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Definition of package tours for BOP compilers

The Directive EU 2015/2302 gives an official definition of package tours for the
consumer protection as a combination of at least two different types of travel
services for the purpose of the same trip (or holiday).

a) carriage of passengers;
b) accommodation;
c) rental of cars, other motor vehicles;
d) any other tourist service (not included in a, b, or c).

AN	OPERATIVE	DEFINITION	FOR	BOP	COMPILERS

The purchase of two or more services, of which at least one to be recorded under the Bop
travel item, when it is known the total value of the services, but not the value of the single
components.

In an international travel, at
least one element of a package
tour (b, c or d) is included in
BOP travel item
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Definition of package tours for BOP compilers

Regulation	2015/2302 BOP	ITEM

a) carriage of passengers No record in balance of payments

(if it is a domestic transaction)

a) carriage of passengers International Transport

(if it is an international

transaction)

b) accommodation Travel

c) rental of cars Travel

d) other tourist service Travel

Effect of a possible misallocation in the

unbundling procedure

Incorrect estimation of the travel item and of the

current account (GDP)

63	IPS	– Central	Bank	as	producer	of	official	statistics



63rd	ISI	WORLD	STATISTIC	CONGRESS	– 2021

The	Bank	of	Italy	frontier	survey

The Italian Survey on International Tourism was conducted from by the Bank of Italy since
1995. Two distinct operations are carried out at each border point:

International	airportsSeaports Road	crossings Rail	passages

1. COUNTING	(1.0	million	per	year): The counting aims at assessing the number and the nationality of 
the travellers, entering or exiting from Italy. As of October 2020, we are using also mobile phone data 
in the estimation process.

2. INTERVIEWING	(110,000	per	year): The interviewing (face-to-face) consists in questioning a 
sample of the travellers, after having approached and stopped them, in order to assess a number of 
basic classification characteristics of the traveller, the trip, the expenditures, and so on (answer are 
recorded in real time via tablet).
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The	Bank	of	Italy	frontier	survey

The Packages Tour in the survey
In the questionnaire is collected the total value of the package and the
services purchased: international transportation, accommodations,
restaurants, other transports, other services (museum, tours, shows,
rented vehicles) .

The	Practical	Issue
Allocating the total package value to the single
services components (in math terms, estimating the
percentage shares of each package component).

Transport Accommodation Other	services
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The	Bank	of	Italy	frontier	survey
The Packages Tour in the survey ‐ (share of the packages tour)

About 20 per cent of the travelers has bought a tour package in an international travel in 2018
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The	old	procedure:	the	donor	method

The package is broken down in the different components, using the proportion of the “twins”	
travelers, that have not purchased a package in their travelers.
The traveler and his twins should have the same	characteristics: country of residence, mean 
of transport, length of the stay, type of accommodation, and reason of the trip.

EXAMPLE
Suppose that an international traveller has purchased, for 1.200 Euro, a tour package with three 
components: an international air ticket, an hotel abroad, and a car rent (always abroad).  The 
proportion (mean) of the three twins is used to split the total amount in the single components.

International 
Transport Accommodation Car Rent Total

Twin 1 500 350 150 1,000
Twin 2 400 550 50 1,000
Twin 3 600 1,200 200 2,000

Mean (%) 0.4 0.5 0.1
Package 480 600 120 1,200
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The	old	procedure:	the	donor	method

The package is broken down in the different components, using the proportion of the “twins”	
travelers, that have not purchased a package in their travelers.
The traveler and his twins should have the same	characteristics: country of residence, mean 
of transport, length of the stay, type of accommodation, and reason of the trip.

A TRADE-OFF 
It is not always possible find an enough number of 
“twins” for realizing robust estimations, because of 
the high number of the constrains (characteristics).

Number	of	twins	vs	Similarity

63	IPS	– Central	Bank	as	producer	of	official	statistics



63rd	ISI	WORLD	STATISTIC	CONGRESS	– 2021

A	new	ML	approach

The basic idea is to find a predictive	model	relating the shares	of	expenditure	for	transportation,	
accommodation	and	other	services to the other variables collected in the survey, such as the 
travellers’ socio-demographic characteristics, the country of origin/destination, the type of 
transportation and accommodation, the number of nights, and so on.

Since	these	shares	are	unobservable	for	package	tours,	this	model	must	be	
estimated	using	the	travellers	who	have	not	purchased	a	tourist	package

The predictive models are estimated separately for the resident (Italian travellers) and non	resident	
(foreign travellers): in total 6 models. 

63	IPS	– Central	Bank	as	producer	of	official	statistics
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A	new	ML	approach

THE SAMPLE

Italian and Foreign travelers, that have bought at least two kind of services 
(international transport, accommodation, other services) without a package 
tour in the period 2010 – 2018.

More than 500.000 interviews.

The 80% of the sample is used for the training of the algorithm, and the 
remaining 20% for its validation.
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A	new	ML	approach

The share can be estimated considering many features (characteristic of the traveller)

Where TOT is the sum of the three services considered
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The share Q of expenditure (Exp) for international transports, accommodation and 
other services, for the traveller i at time t is given by 

J=1,2,3 (International transport, Accommodation, Other 
Services)

𝑇𝐷௧ is a set of time dummies;
𝐶𝑂,௧ is the country of origin (destination) of the foreign (Italian) traveller;
𝑆𝐷,௧ is a vector of socio-demographic characteristics (number of travellers, gender and age, the job of the interviewed, the reason of the journey);
𝑇𝐶,௧ are the transportation features (mode of transport: car, train, boat and plane, the transportation company, the class of the flight/boat);
𝐴𝐶,௧ indicates a vector of accommodation variables (number of nights distinguished by the type of accommodation)
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A	new	ML	approach

Since the right-hand side variables of the equation includes many variables, it is 
useful to employ a regularisation method to automatically select the relevant 
features. One of the most common methods used in the machine learning 
literature is the Least Absolute Shrinkage and Selection Operator (LASSO)
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The coefficients are put equal to zero if in the preliminary estimation (without the 
regularization) they are quite small.
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A	new	ML	approach:	main	results

Comparison	of	the	out‐of‐sample	predictive	performance	of	the	Donor	and	LASSO	methods	
The LASSO regression improves the results of the Donor Method (unbiased estimation, and 
smaller Variance and Mean Square Error).

Italian Travellers Foreign Travellers
Donor LASSO Diff(%) Donor LASSO Diff(%)

Transport
Bias 0.154 0.033 -79% 0.130 -0.066 -49%

Variance 246.739 173.666 -30% 293.427 209.334 -29%
MSE 246.757 173.663 -30% 293.439 209.335 -29%

Accommodation
Bias -0.143 -0.034 -76% -0.115 0.070 -39%

Variance 219.617 180.528 -18% 225.143 178.931 -21%
MSE 219.632 180.525 -18% 225.153 178.933 -21%

Other 
Expenditures

Bias -0.011 0.001 -91% -0.015 -0.004 -72%
Variance 196.096 175.134 -11% 224.595 196.066 -13%

MSE 196.092 175.130 -11% 224.592 196.063 -13%
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A	new	ML	approach:	main	results

The	absolute	value	is	significantly	below	using	the	LASSO	method	in	comparison	to	the	Donor	Method
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Abstract:  
In order to estimate the travel item of the Italian Balance of Payments (BoP), the Bank of Italy 
carries out an extensive border survey, collecting information about travel expenditures from 
a sample of resident and foreign travellers. The travel item covers an assortment of goods and 
services: in particular, according to the international standards, it includes local transport, i.e. 
transport within the economy being visited, but excludes international transport, reported in a 
separate BoP item. In the questionnaire of the survey a detailed breakdown of expenditures 
is asked, allowing the correct split between the travel and international passenger transport 
components. However, this breakdown is not available if these two items are purchased in a 
package tour with a single transaction. The unbundling of package tours is therefore needed 
for the correct compilation of the BoP. The present paper proposes a machine learning 
algorithm based on LASSO techniques to impute the components of package tours, improving 
the performance of the current procedure employed by the Bank of Italy. 
 
Keywords:  
Balance of payments; Travel; International transport; Linear regression; Donor method. 
 
1. Introduction1:  
The Bank of Italy carries out an extensive border survey on International Tourism, designed 
to elicit the travel expenditures of a sample of resident travellers coming back to Italy from a 
trip abroad and of foreign travellers leaving Italy after a visit in the country.2  The main purpose 
of the survey is the estimation of the travel item of the current account of the Italian Balance 
of Payments (BoP). Travel is a relevant component of Italian economy: in 2018, foreign 
travellers’ expenditures in Italy were 41.7 billion (2.4 per cent of Italian GDP), while Italian 
expenditures abroad amounted to 25.5 billion (1.5 per cent relative to GDP). 
Unlike most of the other service categories of the BoP, travel is a transactor-based component 
that covers an assortment of goods and services. On the one hand, as reported in the IMF 
Balance of Payments and International Investment Position Manual (2009), goods and 
services provided to visitors during their trips, that would otherwise be classified under another 
item (such as postal services, telecommunications, local transport, hire of equipment, or 
gambling), are included under travel. On the other hand, travel excludes goods for resale, 
which are included in general merchandise and the acquisition of valuables (such as 
jewellery), consumer durable goods (such as cars and electric goods) that are included in 
customs data when in excess of custom thresholds.  

                                                           
1  We thank Matteo Piazza, Alfonso Rosolia and Simonetta Zappa for helpful comments and 

suggestions. The views expressed in the paper are those of the authors and do not involve the 
responsibility of the Bank of Italy. 
2 For the sake of brevity, in the rest of the paper, we might refer to resident travellers using the adjective 
Italian and we might use the term foreign for non-resident ones. 

mailto:andrea.carboni@bancaditalia.it
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Moreover, according to international standards, travel includes local transport (i.e., transport 
within the economy being visited and provided by a resident of that economy), but excludes 
international transport, which is included in a specific BoP item. International passenger 
transport covers all services provided in international transports to non-residents by resident 
carriers, as a credit, and those provided to residents by non-resident carriers, as a debit. 
In the questionnaire of the survey a detailed breakdown is adopted, making a distinction 
between international and local transport, accommodation, meals, other services (museums, 
courses, concerts, etc.), and goods (shopping). However, this breakdown is not available for 
package tours, when two or more items of an international travel are purchased with a single 
transaction. In fact, with regard to this kind of trips, it is possible to know only the total value 
of the package and which services are included but the value of each service bought with the 
package is unknown. The unbundling of package tours, which account for more than 20% of 
the travel credits and debts in 2018, is therefore needed for the correct compilation of the BoP. 
Currently, the donor method is used to unbundle package tours: in fact, the package of a given 
traveller is broken down in its different components using the proportion of an average “twin” 
traveller, who has not purchased a package in his travel. In principle, the traveller and his twin 
should have the same characteristics: country of residence, mean of transport, length of the 
stay, type of accommodation and reason of the trip. However, it is difficult to find enough twins 
to have stable estimates according to all these features and, consequently, some constraints 
must be relaxed with the risk of introducing bias in the estimates.  
In order to overcome the limitations of the current procedure, it is necessary to model the 
relationship between the most important components of a package tour (transportation, 
accommodation, and other included services) and the characteristics of travellers and those 
of their trip. Moreover, it is worth to select the relevant features to be included in the model as 
explanatory variables in an efficient way. 
This paper proposes a Machine Learning (ML) approach to solve these two issues. Firstly, a 
linear relationship is supposed between the shares of expenditure in the three major 
components of a package tour and a huge set of explanatory variables derived from the border 
survey. Then, the relevant features are selected using a popular regularisation method in the 
ML literature, i.e. the Least Absolute Shrinkage and Selection Operator (LASSO) proposed by 
Tibshirani (1996).  
A number of authors have studied the ability of the LASSO and related procedures to select 
the relevant features and recover the correct model. Examples of this kind of literature include 
Knight and Fu (2000), Friedman et al. (2001), Donoho (2006), Meinshausen and Bühlmann 
(2006), Zhao and Yu (2006), Bunea et al. (2007), Meinshausen (2007) and, more recently, 
Lee et al. (2016), Plan and Vershynin (2016), Dalalyan et al. (2017). 
Our proposed algorithm is trained using the interviews of the travellers without a package tour: 
in fact, for these travellers we know both their characteristics (and the features of their travel) 
and the expenditures in the different items. Then, the algorithm is applied to travellers with a 
package tour in order to impute the value of the unknown components. The comparison of the 
LASSO and donor method shows that the LASSO approach clearly outperforms the latter 
method in terms of prediction accuracy. In fact, the LASSO exhibits a lower variance of the 
forecast error term and eliminates completely the systematic bias that affects the current 
procedure.  
Moreover, the strength of the approach described in this paper is also in its ability to 
incorporate the potential effects of exogenous variables that may alter the expenditure 
behaviours of international travellers. This flexibility will allow to take into account the impacts 
of the recent COVID-19 pandemic in the unbundling procedure applied to the next waves of 
the tourism survey. 
   
2. Methodology:  
According to the descriptive evidence of the Bank of Italy’s border survey, the main issue 
related to the unbundling of package tours is the estimation of the value of three components: 
the carriage of international transport, the expenditures for accommodation, and the residual 
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component.3 A bias in the estimation of the first component has also an effect in the correct 

allocation of the monetary flows between two BoP components, i.e. travel and international 
transport: from the compiler perspective, the priority in unbundling package tours is therefore 
the correct estimation of the international carriage of passengers. According to the results of 
the border survey, the second important aspect is the correct estimation of accommodation in 
package tours, as almost all packages contain this component. 
The current procedure adopted in the Bank of Italy is the donor method (or nearest neighbour 
approach). The value of the package of a traveller is split in its components using the shares 
of “similar” travellers, the so-called twins, who have purchased the same services without 
buying a package (for details see Introduction). 
In order to overcome the limitations of the donor method, a ML algorithm is proposed which 
should be able to improve the results of the unbundling procedure by exploiting in a more 
effective way all the information contained in the international tourism survey. In fact, on one 
side, a parametric structure is imposed to the relationship between the shares of expenditure 
in the different package components and the characteristics of travellers and their trips; on the 
other, the most useful features for the estimation of these shares are automatically selected 
using regularisation techniques. 
The basic idea is to find a predictive model relating the shares of expenditure for international 
transport, accommodation and remaining services to the other variables collected in the 
survey, such as the travellers’ socio-demographic characteristics, the country of 
origin/destination, the type of transportation and accommodation, the number of nights, and 
so on. Since these shares of expenditure are unobservable for package tours, this model must 
be estimated using the travellers who have not purchased a package tour: in fact, for this kind 
of travellers we can observe both the target variables (international transport, accommodation 
and other services) and the input variables (i.e., the characteristics of the travel and of the 
travellers). Then, the model can be applied to the travellers with a package tour in order to 
infer from their features the value of the different components of the package.        
More precisely, it is possible to estimate the following relationship in which the share of 
expenditure of traveller i in item j (international transport, accommodation, other services) is 
explained by a set of features:4  

 

(1)  𝑄𝑖,𝑡
𝑗

= 𝛽0
𝑗

+ 𝛽𝑇𝐷
𝑗
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𝑗

𝐶𝑂𝑖,𝑡 + 𝛽𝑆𝐷
𝑗

𝑆𝐷𝑖,𝑡 + 𝛽𝑇𝐶
𝑗

𝑇𝐶𝑖,𝑡 + 𝛽𝐴𝐶
𝑗

𝐴𝐶𝑖,𝑡 + 𝜀𝑖,𝑡
𝑗

 

 
where 𝑇𝐷𝑡 are time dummies; 𝐶𝑂𝑖,𝑡 is the country of origin (destination) of the foreign (Italian) 

traveller; 𝑆𝐷𝑖,𝑡  is a vector of socio-demographic characteristics, such as the number of 

travellers, distinguished by sex and age, the job of the interviewed, the reason of the journey 
(work, pleasure, other);  𝑇𝐶𝑖,𝑡 are the transportation features, like the mode of transport (car, 

train, boat and plane), the transportation company, the class of the flight/boat; finally, 𝐴𝐶𝑖,𝑡 

indicates a vector of accommodation variables, such as the number of nights distinguished by 
type of accommodation. Equation (1) can be estimated separately for Italian and foreign 
travellers without a package tour.  
Then, the model can be applied to travellers that have bought a package tour in order to impute 
the unknown expenditure shares from their characteristics. In fact, for this latter kind of 
travellers, we know the input variables and the total value of the package, but we ignore the 

expenditures for the different items. The imputed expenditure shares �̂�𝑖,𝑡
𝑗

 are calculated as the 

predicted values of equation (1), rescaled in order to guarantee that ∑ �̂�𝑖,𝑡
𝑗3

𝑗=1 = 1 (ruling out 

the few cases of negative predicted values).  

                                                           
3 In the rest of the analysis, we decide to aggregate in this residual component the other services 
different from international transport and accommodation (i.e., food-serving services, local transport, 
other services not included elsewhere). 
4 We have also tested a model in which the logit of the expenditure shares are regressed on the 
explanatory variables. However, this specification exhibits worse forecasting performance than the 
linear model presented in this section. 
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The underlying assumption of the procedure is that there are no systematic differences in the 
expenditure shares between travellers with a package tour and travellers without a package, 
once controlling for the observed characteristics included in equation (1).  Unfortunately, this 
hypothesis cannot be tested directly with the available data. However, it is important to stress 
that this assumption does not impose the equality between the total value of a package and 
the sum of the values of the different components if purchased separately: in fact, these two 
values are likely to be different due to agency costs or discount strategies. The assumption is 
violated only if the expenditure shares in the different items are different between package 
and standard tours, which is a far less restrictive hypothesis. 
For the training and validation of the proposed algorithm, the Bank of Italy’s data of the 
International Tourism Survey are employed. In particular, it is worth to consider the interviews 
of the Italian and foreign travellers without a package tour that have sustained all the three 
types of expenditures (international transport, accommodation and the residual component) 
during their journey. The interviews carried out in the 2011-2018 period are used ending up 
with a repeated cross-section database: the total number of observations are 216,974 for 
Italian and 294,636 for foreign travellers. The 80% of the sample is used for the training of the 
algorithm, i.e. for the estimation of the model (hyper-)parameters, and the remaining 20% for 
its validation, comparing the observed expenditures with the ones predicted by the model. 
Since the right-hand side of equation (1) includes many variables, especially dummies (e.g., 
one dummy variable for each month and year of the interview, country of origin/destination, 
transportation company, etc.), it is useful to employ a regularisation method to automatically 
select the relevant features. One of the most common methods used in the ML literature is the 
Least Absolute Shrinkage and Selection Operator (LASSO). This approach adds the sum of 
the absolute values of the model coefficients to the sum of squared residuals to be minimised, 
forcing the coefficients of the irrelevant variables to zero. In formula, the coefficients are 
estimated in this way: 
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For larger values of 𝜆 more coefficients are forced to zero: the choice of the value for this 

hyper-parameter becomes therefore crucial. Following the literature, 𝜆 is chosen by minimising 
the out-of-sample Mean Squared Error (MSE) in a cross-validation exercise in which the 
training sample is divided in five subsets. With the data considered, the optimal 𝜆 is very small: 
this implies that many variables are relevant.  
 
3. Result:  
It is worth to compare the predictive performance of the proposed approach with the current 
donor method in order to understand if and how the new methodology can improve the 
unbundling of package tours.  
Both methods are trained using the 80% of the sample and the remaining 20% is employed to 
compare the accuracy of predictions measured in terms of forecast bias, variance of the 
prediction errors and, combining these two dimensions, with the MSE. In particular, the out-
of-sample forecast errors with method m (donor or LASSO) are defined as: 
 

(3)  𝑒𝑖,𝑡
𝑗,𝑚

= (𝐸𝑥𝑝𝑖,𝑡
𝑗

− 𝑇𝑂𝑇𝑖,𝑡�̂�𝑖,𝑡
𝑗,𝑚

) ∙ 𝑤𝑖,𝑡 

 
where 𝑤𝑖,𝑡 are the survey grossing-up factors. The bias, standard deviation (STD) and the 

Root Mean Squared Error (RMSE) of the forecasts are calculated using the error terms in 
expression (3). Table 1 shows the results of this comparison, distinguishing between Italian 
and foreign travellers, as well as different package components. The analysis is conducted on 
the overall time period, i.e., the years from 2011 to 2018, and by focusing on the more recent 
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four-year period 2015-2018, when there has been a significant growth of package tours, 
especially among foreign travellers. 

 
Table 1: Comparison of the out-of-sample forecasting performance of the LASSO and donor methods 

  
Italian Travellers Foreign Travellers 

  Donor LASSO Diff (%) Donor LASSO Diff (%) 

    Overall validation set (2011-2018) 

International Transport             

 Bias -20,468 -12,490 -39% -11,261 -5,452 -52% 

 STD 262,110 203,690 -22% 270,976 222,304 -18% 

 RMSE 262,905 204,070 -22% 271,207 222,369 -18% 

Accommodation        

 Bias 14,921 6,389 -57% 9,189 2,248 -76% 

 STD 233,524 207,552 -11% 230,049 210,824 -8% 

 RMSE 233,998 207,648 -11% 230,231 210,835 -8% 

Other Expenditures        

 Bias 5,547 6,100 10% 2,072 3,204 55% 

 STD 192,472 177,094 -8% 236,475 228,858 -3% 

 RMSE 192,550 177,197 -8% 236,482 228,879 -3% 

    Sub-sample (2015-2018)  

International Transport            

 Bias -18,591  -13,978  -25% -15,031  -6,640  -56% 

 STD 290,378  221,787  -24% 323,495  263,541  -19% 

 RMSE 290,966  222,222  -24% 323,838  263,619  -19% 

Accommodation            

 Bias 13,513  5,198  -62% 12,841  3,832  -70% 

 STD 261,990  226,663  -13% 279,434  272,820  -2% 

 RMSE 262,332  226,717  -14% 279,724  272,842  -2% 

Other Expenditures            

 Bias 5,078  8,780  73% 2,190  2,808  28% 

 STD 219,074  206,611  -6% 276,205  272,130  -1% 

  RMSE 219,127  206,792  -6% 276,209  272,139  -1% 

Notes: Bias, STD and RMSE are in euro. 

It is possible to observe that the proposed approach clearly outperforms the donor method in 
the forecast of the most relevant components of package tours, i.e., international transport 
and accommodation. In fact, the LASSO method exhibits systematically lower values of bias 
and standard deviation, both for Italian and foreign travellers: considering the RMSE, the 
reduction in percentage terms is around 20 per cent for international transport and 10 per cent 
for accommodation. Looking at the residual component, the new method shows an increase 
of the bias with respect the donor approach; however, this increase is more than compensated 
by the reduction of the forecast error variability: in fact, the RMSE of the LASSO approach is 
still lower than the one obtained with the donor method. 
The reduction of the bias for the international transport and accommodation components 
means that the model imposed to the data by the LASSO approach seems quite reasonable. 
Moreover, the variability of the imputation errors is lower in the case of LASSO given that in 
this method we need to estimate a vector of parameters, while the donor approach is fully non-
parametric. These considerations explain the reason why our proposed approach outperforms 
the existing one. 
The comparison of the forecasts for the 2015-2018 period proves the robustness of the 
analysis: in fact, the improvements gained with the new algorithm, in terms of bias and 
variance reduction, are confirmed. It also suggests that the new approach will probably be 
capable to learn quickly possible changes in the structure of travellers’ expenditures, which 
might have happened after the COVID-19 pandemic. On the contrary, the donor method, using 
only partially the information in the interviews, might require a longer time and many waves to 
identify enough twins to produce unbiased estimates after the pandemic outbreak. 
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4. Discussion and Conclusion: 
In this paper, a ML approach is proposed with the aim of overcoming the limitations of the 
current donor method. The new approach improves the existing one in two directions: firstly, 
it models explicitly the relationship between the different components of a package and the 
characteristics of travellers and their trips in a parametric framework; secondly, it adopts a 
regularisation method, i.e. the LASSO, to automatically select the relevant features for the 
estimation of the package components.  
The comparison of the out-of-sample forecasting performance of the two methods reveals that 
the ML algorithm generally outperforms the donor method in terms of more precise and, above 
all, less biased predictions. The robustness of the ML approach, tested with a more recent 
sub-sample, is a further advantage in the production of reliable estimations in the presence of 
behavioural changes in travellers’ expenditures, which might have occurred after the COVID-
19 pandemic. 
It is important to stress that in the analysis carried out in this paper we have made some minor 
simplifications, such as considering the interviews with strictly positive expenditure shares in 
all the three components, i.e., international transport, accommodation, and other 
expenditures. In the (few) cases in which a package does not include all the three items, but 
only two of them, the observed expenditure will be used for the service excluded from the 
package, while the model equations for the other two components will be employed to obtain 
the predicted shares in order to impute the unobserved expenditures. Moreover, the residual 
component called “other services” in this paper includes different services, like local transport, 
food-serving services, other services not included elsewhere, that will require ad-hoc models 
in the practical implementation of the proposed approach. 
Despite these minor considerations, the evidence produced in this work should be enough to 
convince BoP compilers on the usefulness of ML methods to improve the unbundling of 
package tours. 
 
References:  

1. Bunea, F., Tsybakov, A., and Wegkamp, M. (2007). Sparsity oracle inequalities for the 
Lasso. Electronic Journal of Statistics, 1, 169-194. 

2. Dalalyan, A. S., Hebiri, M., and Lederer, J. (2017). On the prediction performance of 
the lasso. Bernoulli, 23(1), 552-581. 

3. Donoho, D. L. (2006). For most large underdetermined systems of linear equations the 
minimal 𝓁1‐norm solution is also the sparsest solution. Communications on Pure and 
Applied Mathematics: A Journal Issued by the Courant Institute of Mathematical 
Sciences, 59(6), 797-829. 

4. Friedman, J., Hastie, T., and Tibshirani, R. (2001). The Elements of Statistical Learning 
(Vol. 1, pp. 337-387). New York: Springer Series in Statistics. 

5. IMF (2009), Balance of Payments and International Investment Position Manual, Sixth 
Edition (BPM6), Washington, D.C.: IMF 

6. Knight, K., and Fu, W. (2000). Asymptotics for lasso-type estimators. The Annals of 
Statistics, 28(5), 1356-1378. 

7. Lee, J. D., Sun, D. L., Sun, Y., and Taylor, J. E. (2016). Exact post-selection inference, 
with application to the lasso. The Annals of Statistics, 44(3), 907-927. 

8. Meinshausen, N. (2007). Relaxed lasso. Computational Statistics and Data Analysis, 
52(1), 374-393. 

9. Meinshausen, N., and Bühlmann, P. (2006). High-dimensional graphs and variable 
selection with the lasso. The Annals of Statistics, 34(3), 1436-1462. 

10. Plan, Y., and Vershynin, R. (2016). The generalized lasso with non-linear 
observations. IEEE Transactions on Information Theory, 62(3), 1528-1537. 

11. Tibshirani, R. (1996). Regression Shrinkage and Selection via the Lasso. Journal of 
the Royal Statistical Society. Series B (methodological), 58 (1), 267–88. 

12. Zhao, P., and Yu, B. (2006). On model selection consistency of Lasso. Journal of 
Machine Learning Research, 7(Nov), 2541-2563. 

 


	Cover IPS 174 IT (Carboni_Doria_Moro)
	Unbundling Package Tours:  a Machine Learning Application with the LASSO0F
	Andrea Carboni, Claudio Doria and Alessandro Moro,  Bank of Italy

	IPS 174_Presentation ECB (Carboni_Doria_Moro)
	IPS 174_Paper IT (Carboni_Doria_Moro)


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /SymbolMT
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


