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Abstract 

Foreign trade data and indicators are important resources for many economic analysis. In particular, 
the Central Bank of the Republic of Türkiye uses these data for the calculation of balance of 
payments. Export data published by TurkStat are calculated according to free on board (FOB 
delivery terms) and the import data are calculated according to the cost of goods, insurance and 
freight (CIF delivery terms). In the balance of payments account calculated by the Central Bank, 
export and import is used by FOB delivery terms. Therefore, imports data should be calculated 
according to FOB delivery terms at the same time. For this purpose, freight and insurance values 
should be calculated and therefore insurance and freight rates should be determined. In this study, 
various analyzes were performed to determine the freight and insurance ratios. First, the variables 
thought to have an effect on freight and insurance rates were determined, and whether this effect 
was statistically significant was tested with ANOVA method. The data set was grouped taking into 
account the variables affecting freight and insurance rates and freight and insurance ratios were 
calculated for each group. Before the calculation, outliers were determined for each group. 
Adjusted Box-Plot and median z-score methods were used for detect outliers. After determining the 
outliers, freight and insurance ratios were estimated using an arithmetic mean. Imports, freight and 
insurance values were calculated by using these ratios and compared with the values calculated by 
Central Bank calculated. 

 Keywords: Outlier, foreign trade, outlier detection, outlier detection methods, FOB 

1. Introduction 

Foreign trade is defined as the goods and services trade activities of a country with other countries and 
has a dynamic structure that is constantly changing. Foreign trade, which plays a very important role 
in the economic life of countries and tries to adapt rapidly to changing technology, is also effective in 
the development and prosperity of the countries. Many countries aim to achieve economic growth and 
development via foreign trade activities. Therefore, before taking decisions about foreign trade 
policies, foreign trade structure should be determined and developments should be followed. The most 
important tools used for this purpose are foreign trade statistics and indicators. Foreign trade statistics 
are calculated and published by Turkish Statistical Institute (TurkStat) officially in Türkiye. The data 
source of foreign trade statistics is the customs declarations that received from the Ministry of Trade. 
Imports data and indicators are important resources for many economic analysis. In particular, the 
Central Bank of the Republic of Türkiye uses these data in the calculation of balance of payments. 
Exports and imports data published by TurkStat are calculated according to FOB and CIF delivery 
terms, respectively. In the balance of payments statistics calculated by the Central Bank, export and 
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import is taken into account by FOB delivery terms. Therefore, import data should be calculated 
according to FOB delivery terms at the same time.  
While FOB delivery terms includes only cost, CIF includes cost, insurance and freight. Therefore, the 
freight and insurance costs should be deducted from the total value in order to calculate the data 
according to the FOB.  It is possible to convert the import figures calculated according to CIF delivery 
terms to FOB by considering the information in the records of customs declarations.  While there are 
insurance and freight values in some of the customs declarations, this information is missing in some 
others. Consequently, insurance ve freight estimations are required for these records. For this purpose, 
it is aimed to calculating freight and insurance rates with the most appropriate method.  
In this study, various analyzes were performed to determine the freight and insurance ratios. Firstly, 
variables that are thought to be effective on freight rates were determined and this effect was tested 
that it is statistically meaningful or not by ANOVA method.  After this analysis, the data set was 
grouped by considering the variables affecting the freight and insurance rates and these rates were 
calculated for each group. Before the calculation, outliers were detected for each group. Adjusted Box-
Plot method and Median Z-score methods were used to detect outliers. After detection of the outliers, 
uutliers removed from the data freight and insurance rates were estimated by using arithmetic mean.  
The TurkStat sends the import data produced according to the CIF to the Central Bank for the balance 
of payments statistics. The Central Bank, on the other hand, converts these data to FOB with the aim 
of including only the cost of goods for imports. The calculations made by the Central Bank and the 
results obtained from this study were compared. Moreover, in the national accounts system produced 
by TurkStat, imports are converted into FOB delivery terms. Thus, the comparison of exports and 
imports becomes more meaningful. In addition, this calculation provides consistency with the balance 
of payments statistics and national accounts. In order to make all these calculations in the most 
accurate way, import data should be converted to FOB delivery terms with the most appropriate 
method. Therefore, determination of the this method has great importance. 

2. Literature 

The costs associated with cross-border shipping and insurance of goods are  important determinants of 
the volume and geography of international trade. While certainly not the only barrier to trade, transport 
and insurance costs are not insignificant and can pose barriers similar in size and effect to import 
tariffs [2], which highlights how the costs associated with for example poor quality infrastructure 
(ports, roads), geographical distance to market, and oil prices, continue to shape global production 
networks and the integration of countries into global value chains [1]. Few (official) data are available 
on the size and trends in transport and insurance costs for international trade. In addition, these data 
are not in product, country, etc. details. At most, and still rarely, countries publish highly aggregated 
information in for example their supply-use tables or auxiliary tables for balance of payment statistics 
[1]. 
There are a lot of works on estimation of transport and insurance costs of international trade in 
literature. Several datasets on CIF-FOB margins by product and partner country have already been 
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produced, mostly with the aim of explaining the size, trends, and drivers of trade costs and the 
importance of trade facilitation. The most remarkable examples of this literature are [5], [4], [3], [6], 
and [8]. Overall, the literature can be divided into a group of papers that uses what is often referred to 
as explicit data on transport costs, published by statistical offices (e.g. the United States), and a group 
of papers that uses the differences between mirrored flows (imports CIF and exports FOB), generally 
drawing on UN Comtrade data, to implicitly derive transport costs. These two strands are discussed in 
more detail by [1]. 

3. Data and Methodology 

3.1 ANOVA  
Before calculation of freight and insurance rates, in the first step, the data set was grouped by the 
variables that affect freight rates. After determining the variables that are thought to affect freight rates, 
it was tested whether the effects of these variables are statistically significant. One –way ANOVA 
method was used for this purpose.  
Country groups, product groups and mode of transport variables are thought to have impact on freight 
and insurance. According to this, Türkiye's imports data were used to test the effects of these variables. 
Therefore, freight rates are defined as dependent variables, country groups, product groups and mode 
of transport variables are defined as independent variables. 
Country of origin for country group was used. Country groups have 9 levels as mentioned below; 
5114: European union 
5190: Other European (Except E.U) 
5210: North Africa  
5290: Other Africa  
5310: North America  
5320: Middle America and Caribbean 
5330: South America  
5410: Near and Middle East 
5510: Australia and New Zealand 
Standard Classification of Goods for Transport Statistics (NST2007) is used for product group. 
Products groups have 16 levels as mentioned below; 
01: Agricultural, hunting and forestry products; fish and other fishing products 
02: Hard coal and lignite; crude oil and natural gas 
03: Metal ores and other mineral and mining products; peat; uranium and thorium 
04: Food products, beverages and tobacco 
05: Textiles and textile products; leather and leather products 
06: Wood, cork, pulp, paper, paper products, printed matter and recorded media 
07: Coke and refined petroleum products 
08: Chemicals, chemical products, man-made fibers; rubber and plastic products; nuclear fuel 
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09: Other non-metallic mineral products 
10: Base metals,fabricated metal products (excluding machinery and equipment) 
11: Machinery and equipment not elsewhere classified; medical, precision and optical 
instruments,watches 
12: Transport equipments 
13: Furniture and other manufactured goods 
14: Secondary raw materials, municipal waste and other waste 
17: Transportation of household and office goods; passenger baggage and belongings, vehicles for 
repair, motor vehicles, other non-market goods not elsewhere classified 
19: Unidentified goods;goods that cannot be identified for any reason and therefore cannot be assigned 
to groups 01-16 
99: Personal belongings, provisions and other items not elsewhere specified 
Mode of transport has 6 levels as mentioned below; 
1:Seaway 
2: Railway 
3:Highway 
4:Airway 
5:Others  
In the first stage, the factors were handled one by one and their effects on the dependent variable were 
investigated. Accordingly, the following study was conducted for the effect of product groups on 
freight rates. The model between product groups and freight rates is as follows. 
Xij= 𝜇 + 𝛽j+εij 
J=1,...16 
i=1,..,nj 
Xij: Freight rates 
μ: General average 
βJ: j. the effect of the j.level of the product group 
Before applying the analysis of variance, the assumption that the distribution of the dependent variable 
is normal at each factor level should be checked. For this purpose, it was tested whether the freight 
rates are normally distributed for each level of the product group by using the SPSS program. The 
results are as follows: 
H0: Freight rates are normally distributed for each product group level. 
H1: Freight rates are not normally distributed for each product group level. 
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Table 3.1- Normality test 

 
 
Tests of Normality 

 NST20
07_2 

Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

FREIGHT 
RATES 

01 ,255 190 ,000 ,694 190 ,000 

02 ,158 53 ,002 ,922 53 ,002 

03 ,198 131 ,000 ,785 131 ,000 

04 ,200 184 ,000 ,726 184 ,000 

05 ,280 219 ,000 ,589 219 ,000 

06 ,159 189 ,000 ,834 189 ,000 

07 ,174 107 ,000 ,846 107 ,000 

08 ,212 230 ,000 ,651 230 ,000 

09 ,177 179 ,000 ,698 179 ,000 

10 ,213 213 ,000 ,651 213 ,000 

11 ,168 240 ,000 ,772 240 ,000 

12 ,211 221 ,000 ,636 221 ,000 

13 ,144 193 ,000 ,852 193 ,000 

14 ,223 114 ,000 ,658 114 ,000 

17 ,268 71 ,000 ,746 71 ,000 

19 ,186 77 ,000 ,741 77 ,000 

99 ,275 60 ,000 ,664 60 ,000 

a. Lilliefors Significance Correction      

      

      

      

Since the p value calculated for each product group level is < 0.05, the H0 hypothesis, which states that 
the freight rates have a normal distribution, is rejected. Therefore, non-parametric test method will be 
used to test the effect of product group levels on freight rates. Accordingly, the hypothesis are as 
follows; 
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H0: βj=0 
H1: 𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝛽𝑗′𝑠 𝑖𝑠 𝑛𝑜𝑡 𝑧𝑒𝑟𝑜. 

 
 
 
 
 
 
 
 
 
 
 

 
Since the p value calculated according to the test result is <0.05, the H0 hypothesis is rejected. 
Therefore, it is possible to say that the effect of product groups on freight rates is statistically 
significant. 
Similarly, the effects of country groups and mode of transport variables on freight rates were tested 
and it was concluded that these effects were statistically significant. The effects of product groups, 
country groups and mode of transport variables on insurance rates were tested and it found that these 
effects were statistically significant 
After the variables affecting the freight rates were determined, the data set to be used in the calculation 
was grouped by these variables. Before the calculation, outliers were determined for each group. 
Adjusted Box-Plot method and median z-score methods were used to detect outliers. Information on 
these methods is given below. 

3.2 Median z-score 

The mean and standard deviation estimators used in the z-score method are influenced by a single 
outlier as previously mentioned. In order to avoid this problem, median and median absolute deviation 
values are used instead of mean and standard deviation in the median z-score method. The median 
absolute devation value is calculated according to the following formula. 
MAD=median (|Xi − X�|), X�, sample median, Median z-scores are calculated as follows; 

Mi=0,6745(Xi−X)�

MAD
     large for a normal data set E (MAD) = 0,6745 

Iglewicz and Hoaglin (1913) stated that the observation values should be labeled as outliers in the case 
of | Mi | >3.5 As in the z-score method, Mi scores are effective for data sets from normal distribution 
[7]. 

 
Test Statisticsa,b 

 FREIGHT 
RATES 

Chi-Square 606,307 

df 15 

Asymp. Sig. ,000 

a. Kruskal Wallis Test 

b. Grouping Variable: 
NST2007_2 
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3.3 Adjusted Box-Plot Method 

Although Tukey's Box-Plot method is applicable to both symmetric data and skewed data, it causes a 
large number of observations to be determined as outliers in the data with high skewness. This is due 
to the use of the lower and upper quadrants and interquartile distances measured without considering 
the skewness of the data set. Vanderviere and Huber have defined a new rule taking into account the 
medcouple (MC), which is a robust skewness measure for skewed data [9]. The calculation of MC 
coefficient is described below; 
Let Xn = {X1, ..., Xn} be an independent data set from a continuous univariate distribution. Let the 
data set be sorted from small to large with X1≤...≤Xn. In this case the MC coefficient is calculated 
according to the following formula;  

MC(X1,...,Xn)=med 
�𝑋𝑗−𝑚𝑒𝑑𝑘�−(𝑚𝑒𝑑𝑘−𝑋𝑖)

𝑋𝑗−𝑋𝑖
  

medk= Median of the Xn data set  
Xi≤medk≤Xj ve Xi≠XJ   Ranges are calculated as follows; 
[L,U]=[Q1-1.5exp(-3,5MC)IQR,Q3+1,5exp(4MC)IQR]  MC≥0       
= [Q1-1,5exp(-4MC)IQR,Q3+1.5exp(3,5MC)IQR]         MC≤0  
L: Lower boundary 
U:Upper boundary 
Observation values outside the boundaries are determined as outliers. The MC value ranges from -1 to 
1. When the data is symmetrical, the MC value is 0. If MC> 0, the data is skewed to the right and MC 
<0, the data is skewed to the left. Vanderviere and Huber (2004) calculated the average percentages of 
outliers from the lower and upper limits for adjusted Box-Plot and original Box-Plot methods, taking 
into account the different numbers and distributions of observations. In the simulation study, it was 
concluded that the less observation value was found to be an outlier compared to the Tukey's Box-Plot 
method for a right skewed dataset. Compared to the Tukey method, in the case of a slightly right 
skewed distribution, the lower boundary moves to the right and more observation on the left side is 
determined as an outlier. This difference is due to the decrease in the lower limit and the increase in 
the upper limit. An example is given below: 
Example: 
Let take the data sets consisting of values of 3,2,3,4,3,7,3,7,3,8,3,9,4,4,4,1,4,2,4,7,4,8,14 ve 15 For this 
data set, Tukey's Box-Plot method and the adjusted Box-Plot method were applied and results are 
given in the figure as follows [7]. 
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Figure 1. Change of the intervals of two diffirent box-plot methods 

 
The first figure in Figure 1 represents the internal boundaries of the Tukey's Box-Plot method 
calculated for the data set in the sample, the second figure shows outer boundaries of Tukey's Box-Plot 
and the final figure shows the boundaries calculated using the adjusted Box-Plot method. According to 
the Tukey's Box-Plot method, the internal borders are calculated as [2.45; 5.85] and the external 
boundaries  are calculated as [1,18; 7,13]. When we look the inner and lower limits are calculated 
according to the Box-Plot method, we can see that only 14 and 15 values in the data set are detected as 
outliers. Boundaries are calculated according to the adjusted Box-Plot method as [3,41; 11,62]. 
Therefore, when the results of the adjusted Box-Plot method were examined, the lower boundary was 
moved to the right and 2 of the observation values to the left of the data set were detected as outliers. 
According to the results of the first method, no observation value to the left of the data set can be 
detected as an outlier, while the second method can also detect the observation values on the left side. 
This is because the second method takes into account a boundary calculation that is free of the effect 
of skewed the data set. Therefore, a healthier result is obtained than the first method. 

3.4 Common price valuations for international merchandise trade 

Before calculating freight and insurance rates, common price valuations for international merchandise 
trade are given below. 
Free on board (FOB): This term means that the seller’s obligation to deliver is fulfilled when the 
goods have passed over the ship’s rail at the named port of shipment. This means that the buyer has to 
bear all costs and risks of loss or of damage to the goods from that point. The FOB term requires the 
seller to clear the goods for exports. This term can only be used for sea or inland waterway transport 
[1]. 
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Cost, insurance and freight (CIF): The seller has the same obligations as under CFR, but with the 
addition that he/she has to procure marine insurance against the buyer’s risk of loss of or damage to 
the goods during the carriage. The seller contracts for insurance and pays the insurance premium. The 
buyer should note that, under the CIF term, the seller is required to obtain insurance only on minimum 
coverage. The CIF term requires the seller to clear the goods for export. This term can only be used for 
sea and inland waterway transport [1]. 
Free alongside ship (FAS): This term means that the seller’s obligation to deliver is fulfilled when 
the goods have been placed alongside the vessel on the quay or in lighters at the named port of 
shipment. The buyer must bear all costs and risks of loss or of damage to the goods from that moment. 
The FAS term requires the seller to clear the goods for exports. This term can only be used for sea or 
inland waterway transport  [1]. 
Cost and freight (CFR): This term means that the seller’s obligation to deliver is fulfilled when the 
goods have passed over the ship’s rail in the port of shipment. The seller must pay the costs and freight 
necessary to bring the goods to the named port of destination, but the risk of loss or of damage to the 
goods, as well as any additional costs due to events occurring after the time of delivery, are transferred 
from the seller to the buyer. The CFR term requires the seller to clear the goods for export. This term 
can only be used for sea and inland waterway transport [1]. 

3.5 Calculation of Freight and Insurance Rates 

The Ministry of Trade applies standard rates for records with missing freight and insurance values, 
regardless of product, country and mode of transportation. Freight and insurance values are calculated 
using standarts values. The aim of this study is to calculate the average freight and insurance rates by 
using the existing freight and insurance values taking into account the product, country and mode of 
transportation variables. Thus, it will be possible to calculate freight and insurance values for missing 
values by applying these average rates. While calculating freight and insurance rates in the first stage, 
2 years before the reference year were taken into account, and then the previous 3 years were taken 
into account. The rates were calculated as 2-year and 3-year rates, and import values in FOB were 
calculated for both rates. When calculating the 2-year rates, the foreign trade data were combined for 
the years 2014-2015, 2015-2016, 2016-2017 and 2017-2018. Then, for the calculating 3-years rates, 
the data were combined by bringing together the years 2013-2014-2015, 2014-2015-2016, 2015-2016-
2017, 2016-2017-2018 in 3-year rates. The following were applied for each data set; 
 The data set is grouped by considering the variables of product, country group and mode of 

transport. 
 Then, records without freight and insurance rates were removed from the data set. 
 Freight rates between 9.9-10.1 and insurance rates between 2.9-3.1 in the data set were 

excluded. 
 Then, the number of records in the product-country- mode of transport groups were 

determined and groups with 10 and more than 10 records were determined and groups with 
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less than 10 records were excluded from the data set. This is done because the number of 
records must be at least 10 for outlier detection methods to work effectively. 

 In order to prevent outliers affecting the freight and insurance rates in the final data set, outlier 
detection was performed using the first Adjusted Box-Plot and then the Median Z-Score 
Methods. Two different methods were applied because the other method detect the outliers 
that one method could not detect. 

 After determining the outliers, these values were removed from the data set and the freight and 
insurance rates were calculated by taking the ratio of the total freight and total insurance 
values to the total dollar values for each group. 

 Freight and insurance rates were calculated from a higher group (product-country group, 
product-mode of transport, country group-mode of transport for groups with less than 10 
registrations. 

 Non-monetary gold, crude oil, natural gas, aircraft and ships are evaluated separately in the 
special goods category. 

 In freight and insurance calculations, other foreign expenses that are not actually the subject of 
payment are not included. 

 Calculated with the formula FOB import = CIF import - Freight - Insurance. 
 After estimation of freight and insurance rates, FOB type import values were calculated for 

each calculated rate and comparisons were made. 

3.6 Results 

In the table 3.2, the number of records in the data set used when calculating freight and insurance rates 
are given by years. 

Table 3.2 Number of records 

 
        
The table 3.3 includes the FOB type import values by months and years, calculated by taking into 
account the freight and insurance rates obtained using 2-years data. The calculated FOB type import 
values were compared with the FOB type import values calculated by the Turkish Central Bank to be 
used in the balance of payments Statistics. 
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Table 3.3 Import values in FOB terms of delivery according to the ratios obtained from the data of  2 years 
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Figure 3.1 Imports values obtained from data of 2-years 

 

Figure 3.2 Imports values in FOB terms of delivery obtained from data of 2-years 
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Figure 3.3 Freight values obtained from data of 2-years 

 

Figure 3.4 Insurance values obtained from data of 2-years 

The table 3.3 includes the FOB import values by months and years, calculated by taking into account 
the freight and insurance rates obtained using 3-years data.  
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Table 3.3 Import values in FOB terms of delivery according to the ratios obtained from the data of  3 years 

 

14 

 



Imports in Fob Delivery Terms 

 

Figure 3.5 Imports values obtained from data of 3-years 

 

Figure 3.6 Imports values in FOB terms of delivery obtained from data of 3-years 
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Figure 3.7 Freight values obtained from data of 3-years 

 

Figure 3.8 Insurance values obtained from data of 3-years 
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are calculated by using the ratios obtained from the data of 2 years and 3 years. In other words, it 
shows the import values calculated by the rates obtained as a result of this study. In the same way the 
columns calculated freights and insurance show freights and insurance values that calculated using the 
rates obtained as a result of this study. The columns named balance of payment import and balance of 
payment import (FOB) show imports values that calculated by the Central Bank for balance of 
payments statistics. When the figures created according to both accounts are examined, it has been 
observed that there is not much difference. However, the values calculated by using the ratios obtained 
from this study reflect the reality more accurately. Because these rates are calculated by taking into 
account the actual insurance and freight rates. Therefore, when calculating the import data according 
to the FOB delivery terms usage of the rates obtained as a result of this study has provided a more 
accurate calculation. 
The figures 3.1 and 3.5 show calculated imports values in FOB according to 2-years and 3-years data, 
respectively. In these figures, a comparasion was given for calculated imports values in FOB and 
imports values released in CIF by monthly. 
The figures 3.2 and 3.6 show calculated imports values in FOB according to 2-years and 3-years data 
respectively. In these figures, a comparasion was given between calculated FOB type imports values 
that are results of this study and FOB type imports values calculated by the Central Bank for balance 
of payments statistics by monhts.  
The figures 3.3 and 3.7 show calculated freight values according to 2-years and 3-years data 
respectively. In these figures, a comparasion was given between calculated freight values that are 
results of this study and freight values calculated by the Central Bank for balance of payments 
statistics by monhts. 
The figures 3.4 and 3.8 show calculated insurance values according to 2-years and 3-years data 
respectively. In these figures, a comparasion was given between calculated insurance values that are 
results of this study and insurance values calculated by Turkish Republic of Central Bank for balance 
of payments accounts by monhts. 

4. Conclusions 

In foreign trade statistics, the import value is calculated according to the CIF (cost of goods + freight + 
insurance) delivery terms. The recommendations of the United Nations are taken as basis in the 
production of foreign trade statistics. In International Merchandise Trade Statistics, the UN's 
methodological handbook, it is recommended that countries produce their imports value according to 
the CIF delivery terms, but also it is recommended that countries produce their imports value 
according to the FOB delivery terms in order to be an auxiliary data source for national accounts and 
balance of payments. It is stated that FOB type import data is necessary for reconciliation studies with 
mirror statistics and for bilateral trade balance and trade negotiations. Besides this in the balance of 
payments statistics published by the Central Bank of the Republic of Türkiye (CBRT), imports are 
calculated according to the FOB delivery terms to show only the cost of goods. The balance of 
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payments statistics are calculated by the CBRT and the import data sent by TurkStat are converted to 
FOB delivery terms so that the import data includes only the cost of goods However, the Central Bank 
cannot make this transformation on a record basis. Since there is a need for a more detailed and 
continuous record-based transformation, this subject has been investigated in this study. At the same 
time, in the national accounts system produced by TurkStat, foreign trade data obtained according to 
CIF includes freight and insurance service costs and is converted to FOB delivery terms in order to see 
only the cost of goods. In this way, the comparison of exports and imports becomes more meaningful. 
In addition, this usage provides consistency with the balance of payments Statistics and national 
accounts. On the other hand, in the supply-use tables, the CIF import value is converted to FOB with 
correction items. Besides, "freight imports" data made by enterprises that are not included in the 
International Service Trade Statistics Survey are needed. 
For all the above-mentioned studies, imports data by FOB is very important so this study was carried 
out in line with the need for the production of foreign trade data on the basis of registration according 
to the FOB, and it was revealed by which method these data could be produced in the most accurate 
way.   
The views expressed are of the authors and do not reflect those of TurkStat. 
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