Modal Shares and Emissions from Production and Trade
The dataset discussed in this document (emissions_modal_data.dta) underlies the calculations in “Trade and the Greenhouse Gas Emissions from International Freight Transport”.  It includes data on worldwide trade shares by mode of transport (“Air”, “Sea”, “Rail” and “Road”), value of trade, trade and output related emissions for the year 2004.  
The data cover 40 regions and 29 sectors (6 of which nontraded) aggregated from the GTAP 7 database. The detailed listing of included regions and sectors is reported in the Appendix
. 
Table 1 lists and briefly describes all the variables included in the dataset.  
Modal Shares 
We construct the share of trade (value and weight) by mode of transport in two steps:
Step 1: Collect data on trade (value and weight) by transport mode 
We create datasets that have trade (value and weight) organized by 40 GTAP regions, 29 sectors, and transport mode.  Three are the primary data sources from which gather trade by value, weight and transport mode at the 6 digit level of the Harmonized system (HS): 
1. US Imports and Exports of Merchandise; 

2. Eurostats trade data (covering the imports and exports of 27 EU countries);

3. ALADI trade database.   
The bilateral pair coverage of these three datasets is displayed in Appendix Table 1.  A brief discussion of each of the datasets and related data issues follows. 
US Imports and Exports of Merchandise (US Bureau of the Census)
The US Imports and Exports of Merchandise data contain information on partner, transport mode, year, HS code, value (in dollars), value shipped by air, value shipped by vessels, quantity (in kg) shipped by air and quantity shipped by vessels.  Missing information includes the value of trade shipped by modes other than air and sea, total quantity shipped to a given destination, and quantity shipped by modes other than air and sea.
Data Issues on Value Shares

We derive the total value shipped by other modes subtracting the sum of values shipped by air and vessels from the total trade value.  
In order to determine the value of trade shipped by land modes (rail vs. road) we integrate information from the North American Transborder Freight Data (NATFD).  The NATFD contains freight flow data by commodity type and by mode of transportation for U.S. exports to and imports from Canada and Mexico.  The NATFD allows us to calculate the value share of trade transported by rail and road modes at the HS2 level.  These shares are directly applied to the total value shipped by other transport mode available in the US Census data.  Once the complete information on values by mode of transport is obtained, the data are aggregated at the gtap 29 commodity-40 regions level.
Data Issues on Quantity Shares

The total weight shipped by other modes is derived as follows:

Weight by other = 
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Export weight data for land modes are not available in NATFD. Thus, for the export quantity flows we create only three categories for mode of transport: air, vessel and other. In some cases even if the total weight of the shipment is not known the data on values suggest that the transport mode is just land even after aggregation.  In these cases 1 is assigned to the quantity export share of “land”.  Import weight data for land modes are contained in NATFD. Thus, for the import quantity flows we can easily determine the transport mode by commodity type in the US data.  

Once the complete information on quantity by mode of transport is obtained, the data are aggregated.
Eurostats Trade data
The Eurostats trade data contain information on reporter, partner, transport mode, year, HS code, value in euros and quantity (in hundreds kg or tons).  Euros are converted into US dollars the exchange rate from the International Financial Statistics, IMF. 
Obtaining the export shares by mode of transport between European countries and extra-EU countries (including Romania and Bulgaria) requires simple aggregation of flows at the 29 GTAP sectoral aggregation and 40 countries regional aggregation.  In a handful of cases, more than one GTAP codes corresponds to one HS code.  In such instances the values for quantities and values for the given HS code are split uniformly across corresponding GTAP codes.

For flows from EU15 to EU25 (excluding Bulgaria and Romania), modal shares are originally reported at the 3 digit level of the NSTR. These data were compiled on special request by statisticians at Eurostats. We use the most recently available year, 1999.
  After having established the concordance between NSTR and GTAP 29 sectoral classifications, flows are further aggregated across countries according to the chosen regional aggregation. 

ALADI database
The ALADI database covers the imports of 11 Latin American countries (Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Mexico, Paraguay, Peru, Uruguay and Venezuela) from all exporters worldwide.  For Mexico data for 2004 are not correctly coded, so we use import data for 2003.   
The original data include information on reporter, partner, transport mode, year, HS code, value (in dollars) and quantity (in kg).  Obtaining the export shares by mode of transport for flows to Latin American countries requires simple aggregation of flows at the 29 GTAP sectoral aggregation and 40 countries regional aggregation.

Step 2: Modal Share Data Imputation 
For trade flows representing 35 percent of world trade, no direct information on modal use is available.  In these cases we estimate modal use by relying on the matrix of modal trade flows we do have and the following three step algorithm.

1. Identify trade where land transport is infeasible.

If an origin‐destination country pair is not on the same continent, or a destination could not reasonably be reached by land transport, rail and road shares are set to zero. (That is, Japan is part of Asia, but lacks a land bridge so its rail and road shares are zero.).  Of the 35 percent of world trade not covered by our explicit modal share data, 33 percent have no land‐based trade. For these cases, we skip to step three.

2. Estimate the share of trade that moves by land.

For the 2 percent of world trade without modal data, and where land transport is an option, we proceed on a case by case basis.  For European country pairs not covered explicitly by the EU data, we estimate a modal share model with first the rail share of trade and then the road share as a dependent variable.  Regressors include fixed effects for origin, destination, and GTAP sector, the distance between countries, a dummy for land‐adjacency, and the weight/value ratio of the exporter‐sector.  The sample employed is the EU data for which we do have modal information – recall that all the EU 27 countries report their imports from all European countries and their exports to all European countries.  We then use out of sample prediction to generate modal splits for the remaining countries.  This allows us to estimate, for example, the share of rail in Russian exports of coal by calculating Russia’s conditional average share of rail to the EU27 countries (the origin fixed effect), the weight/value of Russian coal, and the distance to each market. 

This leaves intra‐continental trade within Africa and land‐adjacent Asian countries, roughly 1.8 percent of world trade by value.  For Asia we use calculations by Prabir De (2007) that report the modal shares of Indian trade with its land‐adjacent neighbors, summed over all products and partners.  These shares do not vary over sectors.  For intra‐African trade (a vanishingly small share of world trade) we could find no data on modal shares and so imposed road shares of 75 percent and rail shares of 0.

3. Split the (air+ocean) share.
Recall that in almost all cases (33 percent of the 35 percent of trade with no data), the ocean + air share is 100%.  In the remaining 2 percent of cases we split air v. ocean for the trade that is leftover after subtracting off the shares of trade going to rail and road transport.

We estimate a model where the dependent variable is the ratio of air/ocean and the regressors include the weight/value ratio of the exporter‐product, distance between markets, whether they are landadjacent and vectors of fixed effects by origin, destination, and GTAP sector.  These origin and destination fixed effects capture all market characteristics such as level of development, and quality and composition of infrastructure that strongly affect this modal split. The product fixed effects absorb factors that explain modal use such as bulk, spoilage, the need for special packing, and timely delivery. Again, the estimation sample includes the EU, US, and ALADI data for which we have explicit modal share data and we use out of sample prediction to generate modal splits for the remaining countries. The high R2 in these regressions (0.75) suggests that the model does a good job of identifying share variation.
Trade related Emissions
Calculations

We construct the transport emissions associated with a trade flow by calculating the quantity of transportation services for that flow provided by each transportation mode, and multiplying by emissions per unit of transportation services.  

More formally, denote 
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as the emissions associated with transporting good g from origin o to destination d.  VAL is the value of that flow, and WV is the weight to value ratio so that 
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is the quantity of the flow in kilograms.  A country pair may ship product g using multiple transportation modes.  The quantity share of mode m in that flow is 
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 gives the quantity of the flow for each mode, in kg.  Multiplying by 
[image: image6.wmf]m

od

DIST

 the distance traveled from o to d for mode m gives us a measure of transportation services, for each mode, measured in a common unit (one kg of cargo moved one kilometer).   Finally, multiplying by 
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, the greenhouse gas emissions produced by mode m when providing one kg-km of transportation services, and summing over all modes yields the total emissions from transport associated with that trade flow.
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Pulling the value of the trade flow out of this summation we decompose the quantity of transportation emissions from the flow into a scale measure and an intensity measure, 
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Rewriting the emissions from output of good (or service) g in country o as the product of the value of output, 
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, and emissions per dollar of output 
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and combining (2) and (3), total trade related emissions for any particular o-d-g flow, Eodg equal:

(4)
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Data Sources
International Transport Emissions from Trade
From equation (1), we need data on the value of trade, the weight/value ratio, distance the quantity shares and emissions of each mode.  The value of trade comes directly from the GTAP 7 database, aggregated to 40 regions and 29 sectors in 2004
.  To construct 
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 we draw on the three primary data sources already discussed in the section on modal shares:  US Imports and Exports of Merchandise, Eurostats Trade Data and the ALADI trade database.
We draw on data from several studies to calculate emissions per kg‐km of cargo moved by each of the four transport modes: ocean, air, rail, and road.  These sources, and data on emissions, are reported in Table 2.  We briefly remark on the data for maritime and aviation emissions here.
The most recent and comprehensive study for maritime transport comes from "Ship Emissions Study", National Technical University of Athens Laboratory for Maritime Transport (2008). It reports emissions in grams of CO2 per tonne‐km shipped for many distinct ship types, as well as variability across vessels of different sizes within each type.  In Table 2, we reproduce the fleet averages for six ship types, and note the ship types employed for each traded goods sector in our dataset.  While other studies lack the detailed data by ship type reported in that study, those studies (Kristensen 2006, Giannouli and Mellios, 2005) that provide data for containerized cargo arrive at similar emission numbers. 
In searching the literature we found few estimates of emissions associated with air cargo. These arrive at widely varying estimates of emissions per tonne‐km, and provide little detail on methodology.  For example, a Maersk 2007 pamphlet cited in the University of Athens (2008) study reports that a Boeing 747‐400 emits 552 grams of CO2 per tonne‐km shipped.  A California Climate Change pamphlet for 2006 reports emissions per tonne‐km shipped ranging from 476‐1020 grams of CO2.

Given this wide range, we attempted our own calculations based on fuel usage and fleet characteristics.  The Air Transport Association of America reports fleet wide fuel usage and ton‐miles of cargo shipped for US cargo airlines.  Using these totals we calculate that US cargo airlines used 163.6 gallons of jet fuel per thousand ton‐miles shipped.  Converting gallons of jet fuel into grams of CO2 and cargos into tonne-km, we calculate CO2 emissions of 963.5 grams of CO2 per tonne‐km.

We also attempted to construct an independent estimate of CO2 emissions associated with air cargo using data taken from Aircraft Economics, 1999.  “Freighter Cost Comparisons”.  This source provides data for 14 major cargo plane types including total fuel use, revenue ton‐miles flown, and share in the fleet.  Combining fuel use, emissions per gallon of jet fuel, and ton‐km flown it is possible to construct a measure of average CO2 emissions per tonne‐km flown.  The numbers range from 493 to 1834, depending on the plane type and how it was used (i.e. for short v. long haul cargo carriage).  For comparison, applying this method to the Boeing 747 yields emissions of 700 grams of CO2 per tonne‐km which is close to the Maersk study. Taking a weighted average of these emission numbers over the fleet shares reported, we arrive at average emission rate of 972 grams. Finally, if we update the fleet composition using 2008 shares (from ATA) we arrive at average emissions of 912.1 grams.

In the construction of the dataset we employ 552 g/t‐km as a “LOW” emissions value for aviation. This corresponds to use of the most efficient aircraft on the longest flights. We use 950 g/t‐km as a “HIGH” emissions scenario, and it corresponds to a use of a mixed fleet of smaller planes on shorter flights.

The final component we need to calculate transport emissions is distance traveled. For rail, road, and air transport we rely on a widely used distance database put together by CEPII.  For ocean transport direct line distances significantly understate actual distances traveled.  Containerships rarely travel point to point between importer and exporter and frequently stop at multiple ports of call en route.  We draw on a dataset of actual ship itineraries from Hummels and Schaur (2011) that allow us to calculate actual distances traveled due to these indirect routings.

Output Emissions from Production and Trade

 The GTAP 7 database provides data on GHG emissions produced by each sector g in each country o, 
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, in equation (3). We briefly summarize how these data were constructed, and direct readers to more detailed discussions available from Lee (2008) and Rose et al (2010).  For each o‐g pair, the database contains information on use of six energy inputs (coal, oil, gas, petroleum products, electricity, and gas distribution).  Energy use differs across countries and sectors as a function of the energy intensity of production, the efficiency with which energy is used, and the availability of energy inputs in the respective country.  Using a standard formulation provided by IPCC (1997) guidelines, the quantity of energy inputs are then converted into CO2 emissions.  Finally, these data are supplemented by calculating non‐CO2 greenhouse gases emitted as a byproduct of production (primarily in agriculture).  These are converted into CO2 equivalents based on their global warming potentials, following the methodology in USEPA (2006). Combining these data we have total GHG emissions for each country o and sector g. 
To derive output emissions related to trade we first derive the amount of CO2 emissions per dollar of output produced by each sector g in each country o, 
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 (output emission intensity).  Then, we take the product of the value of exports from region o to region d and the emission intensity characterizing the production of g in the exporting country.
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TABLES
	Table 1. Variables Descriptions

	Variable Name
	Variable description
	Notes

	origin
	Exporting country/region 
	

	destination
	Importing country/region
	

	gsc
	Sectoral code
	Codes range between 1 and 23

	description_gsc
	Sectoral label
	

	vsh_‘mode’
	share of trade value shipped by ‘mode’
	Modes: Air, sea, rail and road

	qsh_‘mode’
	share of trade weight shipped by ‘mode’
	Modes: Air, sea, rail and road

	exports_odg
	Value of good g’s exports from region o to region d (in million USD)
	

	emis_y_og
	million grams of CO2 emissions from production of good g in o
	

	emis_t_odg_high
	million grams of CO2 emissions from transport of g between o and d (HIGH Scenario)
	In the “HIGH” emissions scenario we use a 950 g/t‐km emissions value for aviation. 

	emis_t_odg_low
	million grams of CO2 emissions from transport of g between o and d (LOW Scenario)
	In the “HIGH” emissions scenario we use a 552 g/t�-km emissions value for aviation. 

	emis_y_og_trade
	million grams of CO2 emissions from production of exported g from o and d
	

	emis_trade_odg_high 
	million grams of CO2 emissions from trade of g between o and d-HIGH Scenario
	emis_t_odg_high +emis_y_og_trade

	emis_trade_odg_low
	million grams of CO2 emissions from trade of g between o and d-LOW Scenario
	emis_t_odg_low +emis_y_og_trade


	Table 2. Emissions per Tonnes-Km of Transport Services

	Panel (A) Maritime

	Ship Type
	CO2 per tonnes-km
	GTAP Sectors
	Source

	Bulk
	4.5
	Bulk agriculture, forestry, minerals, coal products
	University of Athens, 2008

	Container
	12.1
	Processed agriculture, fishing, textiles, wearing apparel, leather products, wood products, paper products and publishing, ferrous metals, metals nec, metal products, motor vehicles and parts, transport equipment nec, electronic equipment, machinery and equipment, manufactures nec
	University of Athens, 2008

	Oil Tanker
	5
	Oil
	University of Athens, 2008

	LNG
	16.3
	Gas
	University of Athens, 2008

	LPG
	12.7
	Petroleum
	University of Athens, 2008

	Chemical
	10.1
	Chemical products
	University of Athens, 2008

	Panel (B) Land

	Mode Type
	CO2 per tonnes-km
	 
	Source

	Road
	119.7
	 
	Giannouli and Mellios, EEA, 2005

	Rail
	22.7
	 
	

	Panel (C) Air

	Plane Type
	CO2 per tonnes-km
	 
	Source

	Boeing 747
	552
	 
	Maersk Line, 2007

	Various
	476-1020
	 
	California Climate Change 2006

	US Cargo Fleet
	963.45
	 
	Authors’ calculations based on ATA fuel usage data

	US Cargo Fleet
	912
	 
	Authors’ calculations based on Aircraft Economics 1999 data


APPENDIX

Model Aggregation

Region Aggregation:  We begin with 113 constituent countries/regions available in the GTAP database, then aggregate into the 40 “regions” listed in bold.  Some regions are single countries and others are aggregations of the 87 constituent countries available in the GTAP database.  

North America:  (2 regions)   Canada, United States

Central America:  (2 regions) Mexico, Other Central America and Caribbean (Central America, Rest of FTAA, Rest of Caribbean)

South America:  (4 regions)  Argentina, Brazil, Chile, Rest of South America (Colombia, Peru, Uruguay, Venezuela, Rest of Andean Pact, Rest of South America)

Europe:  (18 regions  ) Austria, Belgium-Luxemborg, Denmark,  Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Portugal, Spain, Sweden, United Kingdom,  Russia,  Rest of European Union (Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, Slovenia, Bulgaria, Romania), Other Europe – EFTA (Switzerland, Iceland, Liechtenstein, Norway), Other CEE and Other CIS (Albania, Croatia, Turkey, Rest of Former Soviet Union)
South Asia:  (2 regions)  India, Other South Asia (Bangladesh, Sri Lanka, Afghanistan, Rest of South Asia)
East Asia  (8 regions) Japan, Korea, Singapore, Malaysia-Indonesia, China-Hong Hong, Taiwan, Other East Asia (North Korea, Macau, Mongolia),  Other South East Asia (Philippines, Thailand, Vietnam, Rest of Southeast Asia)
Middle East/Africa:  (3 regions) South Africa, Middle East and North Africa (Middle East, Morocco, Tunisia, Rest of North Africa), Sub-Saharan Africa (Botswana, Malawi, Mozambique, Tanzania, Zambia, Zimbabwe, Madagascar, Uganda, Rest of South African Customs Union, Rest of Southern African Development Community, Rest of Sub-Saharan Africa)

Oceania Countries  (1 region):  (Australia, New Zealand, Rest of Oceania) 

Sectoral Aggregation.  GTAP provides data on 57 sectors.  We aggregate these to 27 sectors, and focus on the following 23 tradable sectors:  Bulk Agriculture (Paddy rice; Wheat; Cereal grains nec; Oil seeds; Sugar cane, sugar beet; Plant-based fibers; Crops nec); Processed Agriculture (Vegetables, fruit, nuts; Bovine cattle, sheep and goats, horses; Animal products nec; Raw milk; Wool, silk-worm cocoons; Bovine meat products; Meat products nec; Vegetable oils and fats; Dairy products; Processed rice; Sugar; Food products nec; Beverages and tobacco products); Forestry; Fishing; Minerals; Oil; Gas; Textiles; Wearing apparel; Leather products; Wood products; Paper products, publishing; Petroleum, coal products; Chemical, rubber, plastic products; Mineral products nec; Ferrous metals; Metals nec; Metal products; Motor vehicles and parts; Transport equipment nec; Electronic equipment; Machinery and equipment nec; Manufactures nec. 

In practice, manufacturing and mining sectors are analyzed using the same level of detail as in the GTAP data.
	Table 1. Bilateral trade coverage original modal data

	              Importer
Exporter
	EU
	US
	LAC
	Rest of Europe
	Asia
	Africa
	Other

	EU
	Xa
	Xa
	Xd
	Xa
	Xa
	Xa
	Xa

	US
	Xb
	--
	Xd
	Xe
	Xe
	Xe
	Xe

	LAC
	Xb
	Xc
	Xd
	A/O
	A/O
	A/O
	A/O

	Rest of Europe
	Xb
	Xc
	Xd
	L/A/O
	A/O
	A/O
	A/O

	Asia
	Xb
	Xc
	Xd
	A/O
	L/A/O
	A/O
	A/O

	Africa
	Xb
	Xc
	Xd
	A/O
	A/O
	L/A/O
	A/O

	Other
	Xb
	Xc
	Xd
	A/O
	A/O
	A/O
	A/O


Table 1 summarizes the source of modal data for worldwide trade flows. X indicates that modal shares are directly observed from various data sources. These data represent 65% of the value of world trade. Xa Modal shares calculated using Eurostats data on European exports. For flows from EU15 to EU25 (excluding Bulgaria and Romania), modal shares are originally reported at the 3 digit level of the NSTR. These data were compiled on special request by statisticians at Eurostats. We apply the most recently available year, 1999. Xb Modal shares calculated from Eurostats data on European imports. Xc Modal shares calculated using US “Imports of Merchandise” US Bureau of the Census. Xd Modals shares calculated from ALADI trade data. Xe Modal shares calculated using US “Exports of Merchandise”, US Bureau of the Census.

� For a discussion of the aggregation scheme please refer to the related paper.


�The concordance between NSTR codes and 29 gtap codes is not always one-to-one. In these cases, nstr data are split uniformly across gtap codes. 


� Values trivially close to zero are recorded for domestic transactions at the country level in the GTAP 7.  At the region level, domestic flows are not zeros in our dataset because they include trade between the countries in the region. 
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