IV
SENSITIVITY OF MODEL RESULTS WITH RESPECT TO DATA AVAILABILITY
1 Introduction

The intercountry input-output (IRIO) tables in the WIOD database include 40 countries. Although these countries represent approximately 85% of world GDP, a substantial number of countries in the world are not included. This implies that there is still a considerable rest of the world (RoW) for which we have only very limited information. The central question in this study is: what is the role of the RoW? That is, does it matter very much that we only have limited information for the RoW? The answer to this question is important, because it will influence the amount of time that we will have to spend on the RoW in the future. If the answer is no, it is not necessary to put much effort in getting additional information or estimating data for the RoW. If the answer is yes, the implication is that serious errors in our calculations are likely and that better coverage of the RoW is essential. 

We will perform a sensitivity analysis, mimicking the actual situation. The application is with respect to the calculation of each country’s consumer responsibility for global CO2 emissions.
 This consumer responsibility equals the part of the carbon footprint that is related to emissions involved in the production of goods and services. The other part is related to the actual consumption of these goods and services and is not included in our study. To mimic the actual situation, we will assume that the entire world consists of just the 40 WIOD countries and the IRIO table will be adapted such that there is no longer a rest of the world. This gives us the world IO table. Next, we will omit one country from this world IO table, which then plays the role of RoW. This exercise is repeated 40 times, implying that we cover a wide variety of possibilities. For example, the RoW may be very large (when the USA is omitted) or very small (when Malta or Cyprus are omitted), may depend much on imports (Belgium) or its exports may be important for others (Germany), it may have small (Netherlands) or large (China) emission coefficients.
In our sensitivity analysis, we will discuss four types of cases. Although only one of them reflects the actual situation for WIOD, the other cases are informative for the behavior of the errors when more information is added for example. The cases are: a full neglect of the RoW; using information on the imports from the RoW; adding a very crude estimate of the RoW’s production structure; and adding the RoW’s true production structure. In all cases, we calculate the consumer responsibility of the remaining 39 countries (recall that one country is taken as RoW) and compare it with the true outcome as obtained from the world IO table (with 40 countries).
To our knowledge, one other study (Andrew et al., 2009) is available that performs a similar sensitivity analysis. It should be stressed though that the perspective differs. Andrew et al. (2009) focus on the calculation of the carbon footprint of a single country (for which they have 87 candidates). Their central question is: what approximation gives an answer that comes closest to the true answer as obtained from the 87-country IRIO table that they have constructed on the basis of the GTAP6 database? Our starting-point is different. We do have an IRIO table with 40 countries and are interested in getting insight into how serious it is that we miss some countries. Moreover, we are not interested in finding an answer for a single country (no matter that there are 97 candidates), the aim of WIOD is to always run calculations that include all 40 countries. This implies that one of the models that Andrew et al. (2009) consider (i.e. the so-called unidirectional model) is not of interest for the present study. Building 40 unidirectional models requires just as much information as a full 40-country IRIO table.
The next section presents the methodology and discusses the four cases. Section 3 presents the detailed results for each of the four cases. Section 4 draws conclusions for the WIOD project. References are given in Section 5 and all tables with results are included in Section 6.
2 Methodology
2.1
The Benchmark Model

The benchmark model we adopt is based on the complete intercountry input-output (IRIO) table in the WIOD database. The table is for 2006 and the data are in millions of US dollars. The table lists 35 sectors and 40 countries, and is matched to data for sectoral CO2 emission intensities. The total GDP of the 40 countries is approximately 85% of the global GDP. 
The original table contains intermediate deliveries and final demands, but also vectors of total sectoral exports to other countries and matrices with imports from other countries. What is not available are the intermediate deliveries within the other countries.  The aim of this study is to analyze the importance of the rest of the world (RoW). Unfortunately, however, the existing table has no information on the RoW (e.g. outputs are not available). If one cannot get the data for the real world, one might adapt the real world such that it matches the data. Therefore, we have decided to mimic the real case by adapting the world table and “abusing” the data so as to create an ideal situation. That is, the exports to other countries are simply added to domestic final demands and the imports are added to value added.
 In this way, we have created our own world of only 40 countries. The 40 country IRIO table (which is derived from the WIOD table) is the world IO table. In many cases, the adaptations are relatively minor. Still, it should be stressed that care should be taken when interpreting the results. The USA in our results is not the real USA, but just an adapted version prepared for this sensitivity analysis.
The matrix of intermediate deliveries is given by
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(1)

where 
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 for r, s = 1, 2, …, N, represents the matrix with intermediate deliveries 
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 from sector i in region r to sector j in region s (with i, j = 1, 2, …, n). In our empirical application we have n = 35 and N = 40. The input coefficients are obtained as 
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 gives the gross domestic output of sector j in region s. The input matrix A has the same structure as the matrix Z in (1), replacing 
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. The final demands are given by the matrix F and the direct emission coefficients by the vector w. That is, 
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where 
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 gives the final demand vector (for household consumption, private investments and government expenditures) in region s for products produced in region r. The direct emission coefficients in 
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, the total amount of direct CO2 emissions (in Kilotons) in sector j in region r per million US dollar of its production.
The global CO2 emissions involved in the final demands (both domestically produced and imported) of the ‘consumers’ (i.e. households, government and investors) of country r are given by 
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where 
[image: image14.wmf]r

·

f

 indicates the rth column of the matrix F. 
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 is also known as the consumer responsibility of country r and reflects the part of the carbon footprint that is related to the production of goods and services (the other part is related to the actual consumption of goods and services). Note that the consumer responsibility of country r is given by the rth element of the vector 
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The results from equation (3) are viewed as the “true” emissions that will be used later to make comparisons with results obtained with tables with imperfect information. In this study, we will discuss various possibilities for the case where information for one country is lacking. This “missing” country then plays the role of the RoW and we can check how the errors depend on the size and type of the RoW and on the amount of missing information.

2.2. 
The Model when Information for One Country is Lacking
In this model, we assume that the data for one country are not available or only partly available. For the sake of notational convenience, we will assume that this is the case for country N. Note that country N may be interpreted as RoW, because we have adapted the original dataset such that it became a full world IO table, i.e. covering all countries. Comparing the outcomes obtained from this model with the outcomes from the benchmark model, thus sheds light on the role of RoW. In practical cases, it is impossible to obtain a true world IO table, which means that there is always an RoW for which (part of the) information is lacking. In the empirical application we will run the calculations for the deletion of each of 40 countries. Some countries are large (e.g. USA), others are small but highly dependent on imports (e.g. Belgium). In this way we will have a substantial variation in the characteristics of the RoW.
For this model, we distinguish several cases, depending on the amount of information that is available for the RoW (i.e. country N). In case A, we assume that no information is available. That is, the consumer responsibilities in (3) are calculated for r = 1, 2, …, N-1, and where A and 
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(4)
For case B, it assumed that each of the countries 1, 2, …, N-1 has information on its own imports from RoW (i.e. country N). Again, the consumer responsibilities in (3) are calculated for r = 1, 2, …, N-1, and where A and 
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(5)
It is clear that case A yields an underestimate of case B, which itself underestimates the “true” outcomes from the benchmark model.
In case C , we assume that information is available for the matrix of technical input coefficients of country N. That is, the consumer responsibilities in (3) are calculated for r = 1, 2, …, N-1, where 
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(6)

and 
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. When using (5) in model B, the direct emissions for producing the imports from RoW were included, but not the indirect emissions. Using (6) in model C assumes that the imports from the RoW are entirely produced in the RoW (i.e. require no imports from any of the countries 1, 2, …, N-1). In particular when the production in country N relies heavily on imported inputs and the direct emission coefficients of country N differ substantially from those in other countries, model C may be expected to yield considerable differences with the benchmark case.

Case D also employs (6), but it is assumed that the matrix of technical input coefficients for country N is not known (which reflects the actual situation). Instead, it is estimated by the unweighted average of technical input matrices of the other 39 countries. That is, define the technical input matrix for country s (= 1, 2, …,  N-1) as 
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In general, it is unlikely that information for the emission coefficients in the RoW is known. In order to estimate the effect of this we run the four models above twice.
 Models A, B1, C1 and D1 apply equation (3) straightforwardly, i.e. 
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. Models B2, C2 and D2 also use this equation, but the emission coefficients of RoW (i.e. country N) are estimated by the average emission coefficients of the other 39 countries. That is, in equation (2), 
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In our empirical application, we will calculate the average effect (as a percentage error) on the consumer responsibility. For the benchmark model we have 
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 for r = 1, 2, …, N-1. The percentage error in the consumer responsibility of country r is given by 
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. The idea of using consumer responsibilities as weights is that it is more important to have small errors for countries with large responsibilities than for countries with small responsibilities. Note that this WAPE also gives us the error in the total emissions (i.e. those related to the production of goods and services) of the remaining 39 countries, due to the omission of country i. For many purposes, this is a very reasonable perspective. However, less so when taking a policy viewpoint (e.g. each country aims at reducing its responsibility by 10%, in which case also the errors for countries with small responsibilities are relevant). Therefore, we also calculate the simple (i.e. unweighted) average percentage error (APE) for country i, which is given by 
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. Finally, to check which country is “hurt” most, we calculate the percentage error for country j, averaged over all 39 cases where country i (≠ j) is omitted. That is, 
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3 Results

The results for model A are shown in Table 1 (in Section 6). Omitting a country from the world IO table and assuming that no information is available for this country, induces a underestimation of the consumer responsibility in each of the other 39 countries. For example, omitting Australia underestimates the consumer responsibility in Austria, in Belgium, etcetera. On average, this underestimation amounts to -04% if the weighted average is used (WAPE) and -0.5% if the unweighted average (APE) is used. For 28 countries we find that their omission produces an underestimation of the average consumer responsibility by no more than 1.0%. For the USA, Germany, Russia, Japan, Korea, Taiwan, and Canada, the average error is between -1.0% and -3.0%. The only exception is China with an average underestimation of 12.1%. This suggests that a complete lack of information on a single country produces relatively small errors, even when the omitted country is very large and/or influential, China being the single exception. Clearly, China is an important producer of imports for many countries and the imports from China are not included in model A.
 Hence also the emissions involved in producing these imports are not included. In the case of China, another factor that plays a substantial role (as we will show later) is that its emission intensities are relatively large. Both aspects explain why the errors are so large in the case of China.

Comparing the weighted and the unweighted averages (i.e. WAPEs and APEs), we see that for most countries the findings are very comparable. There are a few exceptions, however. For example, for Germany we see that the unweighted average error is -5.6%, whereas the weighted average error is only -2.1%. The reason is that relatively large errors (more than 10%, up to 26%) are found for small countries (Austria, Belgium, Luxemburg and the Netherlands) that are not so relevant in terms of emissions. The same is observed (but to a lesser extent) for a couple of European countries and for Russia and the USA. Observe that almost all countries have a WAPE that is smaller (in absolute sense) than the APE, Canada and China being the most important exceptions. In the case of China, all countries import Chinese intermediate products. This includes major contributors to global emissions that show an error in their consumer responsibility that is usually larger (in absolute sense) than the APE of -11.5%. In the case of Canada, the difference between APE and WAPE stems from the -3.1% error in the consumer responsibility of the USA (which plays a substantial role in terms of emissions).
The fourth column in Table 1 indicates which country is on average affected the most if one country is omitted from the analysis. For example, the detailed results (which are not shown in Table 1) indicate that the consumer responsibility is underestimated by 0.1% if Austria is omitted, 0.2% if Belgium is left out, but 3.2% and 12.1% if the USA resp. China are deleted. On average, the underestimation amounts to 0.7% (as listed in Table 1). The largest errors (between -2.0 and -3.0%) are found for Luxemburg, Belgium, Sweden, Austria, Ireland and Latvia, for any other country the error is less (in absolute sense) than -2.0%. In general, most European countries are relatively small and production depends relatively much on imported intermediate products. The average error is for them usually between -1.0 and -2.0%. The countries that are least affected are China and India, both with an average underestimation of only 0.2%. Both countries are very large and do not depend strongly on imports for their production. From the detailed results for China, for example, we find that only the omission of Japan, Korea and Taiwan produce an underestimation larger than 1% (1.4%, 1.2% and 1.6% respectively). India’s consumer responsibility is underestimated by more than 1% only if Australia (1.8%) or China (3.8%) is omitted from the world IO model.
Take for example the case of calculating the consumer responsibility of France when the USA has been omitted from the model. As we have mentioned before, an important aspect in the underestimation of the French consumer responsibility is that the US emissions embodied in the imported intermediate products from the USA are not taken into account. The next step (i.e. model B) is to assume that information is available with respect to the full import matrices for intermediate inputs exported by the USA. In that case, the emissions in the USA that are directly involved in producing its export products are included. What is still missing are the second-order effects (i.e. emissions in the inputs necessary for producing the US exports). 
Table 2 gives the results for the models B (i.e. B1 and B2). For model B1 (using the true emission coefficients for the omitted country), it can be shown analytically that there will still be an underestimation of the consumer responsibilities but also that this underestimation is smaller than for model A. The results show that there is a reduction in the underestimation by 0.4% (i.e. the overall average underestimation reduces from 1.3% to 0.9%). Only four countries have an average error that is (in absolute sense) larger than 1.0% (China, the USA, Germany and Japan) for model B1 (which was eight countries for model A). Similar findings are found for the unweighted averages and for the average effect on a country’s consumer responsibility.
Model B2 carries out the same exercise, except that the true emission coefficients for the omitted country (in model B1) are now replaced by the average sectoral emission coefficients (where the average is taken over the 39 remaining countries). At first glance, the results seem very comparable in terms of the sizes of the errors. Except for China, Russia and the USA, omitting a country produces an error in the consumer responsibilities of the other 39 countries that is (on average) no more than 1.0% in absolute sense. Closer inspection, however, shows that the estimation of the true emission coefficients may increase but also decrease the underestimation found in model B1 (and even produce overestimation). For example, omitting Canada yields an average error in the consumer responsibilities of -0.6% when the true Canadian emission coefficients are used (i.e. model B1) and +0.2% when the Canadian emission coefficients are estimated by the average emission coefficients. For China we find the opposite result that the underestimation is increased (the average error is -10.1% in model B1 and -10.4% in model B2).
Take the case of China as an example. For the calculation of the consumer responsibility of country r (other than China), we first calculate the outputs in each and every country (including China, which produces its exports to country r for example). The resulting outputs are exactly the same for models B1 and B2. Next, it is calculated how much emissions are involved in producing these outputs. In model B1, we use the true Chinese emission coefficients which are larger than the average emission coefficients that are used in model B2. Hence, in the case of China, we find that the calculated consumer responsibility for each country r is smaller for model B2 than for model B1. We know that the consumer responsibilities in model B1 underestimate the true consumer responsibilities. So, the underestimation becomes larger for countries (like China) that have emission coefficients that are larger than average. For relatively clean producing countries (i.e. with emission coefficients smaller than average) the opposite occurs. That is, the underestimation in model B1 becomes smaller when model B2 is used. For instance the underestimation for Germany reduces from 1.5% to only 0.2%. For the case of Canada, the underestimation (the average error in model B1 is -0.6%) even turns into an overestimation (with a reported average error of +0.2% for model B2).
What is missing in the models of type B, are the second-order effects. Again, consider the example of calculating the consumer responsibility of France when the USA has been omitted from the model. The French imports from the USA require production in the USA. For this production, however, inputs are required and these inputs are produced themselves which requires further inputs, and so forth. In model C, we do take these second-order (or indirect) effects into account. That is, we assume that the true matrix with technical coefficients for the USA (in this example) is available. These technical coefficients measure the intermediate inputs (from sector i in country r) per dollar of output in sector j in country s. Note however that these intermediate inputs include products that are produced domestically as well as imported products. The only difference between model C1 and the benchmark model is that model C1 performs as if all imported inputs were produced domestically.
The results for model C1 are given in Table 3 and show that the errors are minimal. The weighted average error in measuring the consumer responsibilities of the remaining 39 countries if country i is omitted is (in absolute sense) no larger than 0.3%, except when China (+1.9%) or Taiwan (+2.5%) is omitted. Despite the fact that China has a very large domestic market, it is also heavily involved in processing trade (or offshoring) and its production structure thus shows a relatively large dependence on imported products. In the benchmark model, these imports come from countries such as the USA and Germany with clean production technologies. In model C1, however, it is assumed that these imported inputs are produced at home (i.e. in China) using the Chinese production techniques with relatively large emission coefficients. So, in comparison with the true answer (i.e. from the benchmark model), the outcomes for China from model C1 will thus be larger. This overestimation will be larger for countries that depend on Chinese exports than for countries that do not (for example, the consumer responsibilities in Bulgaria, Greece, India, Portugal, Romania, Russia an Slovenia are overestimated by less than 1.0%). 

Note also that for some countries we find in Table 3 an underestimation while for others we find overerestimation. In terms of emissions, model C1 reports underestimation in  cases where the omitted country produces in a relatively clean way. For instance, omitting Sweden implies that in model C1 it is assumed that all Swedish imports of intermediate products are produced at home in Sweden. If the Swedish emission coefficients are cleaner than the coefficients of the other countries, production in Sweden leads to a smaller amount of emissions than producing the same goods in any other country. Negative average errors are observed for Canada, Germany, France, the United Kingdom, Italy, the Netherlands, Sweden and the USA.
The results for the unweighted average errors (APE) are very similar to those for the weighted average errors (WAPE). Note that the errors are all extremely small when we measure how much the consumer responsibility of a single country is on average biased due to omitting the other 39 countries one by one. No reported average error is (in absolute sense) larger than 0.2%. However, this small size is to some extent explained from the fact that negative and positive errors cancel out. For example, omitting China yields an error of +2.5% in the Mexican consumer responsibility, whereas the omission of the USA yields underestimation (i.e. an error of -1.0%). 
The differences between the outcomes for model C1 (with true emission coefficients) and model C2 (with estimated coefficients) are qualitatively the same as the differences between models B1 and B2. That is, for clean countries (with true emission coefficients smaller than average), the underestimation for C1 is larger than for C2 (which may even become an overestimation). However, quantitatively the differences between the C models are larger than those between the B models. The reason for this is as follows. Consider the example where France is deleted. Calculating the consumer responsibility of Germany for example includes imports of intermediate products from France. In model B, only the (French) emissions directly involved in producing the German imports from France are included. Model C, however, includes all production (and thus emissions) in France that is directly and indirectly involved in these imports of intermediates. The same applies to the German imports from France for final demand purposes (such as consumption). So, consumer responsibilities calculated with model C are larger than those obtained from model B. This enlarges the gap that is due to using estimated instead of true emission coefficients. For example, for the USA we have errors of -1.9% and -1.4% for models B1 and B2 respectively, and -0.2% and 0.9% for models C1 and C2 respectively. This enlargement of the gap also works in the other direction for countries with true emission coefficients that are larger than average. For China we find errors of -10.1% (B1) and -10.4% (B2), and +1.9% (C1) and -3.9% (C2).
It should be stressed that model C1 is closest to the ideal situation as reflected in the benchmark model. For almost all countries, the results for C1 yield very small errors. China and Taiwan are the exceptions. What is missing in C1 is the fact that all inputs that are required in, for example, China to produce its exports of intermediate and final products are assumed to be produced within China and therefore with Chinese emission coefficients. In reality, however, also China imports inputs and the assumption that Chinese emission coefficients (which are larger than average) are used thus yields a serious overestimation. The same applies to Taiwan. One possibility to further refine this model would be to somehow split the Chinese technical coefficients matrix on the basis of the existing information of the exports at sectoral level of each country to China.
Whereas model C1 is the next best option when compared to the benchmark model, the assumption that the true technical coefficients matrix is known for the RoW does not reflect the actual data situation in the WIOD project. In the two models of type D, we estimate this matrix by the average technical coefficients matrix of the 39 countries for which full information is available. The results are given in Table 4. If we compare the outcomes for model D1 with those for model C1, we see that for the majority of countries the WAPE changes only marginally (i.e. 0.3% or less). Only for China, Germany, Indonesia, Taiwan, and the USA is the (absolute) difference between the two models 0.5% or more. Observe that these “large” differences are of a varied nature. The calculated consumer reponsibilities decrease for China (turning an overestimation into an underestimation that is larger in absolute sense) and Taiwan, and increase for Germany, the USA, and Indonesia. This suggests that the latter countries are more efficient (in the sense of using less intermediate inputs per unit of output) than average, whereas the former two countries are less efficient than average. However, the question what precisely causes these results and why they appear precisely for these countries requires further investigation.
Model D2 reflects best the actual situation for WIOD. Just like was the case with models B and C, also here the differences between D2 and D1 essentially depend on how the true emission coefficients of the omitted country compare to the average coefficients. The differences between model D2 and D1 are very similar to those between model C2 and C1.

So far, we have focused on average errors. It goes without saying that such averages hide a large amount of results. Therefore, Tables 5 and 6 provide an overview of all individual errors (EPij) larger than 10%. Table 5 gives the large errors in the case of model A. If China is omitted from the benchmark model, the consumer responsibility of no less than 23 (out of 39) countries is underestimated by more than 10%. Another very clear pattern is that large errors occur for the consumer responsibility of “small” neighboring countries when a “large” country is omitted. That is, Greece is large when compared to Cyprus, the same applies for Belgium and Luxemburg, for Spain and Portugal, and for the Czech and Slovak Republic.
Adding more information decreases the number of large errors. Yet, the same observations apply, i.e. China matters and neighbors matter. This holds when we compare model A with the models of type B. It also holds in the next step of adding information, i.e. going from models B to models D. However, next to China and the neighbors that matter, there is now also an important role for Germany. Several European countries depend to a considerable amount on imports from Germany. In model D, the efficient German production is estimated by the average, i.e. using more inputs than it actually does. German production embodied in its imports is thus too large in model D. If moreover the German emission coefficients are estimated larger than the true coefficients (in model D2), the end result will be a gross overestimation of German emissions involved in the imports to its European partners. More information is added when we go from models D to models C. The large errors that were found when China was omitted are no longer present. The underestimation (in model D2) that was caused by adopting an average production structure that uses less inputs than are actually used in China is removed in model C2. Note that when the true emission coefficients are used in models C1 and D1, no individual errors are found that are larger than 10%. 
4 Conclusions

What lessons for the WIOD project can be learned from this sensitivity study? As mentioned before, model D2 best reflects the data situation in WIOD. That is, for each country a full matrix for the imported inputs from the RoW and a vector with exports to the RoW are available. No information is available with respect to the technical input coefficients matrix of the RoW or the vector with emission coefficients. All in all, the results with model D2 show relatively small errors, most of which are well below 1%. Yet, some errors are still considerable. An average underestimation of the consumer responsibility by 7.4% when China is omitted, an overestimation of 3.0% in case of the omission of Germany, 1.8% in case of the USA, 1.4% in case of Canada, but also 1.4% when a relatively small country like the Netherlands is omitted. When discussing the results, we have indicated the causes of the larger errors. These are also at the basis of the following guidelines.
First, serious biases may occur when the true emission coefficients are estimated by average emission coefficients, but the direction is known. Countries like Germany, the USA, Canada and the Netherlands have emission coefficients that are clearly smaller than average. Estimating the emission coefficients thus will yield an upward bias in the consumer responsibilities. Any information on the nature of the emissions in the RoW may help to remove part of the errors.
Second, another serious bias is caused by the fact that we have estimated the true technical coefficients matrix of the omitted country (i.e. the one that mimics the RoW) by the average matrix. In particular when a country is much more (less) efficient―in the sense of requiring less (more) inputs per unit of output―than average, also estimating the technical coefficients will yield an upward (downward) bias in the consumer responsibilities. It should be noted that for most countries both effects (estimating the true emission coefficients and estimating the true technical coefficients) strengthen each other.
Third, if both biases can be removed in a perfect way, we arrive at model C1. All average errors were no larger than 0.2% in absolute sense, except for Germany (-0.3%), China (+1.9%), and Taiwan (+2.5%). In this case, the export vectors may be of help. For example, Germany uses imported inputs in its production processes. In model C1, these are assumed to be produced entirely within Germany (with its high efficiency and low emission coefficients), which yields a downward bias in the consumer responsibilities. The opposite holds for China and Taiwan, that both rely on processing imports from countries with a high efficiency and small emission coefficients.
Fourth, even if the average errors appear to be relatively small, the consumer responsibility of an individual country may still show a serious bias. This even happens (albeit very rarely) in the almost ideal model C1, where the omission of Belgium still leads to an error 8.6% in the consumer responsibility of Luxemburg. In general, omitting a “large” country from the world may affect the estimation of the consumer responsibility in its “small” neighbors or trading partners. Given the fact that the RoW will be modeled as a single country, most countries in WIOD can be considered to be “small”. It is therefore important to check to what extent countries depend on imports from RoW. 
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6 Tables 
	Table 1: Average % errors for model A.

	Countries
	WAPE
	       APE
	     APE2

	Australia
	-0.4
	-0.5
	-0.7

	Austria
	-0.3
	-0.7
	-2.1

	Belgium
	-0.6
	-1.6
	-2.4

	Bulgaria
	-0.1
	-0.3
	-0.9

	Brazil
	-0.2
	-0.3
	-0.6

	Canada
	-1.1
	-0.5
	-1.2

	China
	-12.1
	-11.5
	-0.2

	Cyprus
	0.0
	0.0
	-1.2

	Czech Republic
	-0.5
	-1.3
	-1.5

	Germany
	-2.1
	-5.6
	-1.5

	Denmark
	-0.2
	-0.5
	-1.3

	Spain
	-0.5
	-1.2
	-1.3

	Estonia
	-0.1
	-0.4
	-1.4

	Finland
	-0.2
	-0.6
	-1.5

	France
	-0.7
	-1.6
	-1.7

	United Kingdom
	-0.8
	-2.0
	-1.4

	Greece
	-0.2
	-0.8
	-1.1

	Hungary
	-0.2
	-0.5
	-1.7

	Indonesia
	-0.4
	-0.3
	-0.6

	India
	-0.8
	-1.0
	-0.2

	Ireland
	-0.1
	-0.2
	-2.1

	Italy
	-0.7
	-1.9
	-1.3

	Japan
	-1.4
	-1.4
	-0.9

	Korea
	-1.2
	-1.2
	-1.1

	Lithuania
	0.0
	-0.4
	-1.7

	Luxembourg
	0.0
	-0.1
	-2.6

	Latvia
	0.0
	-0.1
	-2.1

	Mexico
	-0.5
	-0.2
	-0.9

	Malta
	0.0
	0.0
	-1.2

	Netherlands
	-0.7
	-1.6
	-1.9

	Poland
	-0.6
	-1.9
	-0.7

	Portugal
	-0.1
	-0.2
	-1.2

	Romania
	-0.2
	-0.4
	-0.9

	Russia
	-1.7
	-4.1
	-0.3

	Slovak Republic
	-0.1
	-0.4
	-1.6

	Slovenia
	0.0
	-0.1
	-1.6

	Sweden
	-0.2
	-0.6
	-2.2

	Turkey
	-0.3
	-0.7
	-1.0

	Taiwan
	-1.2
	-1.4
	-1.2

	United States
	-2.9
	-3.6
	-0.7


	Table 2: Average % errors for models B.

	
	Model B1
	Model B2

	Countries
	WAPE
	APE
	APE2
	WAPE
	APE
	APE2

	Australia
	-0.3
	-0.3
	-0.5
	0.1
	0.2
	-0.5

	Austria
	-0.2
	-0.5
	-1.4
	-0.1
	-0.3
	-0.9

	Belgium
	-0.4
	-1.1
	-1.6
	-0.3
	-0.7
	-0.9

	Bulgaria
	-0.1
	-0.2
	-0.5
	-0.1
	-0.2
	-0.5

	Brazil
	-0.1
	-0.2
	-0.4
	-0.1
	-0.1
	-0.3

	Canada
	-0.6
	-0.3
	-0.9
	0.2
	0.0
	-0.7

	China
	-10.1
	-9.6
	-0.2
	-10.4
	-10.0
	-0.1

	Cyprus
	0.0
	0.0
	-0.8
	0.0
	0.0
	-0.7

	Czech Republic
	-0.3
	-0.7
	-1.0
	0.2
	0.1
	-0.8

	Germany
	-1.5
	-4.0
	-1.0
	-0.2
	-0.6
	-0.7

	Denmark
	-0.1
	-0.2
	-0.9
	0.0
	-0.1
	-0.7

	Spain
	-0.3
	-0.8
	-0.9
	-0.2
	-0.6
	-0.6

	Estonia
	0.0
	-0.2
	-1.0
	0.0
	-0.2
	-0.9

	Finland
	-0.1
	-0.4
	-1.1
	-0.1
	-0.3
	-0.8

	France
	-0.5
	-1.0
	-1.2
	-0.2
	-0.4
	-0.8

	United Kingdom
	-0.5
	-1.2
	-1.0
	-0.4
	-0.8
	-0.8

	Greece
	-0.1
	-0.3
	-0.7
	-0.1
	-0.5
	-0.5

	Hungary
	-0.2
	-0.4
	-1.2
	-0.1
	-0.3
	-0.9

	Indonesia
	-0.2
	-0.2
	-0.4
	0.2
	0.0
	-0.4

	India
	-0.6
	-0.7
	-0.2
	-0.7
	-0.9
	-0.1

	Ireland
	-0.1
	-0.1
	-1.6
	0.0
	0.0
	-1.3

	Italy
	-0.5
	-1.4
	-0.9
	-0.3
	-0.7
	-0.5

	Japan
	-1.1
	-1.1
	-0.7
	-0.9
	-0.9
	-0.6

	Korea
	-1.0
	-1.1
	-0.8
	-0.9
	-1.0
	-0.7

	Lithuania
	0.0
	-0.3
	-1.1
	0.0
	-0.3
	-1.0

	Luxembourg
	0.0
	-0.1
	-1.8
	0.0
	0.0
	-1.0

	Latvia
	0.0
	-0.1
	-1.5
	0.0
	-0.1
	-1.3

	Mexico
	-0.4
	-0.1
	-0.7
	-0.3
	-0.1
	-0.6

	Malta
	0.0
	0.0
	-0.9
	0.0
	0.0
	-0.6

	Netherlands
	-0.5
	-1.0
	-1.5
	0.3
	-0.3
	-1.0

	Poland
	-0.4
	-1.2
	-0.5
	-0.4
	-1.3
	-0.4

	Portugal
	-0.1
	-0.1
	-0.8
	-0.1
	-0.1
	-0.4

	Romania
	-0.1
	-0.3
	-0.6
	-0.1
	-0.3
	-0.5

	Russia
	-0.8
	-2.0
	-0.2
	-1.1
	-2.6
	-0.2

	Slovak Republic
	-0.1
	-0.2
	-1.2
	-0.1
	-0.3
	-0.8

	Slovenia
	0.0
	-0.1
	-1.0
	0.0
	-0.1
	-0.7

	Sweden
	-0.2
	-0.4
	-1.5
	0.0
	-0.1
	-1.1

	Turkey
	-0.2
	-0.4
	-0.7
	-0.2
	-0.5
	-0.6

	Taiwan
	-1.0
	-1.1
	-0.9
	-1.0
	-1.1
	-0.8

	United States
	-1.9
	-2.4
	-0.5
	-1.4
	-1.8
	-0.4


	Table 3: Average % errors for models C.

	
	Model C1
	Model C2

	Countries
	WAPE
	APE
	APE2
	WAPE
	APE
	APE2

	Australia
	0.0
	0.0
	0.1
	0.4
	0.5
	0.0

	Austria
	0.0
	-0.1
	0.1
	0.3
	0.8
	0.9

	Belgium
	0.1
	0.4
	0.0
	0.6
	1.7
	1.1

	Bulgaria
	0.0
	0.0
	0.1
	0.0
	-0.1
	0.1

	Brazil
	0.0
	0.0
	0.1
	0.2
	0.3
	0.2

	Canada
	-0.1
	0.0
	0.1
	1.0
	0.4
	0.2

	China
	1.9
	1.8
	0.1
	-3.9
	-3.8
	0.1

	Cyprus
	0.0
	0.0
	0.1
	0.0
	0.0
	0.3

	Czech Republic
	0.0
	0.0
	0.2
	0.6
	1.2
	0.4

	Germany
	-0.3
	-0.9
	0.1
	1.9
	4.9
	0.5

	Denmark
	0.0
	-0.1
	0.0
	0.1
	0.2
	0.4

	Spain
	0.0
	-0.1
	0.0
	0.4
	0.9
	0.6

	Estonia
	0.0
	0.0
	0.0
	0.0
	-0.1
	0.1

	Finland
	0.0
	-0.1
	0.1
	0.1
	0.3
	0.3

	France
	-0.1
	-0.3
	0.1
	0.8
	1.9
	0.7

	United Kingdom
	-0.1
	-0.2
	0.1
	0.6
	1.5
	0.4

	Greece
	0.0
	0.2
	0.0
	-0.1
	-0.3
	0.5

	Hungary
	0.0
	-0.1
	0.2
	0.1
	0.3
	0.5

	Indonesia
	0.0
	0.0
	0.1
	0.4
	0.2
	0.0

	India
	0.2
	0.2
	0.0
	-0.4
	-0.5
	0.1

	Ireland
	0.0
	0.0
	0.1
	0.2
	0.2
	0.7

	Italy
	-0.1
	-0.3
	0.0
	0.9
	2.3
	0.5

	Japan
	0.0
	0.0
	0.1
	0.6
	0.7
	0.0

	Korea
	0.0
	0.0
	0.2
	0.2
	0.2
	-0.1

	Lithuania
	0.0
	-0.2
	0.0
	0.0
	0.1
	0.1

	Luxembourg
	0.0
	0.0
	0.2
	0.0
	0.1
	1.9

	Latvia
	0.0
	0.0
	-0.1
	0.0
	0.0
	0.4

	Mexico
	0.0
	0.0
	0.1
	0.1
	0.1
	0.1

	Malta
	0.0
	0.0
	0.0
	0.0
	0.0
	0.6

	Netherlands
	-0.1
	-0.3
	0.2
	1.1
	1.4
	0.7

	Poland
	0.1
	0.4
	0.0
	-0.1
	-0.2
	0.2

	Portugal
	0.0
	0.0
	0.0
	0.1
	0.2
	0.8

	Romania
	0.1
	0.1
	0.0
	0.0
	0.1
	0.3

	Russia
	0.0
	0.1
	0.0
	-0.6
	-1.4
	0.0

	Slovak Republic
	0.1
	0.2
	0.1
	0.1
	0.3
	0.6

	Slovenia
	0.0
	0.0
	0.1
	0.0
	0.1
	0.8

	Sweden
	-0.1
	-0.2
	0.1
	0.3
	0.7
	0.7

	Turkey
	0.0
	0.0
	0.1
	0.0
	0.1
	0.1

	Taiwan
	2.5
	2.7
	0.1
	-0.2
	-0.3
	0.0

	United States
	-0.2
	-0.2
	0.1
	0.9
	1.0
	0.1


	Table 4: Average % errors for models D.

	
	Model D1
	Model D2

	Countries
	WAPE
	APE
	APE2
	WAPE
	APE
	APE2

	Australia
	0.2
	0.2
	0.0
	0.5
	0.6
	0.0

	Austria
	0.0
	-0.1
	0.0
	0.2
	0.7
	1.0

	Belgium
	0.1
	0.3
	0.0
	0.4
	1.3
	1.3

	Bulgaria
	0.0
	0.0
	0.0
	0.0
	-0.1
	0.1

	Brazil
	0.0
	0.0
	0.0
	0.2
	0.2
	0.2

	Canada
	0.2
	0.1
	0.1
	1.4
	0.5
	0.2

	China
	-3.2
	-3.1
	0.1
	-7.4
	-7.2
	0.1

	Cyprus
	0.0
	0.0
	0.1
	0.0
	0.0
	0.3

	Czech Republic
	0.0
	0.0
	0.0
	0.6
	1.2
	0.3

	Germany
	0.2
	0.4
	0.0
	3.0
	7.8
	0.5

	Denmark
	0.0
	0.0
	0.0
	0.2
	0.5
	0.4

	Spain
	-0.1
	-0.1
	0.0
	0.3
	0.8
	0.7

	Estonia
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	Finland
	0.0
	0.0
	0.0
	0.1
	0.4
	0.3

	France
	-0.1
	-0.3
	0.0
	1.0
	2.2
	0.8

	United Kingdom
	0.0
	-0.1
	0.0
	0.6
	1.5
	0.4

	Greece
	0.1
	0.4
	0.0
	0.0
	-0.2
	0.5

	Hungary
	0.0
	-0.1
	0.0
	0.1
	0.3
	0.5

	Indonesia
	0.7
	0.5
	0.0
	0.6
	0.3
	-0.1

	India
	0.1
	0.1
	0.0
	-0.4
	-0.6
	0.1

	Ireland
	0.1
	0.1
	0.1
	0.4
	0.5
	0.8

	Italy
	-0.2
	-0.4
	0.0
	0.8
	2.0
	0.6

	Japan
	0.1
	0.1
	0.0
	0.7
	0.7
	-0.1

	Korea
	-0.3
	-0.3
	-0.1
	-0.2
	-0.2
	-0.2

	Lithuania
	0.0
	-0.1
	0.0
	0.0
	0.0
	0.2

	Luxembourg
	0.0
	0.0
	0.4
	0.1
	0.1
	2.2

	Latvia
	0.0
	0.0
	-0.1
	0.0
	0.0
	0.3

	Mexico
	0.1
	0.0
	0.0
	0.2
	0.1
	0.1

	Malta
	0.0
	0.0
	-0.1
	0.0
	0.0
	0.6

	Netherlands
	0.0
	-0.2
	0.0
	1.4
	1.7
	0.7

	Poland
	0.0
	0.1
	0.0
	-0.1
	-0.4
	0.2

	Portugal
	0.0
	0.0
	0.0
	0.1
	0.1
	0.9

	Romania
	0.0
	-0.1
	0.0
	0.0
	-0.1
	0.3

	Russia
	0.2
	0.4
	0.0
	-0.5
	-1.2
	0.0

	Slovak Republic
	0.1
	0.2
	-0.1
	0.0
	0.0
	0.5

	Slovenia
	0.0
	0.0
	0.0
	0.0
	0.1
	0.8

	Sweden
	-0.1
	-0.2
	0.1
	0.3
	0.9
	0.8

	Turkey
	0.0
	-0.1
	0.0
	0.0
	0.0
	0.1

	Taiwan
	0.9
	1.1
	-0.1
	-0.5
	-0.5
	-0.1

	United States
	1.1
	1.5
	0.0
	1.8
	2.3
	0.1


	Table 5. Percentage errors larger than 10% for model A.
	

	Deleted country i 
	Affected country j
	EPij
	
	
	

	Belgium
	Luxemburg
	-19.6
	
	
	

	China
	Australia
	-12.1
	
	
	

	
	Austria
	-12.3
	
	
	

	
	Belgium
	-17.7
	
	
	

	
	Canada
	-14.9
	
	
	

	
	Czech Republic
	-12.5
	
	
	

	
	Germany
	-12.6
	
	
	

	
	Spain
	-11.7
	
	
	

	
	Estonia
	-10.1
	
	
	

	
	Finland
	-14.2
	
	
	

	
	France
	-15.3
	
	
	

	
	United Kingdom
	-13.5
	
	
	

	
	Hungary
	-13.7
	
	
	

	
	Indonesia
	-10.2
	
	
	

	
	Ireland
	-16.4
	
	
	

	
	Italy
	-10.9
	
	
	

	
	Japan
	-20.1
	
	
	

	
	Korea
	-29.8
	
	
	

	
	Mexico
	-12.5
	
	
	

	
	Netherlands
	-23.7
	
	
	

	
	Slovak Republic
	-11.2
	
	
	

	
	Sweden
	-15.3
	
	
	

	
	Taiwan
	-20.0
	
	
	

	
	USA
	-11.4
	
	
	

	Czech Republic
	Slovak Republic
	-11.1
	
	
	

	Germany
	Austria
	-20.2
	
	
	

	
	Belgium
	-11.6
	
	
	

	
	Luxemburg
	-25.7
	
	
	

	
	Netherlands
	-10.7
	
	
	

	Spain
	Portugal
	-11.2
	
	
	

	United Kingdom
	Ireland
	-15.5
	
	
	

	Greece
	Cyprus
	-10.8
	
	
	

	Lithuania
	Latvia
	-11.7
	
	
	

	Russia
	Estonia
	-12.6
	
	
	

	
	Lithuania
	-23.6
	
	
	

	
	Latvia
	-15.4
	
	
	

	USA
	Canada
	-16.1
	
	
	

	
	Ireland
	-13.6
	
	
	

	
	Mexico
	-11.8
	
	
	


	Table 6. Percentage errors larger than 10% for models B, C and D.

	
	Model B1
	Model B2
	
	

	Deleted

country i 
	Affected 

country j
	EPij
	Affected 

country j
	EPij
	
	

	Belgium
	Luxemburg
	-14.0
	
	
	
	

	China
	Australia
	-10.2
	Australia
	-10.6
	
	

	
	Austria
	-10.3
	Austria
	-10.9
	
	

	
	Belgium
	-14.6
	Belgium
	-15.4
	
	

	
	Canada
	-12.8
	Canada
	-13.3
	
	

	
	Czech Republic
	-10.8
	Czech Republic
	-11.2
	
	

	
	Germany
	-10.8
	Germany
	-11.3
	
	

	
	Finland
	-12.9
	Finland
	-12.9
	
	

	
	France
	-13.0
	France
	-13.7
	
	

	
	United Kingdom
	-11.4
	United Kingdom
	-11.9
	
	

	
	Hungary
	-12.3
	Hungary
	-12.4
	
	

	
	Ireland
	-13.9
	Ireland
	-14.6
	
	

	
	Japan
	-16.5
	Japan
	-16.4
	
	

	
	Korea
	-22.9
	Korea
	-21.3
	
	

	
	Mexico
	-11.1
	Mexico
	-11.3
	
	

	
	Netherlands
	-21.0
	Netherlands
	-21.3
	
	

	
	Sweden
	-12.9
	Sweden
	-13.7
	
	

	
	Taiwan
	-16.9
	Taiwan
	-17.1
	
	

	
	
	
	Slovak Republic
	-10.0
	
	

	
	
	
	Spain
	-10.3
	
	

	
	
	
	USA
	-10.2
	
	

	Germany
	Austria
	-13.7
	
	
	
	

	
	Luxemburg
	-17.2
	
	
	
	

	United Kingdom
	Ireland
	-10.1
	
	
	
	

	Russia
	Lithuania
	-11.0
	Lithuania
	-12.9
	
	

	
	
	
	Latvia
	-10.7
	
	

	USA
	Canada
	-11.1
	
	
	
	

	
	Ireland
	-11.0
	
	
	
	

	
	Model C2
	Model D2

	Belgium
	Luxemburg
	+28.0
	Luxemburg
	+21.1
	
	

	Germany
	Austria
	+17.2
	Austria
	+26.1
	When China is deleted:

	
	Belgium
	+14.0
	Belgium
	+20.8
	Belgium
	-11.0

	
	France
	+13.2
	France
	+19.9
	Ireland
	-10.2

	
	Italy
	+10.6
	Italy
	+15.5
	Japan
	-11.4

	
	Luxemburg
	+22.2
	Luxemburg
	+39.0
	Korea
	-14.9

	
	Netherlands
	+13.5
	Netherlands
	+20.4
	Netherlands
	-15.3

	
	
	
	Czech Republic
	+11.7
	Taiwan
	-12.3

	
	
	
	Portugal
	+12.9
	
	

	
	
	
	Slovenia
	+11.4
	
	

	
	
	
	Sweden
	+10.1
	
	

	France
	
	
	Belgium
	+10.4
	
	

	United Kingdom
	Ireland
	+10.9
	Ireland
	+12.2
	
	

	USA
	
	
	Canada
	+10.5
	
	








� Recently, the potential of IRIO models has been recognized and its use has been advocated. See, e.g., Lenzen et al. (2004), Wiedmann et al. (2007), Peters and Hertwich (2009). Note that there is a sharp distinction between interregional (IRIO) and multi-regional (MRIO) tables and models (see Miller and Blair, 2009), although numerically they often are very close to each other. In the environmental literature, however, typically IRIO tables and models are used, which are termed MRIO analysis.


� It should be emphasized that we have used the preliminary version of the database, which contains quite a number of negative entries for the exports to the RoW. In a few cases, adding the exports to the RoW to the domestic final demands caused negative domestic final demands. In those cases, we have subtracted the (negative) exports to the RoW from the total output.


� Because model A assumes that no information on the RoW is available, it does not use any emission coefficients for the RoW. Hence there is only one model type A.


� Also the exports from the countries to China (i.e. China’s imports) are not taken into account. For the case of model A, however, they only have a second-order effect.
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