-2008, 

the unemployment significantly decreasing, when the labour market followed one of 

the economical principals: the unemployment tends to fall when growth is high. In that 

circumstance, the unemployment rate (calculated for 15-74 age group) decreased from 

9.6 percents in the first month of 2004 to 6.2 percents in August 2008, when the value 

was the lowest during the entire analysed period. The middle of the year 2008 is the 

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Social_benefits
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:International_Labour_Organization_%28ILO%29
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starting point of the global economic and financial crisis that affected also most of the 

countries across the world. Romania was no exception. As expected, mid of 2008 was 

an inflexion moment marking the installation of the unemployment increase. The 

unemployment started to grow especially until the first quarter of 2010 but not as much 

as in other European countries also affected by the crisis. Several reasons can explain 

the phenomenon. 

On one hand, Romania has a quite strong share of underground economy, and 

consequently a high share of employment in the informal economy. As studies (Vasile, 

Pisică, 2011)  shown one of the effects of the economic crisis was a shift of 

employment from formal into informal area, the share of persons engaged in informal 

sector growing in three years by 6 percentage points (from 23.2 percents in 2008 to 

29.2 percents in 2010. On the other hand, Romania is an emigration country. It is 

noticed that, a factor influencing the employment dimension in Romania is the 

international migration, especially in the group of working age population (15-64 

years), the phenomenon increasing since 2007 after joining the European Union. As 

the other Member States of EU declared to Eurostat
2
 the flows of Romanian citizens

3
 

arriving in those countries (and of course leaving Romania) grew from less than 200 

thousand persons in 2005-2006 to more than half million in 2007 and over 300 

thousand persons in 2008 (after that phenomenon slowing down quite significantly 

since, because of the financial crisis, the job opportunities became very limited in the 

old Member States). 

Monthly unemployment figures are based on results of the model presented in the 

section before (figures come from the seasonally adjusted series – SA, with 

unemployment rates calculated for both age groups 15-74 and 25-74 years old figure 

2.a and 2.b).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
2
 Eurostat – Statistical Office of the EU 

3
 Eurostat database, http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home  

http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home
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Figure 2a. Monthly unemployment rate (15-74 years) - % -   

Non-seasonally adjusted (NSA), Seasonally adjusted (SA) and Trend 
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Source: Authors’ calculation based on LFS data, National Institute of Statistics, 2012 

The unemployment rate has been rising since August 2008, reaching the highest value 

in March 2010 (8.3 percents – for 15-74 age group, respectively 6.3 percents – for 25-

74 age group). 

 

Figure 2.b. Monthly unemployment rate (25-74 years) - % -   

Non-seasonally adjusted (NSA), Seasonally adjusted (SA) and Trend 
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Source: Authors’ calculation based on LFS data, National Institute of Statistics, 2012 

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:Unemployment
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Most part of the unemployment belongs to the male population. The share of men in 

total unemployed persons varies from 56.7 percents in June 2005 to almost two thirds, 

i.e. 66.1 percents in January 2008. 

 

Figure 3a. Monthly unemployment rate by gender (15-74 years) - % -    

Seasonally adjusted (SA)  
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 Source:  Authors’ calculation based on LFS data, National Institute of Statistics, 2012. 

 

 

One particularity of the Romanian labour market is the sense of the unemployment 

disparities by gender. In most Member States of the European Union unemployment is 

deeper among women as compared to men. In Romania is the opposite: the 

unemployment rate for male exceeds the one for female. The gap between the two 

varies for those aged 15-74 from 0.5 percentage points (June 2005) to 2.8 percentage 

points (June 2004) and for the group 25-74 years old from 0.1 percentage points (June 

2005) to 2.6 percentage points (December 2006).  
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Figure 3b. Monthly unemployment rate by gender (25-74 years) - % -   

Seasonally adjusted (SA)  
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 Source: Authors’ calculation based on LFS data, National Institute of Statistics, 2012. 

 

For the last couple of years (starting with the last months of 2009) the gap between the 

two rates of unemployment has the tendency of decreasing while the share of male in 

the total number of unemployed persons is more steadily close to 60 percents (if before 

2010 the value of the share could vary within an interval of 10 percentage points, 

during last two years the interval decreased to 4 percentage points).. 

 

Conclusions 

Based on the one improved Holt’s model, the method described in this study is the 

most suitable model for forecasting monthly unemployment rate in Romania. Each 

model type has unique characteristic which fits to a particular data series. More 

forecasting techniques should be explored to ensure fitness to longer series of 

unemployment rate.  

There are several advantages that can be obtained when using double exponential 

smoothing technique:  

 exponential smoothing models could fit with computer system; in this 

case, a simple program such as Microsoft Excel can be used to generate new 

forecasts; 

 the models of exponential smoothing react more quickly to changes in 

data patterns than the moving average;  

The main problem could be encountered when using this method is the determination 

of the size of smoothing coefficients. The criterion is to choose α such that the MSE is 
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minimum. With the assistance of solver facility available in Microsoft Excel, the 

amount of work is saved when searching for the best parameter α value. 

Econometric models provide formulations and assumptions on variables subject to 

forecast, reflecting the orientation of the behaviour of the studied phenomenon. 

Limits due to the forecast model are the followings: 

 existence of the forecast errors, defined as the difference between estimates 

and real values of the raw series;  

 the model impose the minimization of these errors by the condition that mean 

of squares of forecast errors to be minimal;  

 deviations between forecasted values and values of the reference series 

(benchmark) due to their dependence on the trend of the previous period, and 

factors that can act unpredictably over economic environment. These deviations 

are larger in the case of youth aged 15-24 unemployment data series, the 

differences being exacerbated by the volatility of the series for this segment of the 

population. 
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