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Abstract

This paper identifies a number of errors and inconastenciesin aseries of ar pollution
intengities for Mexico that were recently created by the World Bank. Because these dataare
being used to conduct public policy analysis and advice for Mexico and countries a smilar
levels of development, knowledge of the limits of these datais of utmost importance. In
addition to identifying the problems with these data, this paper makes a series of adjustments
to offer a corrected dataset. These newly corrected data are available on the World Bank's
New Ideas in Pallution Regulation (NIPR) web page.

I ntroduction

Since the late 1980s, the World Bank (WB) has provided an invauable set of tools for
researchers concerned with environmental degradation in developing countries. In the
absence of reliable data on indugtrid pollution in the developing world, the WB has created a
series of datasets that have given the research community the opportunity to better understand
levels of pallution in developing countries, and therefore issue policy advice with more
clarity.

From the outset, these datasets have proved to be very informative. Recently
however, the WB recognized that there were limitations to the use of the earliest pollution
coefficients because they were solely based on estimates of contamination in the United
States. In amarked improvement, the WB embarked on the creation of a second phase of
pollution coefficients with actud data from the developing countries.  The WB has now made
data available for Mexico and China, and these data have been used as proxies for countries at
smilar sages of development. It istrue that work in the second phase is dill in itsinfancy,
but research for this paper has identified a number of errors and shortcomingsin the
congtruction of the Mexico data. I1n addition to pointing out some of these shortcomings, we
offer acorrected set of intengities that can be used until these data are replaced by better
estimates.

! Program on Science, Technology, and Development, El Colegio de Mexico, Mexico
2 National Institute of Ecol ogy (INE), Mexico. The ideas expressed in this paper do not reflect the official views
of INE.
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In 1997, the WB, with information from Mexico's Nationa Indtitute of Ecology (INE),
published a series of ar pollution intengty estimates for Mexican industry. The intengties are
expressed as tons of pollution per employee, and are provided for small, medium, and large
szed firmsfor 28 indudtrid branchesin Mexico. In addition to these data categorized by firm
Sze, the WB created “overd|” coefficients intended to be generd representations of air
pollution intensity for each indudtrial branch asawhole. The laiter coefficients are the focus
of concern throughout most of this paper.

We are able to prove that the “overdl” coefficients are inadequate representations of
the leves of ar pollution for each indudrid branch in Mexico. We show tha the data
reported by the WB are generdly less pollution intensve than a properly calculated series of
“overd!” coefficients would be. This paper will show tha the measurement errors in the WB
coefficients are the result of three shortcomings:

The WB data does not represent the regiona distribution of Mexican industry

well enough to serve as a proxy for Mexican industry asawhole. The sample

of air pollution data that was used to cregte the intengities includes data from

only oneindudtrid region in Mexico, the Metropolitan Area of the Vdley of

Mexico (MAVM). Only 30% of value added production in Mexican

manufacturing comes out of this region, and some industries don't even exist in

the MAVM.

The WB data does not represent the size distribution of Mexican industry well
enough to serve as a proxy for Mexican industry asawhole. A “sSizebias’ was
introduced into the “overdl” coefficients because the WB may have created

them by taking the weighted average of the WB sample, not the weighted

average of the Sze digribution of firmsin the Mexican economy. Sincethe

WB sampleincluded an abundance of large firms, the coefficients are biased

away from amdler firms--which are “dirtier” on average than large ones.

Expressng pollution intendty as pollution per employee is not an adequate
measure of peformance. Pollution per employee can vary independently of
output levels and as will be shown, can lead to quditatively different results
from coefficients expressed in their proper form—pollution per unit of output.

In addition to these problems, there are a number of minor technica errors and
inconsstencies in the WB datafor Mexico. In this paper, after discussing the three mgor
shortcomings noted above we will describe those errors, and will correct for them wherever

possible.

This paper isdivided into four parts. First, we will briefly describe the development
of the WB’sfird phase of indugtria pollution data construction, the Industria Pollution
Projection System (IPPS). Second, we will discuss the origins and devel opment of the second
phase, the air pollution intengties for Mexico. In the third part we will examine shortcomings
with these data in detail, and calculate a corrected set of air pollution intensities. Fourth, we
will briefly describe other problems with the data that were not in our power to correct.
Drawing on this work, we will conclude by urging the WB to create a more accurate set of
pollution intengties for Mexico.
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|. Phase1: Thelndustrial Pollution Projection System

In an effort to dleviate a problem that has frustrated researchers for quite some time --
the extremdy limited avalability of pollution data in the developing world-- the WB has
developed a number of tools to assst decisonrmakers in the etimation of the environmentd
effects of indudrid activity in deveoping countries.  The mgority of this work can be found
on the World Bank’s New Ideas in Pollution Regulaion web page (World Bank, 2001). This
section briefly describes the firg phase of the WB work in this area, the Industrid Pollution
Projection System (IPPS).

The early flagship of the WB'’s efforts, begun in the 1980s was the credtion of the
Industria Pollution Projection System (IPPS). The IPPS was established “to exploit the fact
that indugrid pollution is heavily affected by the scde of industrid activity and its sectord
compostion” (Hettige et d, 1994, 2). Based on 1987 edimates of industrid pollution in the
United States, where data is more prevdent, the IPPS provides pollution intendties for a
varigly of pollutants, induding those for ar, soil, water and others. These intendties are
presented as pollution per unit of output or per employee for various branches of indudtry.
Because these data are available for only one year, usng IPPS forces researchers to assume
condant emissions per unit of activity when edtimating changes in indudtria pollution over
time.

IPPS has been used, among other places, for Brazil, Latvia, India, Vietnam, Centrd
and Ldin Ameica The fird use of thee codfficents to edimae indudrid pollution in
Mexico occurred in 1993. Based on this approach, it was estimated that the composition of
Mexican industry became 50 percent more pollution intensive between 1950 and 1970, and 25
percent more pollution intensve between 1970 and 1989. Regarding the overdl scde of
indudrid pollution, the study found that Mexican manufactures were producing 20 times
more pollution in 1989 than in 1950 (Ten Kate, 1993).

More recent studies continue to utilize the IPPS coefficients for anayses of Mexico.
Other dudies looked a the scde and compostion of Mexican manufacturing in a manner
smilar to Ten Kate (Mercado, Dominguez and Fernandez, 1993; Aroche, 1999). The IPPS
coefficients have aso been used to examine the maguiladora industry (Barkin 1999; Mercado,
1998). From a public policy perspective, a recent study used the IPPS when looking at the
environmental benefits of ecologicd taxes in Mexico (Fernandez, 1998). Most recently, the
IPPS coefficients were used to estimate whether the Mexican exporting industry has become
more or less pollution intensve after the sgning of NAFTA (Schatan, 2000). Another study
dsn examines the compodtion and scde effects of industry usng IPPS for dl of Latin
America (Schatan, 1999).

Edimates usng IPPS can, a bedt, serve to suggest generd directions and trends.
However, they ae flawed by their dependence on the implausble assumption tha every
industry in a developing country has the same pollution intensty as the corresponding U.S.
industry had in 1987. With the creation of Mexico intengties, the World Bank has taken a
positive firgt step in moving beyond the 1PPS methodol ogy.
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1. Phase 2: The World Bank Air Pollution Intensities for Mexico

This section describes the WB air pollution intensities for Mexico. In addition to the
fect that the |PPS coefficients are now fairly outdated, one of the most recognized limitations
of the IPPS datais the assumption that those industries that are clean or dirty in the United
States are dso clean or dirty in the developing world. In the late 1990s, the WB recognized
the need to create devel oping country specific pollution measures, and established a series of
ar pollution intengties for Mexico and China. Following a discusson of the origins of the
Mexico air pollution data that were used by the WB, this section will describe the
condruction of the WB intengtiesfor Mexico. This exercise reveds two puzzling findings.
Firgt, Mexico's Nationd Indtitute of Ecology (INE) staff has no clear recall of the process
undertaken with the WB to create these data, dthough the WB refersto thiswork asa
“collaboration” with INE. Second, the WB, when asked about the crestion of the data, has
not been able to recollect or recreate its methodology.

Mexico's overarching legidation for environmenta policy is caled the Generd Law
of Ecologicad Equilibrium and Environmentd Protection (LGEEPA). LGEEPA providesthe
federd regulatory framework for most of the obligations, authority, and administration related
to the environment in Mexico. LGEEPA outlines a series of requirements for air pollution
control in Mexico, including aparticular st of regulations pertaining to the industria sector.
Many of the key industrid sectors, but not dl, fal under federd jurisdiction: oil and
petrochemicals sectors, indudtria chemicals, ink, metalurgy, automotive, pulp and paper,
cement and lime, asbestos, the glass industry, and finaly energy and hazardous waste
producers. A component of the requirements for these indudtries is the reporting of air
emissions. All other sectors are monitored by loca authorities.

Those indudries that fdl under federd jurisdiction must report emissons in two
forms. New firms in Mexico are required to obtain a Licencia Ambientd Unica (LAU) --a
license granted to a firm after it has successfully completed an environmental impact
datement. Initid sets of emissons data are obtained by INE as pat of the LAU process.
After a plant under federad juridiction is up and running, such firms are required to file
annua reports cdled Cédula de Operacion Annua (COA). Data from both LAU and COA
should be fed into the Nationd System of Information for Fixed Sources (Sistema Naciond
de Informacion de Fuentes Fijas, or SNIFF), and the Pollution Trandfer and Emissons
Regigration (RETC). In redity however, these databases consst soldy of data from the
COA, gpparently due to a lack of communication between the divisons of INE respongble
for LAU and for COA.

The WB reports that it used data from SNIFF to create the air pollution intengties for
Mexico. SNIFF has evolved into a sgnificantly large database that now contains a myriad of
information on the nation's fixed sources of pollution. In addition to emissons data for five
criteria ar pollutants, Nitrous Oxides (NOx), Sulphur Oxides (SOx), Particulate Matter (PT),
Carbon Monoxide (CO), and Hydrocarbons (HC), SNIFF dso has information on: the type
and quantity of energy consumed from each indudtrid source, the type and placement of
energy combudgtion equipment & each indudrid plant, the number of chimneys and
smokestacks at a facility, in addition to basic economic data such as the number of workers at
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a plant. As pat of COA, beginning in 1997, annud reporting of such information has become
mandatory for those sectors under federd jurisdiction, and is now published in an annud
report published by INE.

INE collects emissions data in two ways. For some firms, paticularly those that are
required to report to COA, emissions are reported from monitoring systems located directly a
indugtrid  fecilities.  For other firms, emissons are edimaed usng the AP-42 methodology
created by the United States Environmental Protection Agency. Such an gpproach creates
enginesring based “emissons factors’ that are estimated using information on a firm's energy
use, technology, production process, pollution control equipment, and production inputs that
are aso reported to COA (INE, 1996; INE/SEMARNAP, 1999). It is important to note
however, that most of the caculations resemble AP-42 methods  “in generd, measuring of
pollution emissons is the result of the dgebrac product of an emisson factor and its
reponsve indudtry activity data’ (Inventario de Emisiones, 1996). In addition, because
certain indudtries do not fal under federd jurisdiction, the SNIFF is not representative of the
whole of Mexican industry. For example, the food and beverages indudtries, in addition to the
textiles industry, are underrepresented in SNIFF. In 1996, data were available for only 482 of
the 3,831 textiles plantsin the MAVM (INEGI, 1994).

With data from SNIFF the WB cdculated pollution intengties for 28 indudrid
branches and five pollutants classfied by firm dze, and created wha they cdl "overdl”
coefficients (coefficients that represent Mexican indudtries as a whole). Specificdly, the
World Bank database provides estimates for the amount of pollution intensty produced per
employee by specific industry sectors in Mexico. Like the origind IPPS edimates, the
Mexican esimates are avalable for a sngle year and therefore it is impossble to estimate the
impact of technical change over time.

The pollution intendties ae a 2 and 3-digit Internationd Standard Indudtrid
Classfication (ISC) (verson 2) code levels. The intensties were caculated for three firm
gze categories amdl, medium, large. The Bank defines amdl firms as those having twenty or
fewer employees, medium firms as having employment between 21 and 100, and large firms
as those with employment over 100. The sample sze for intensties was distributed across
eech firm sze smdl firms 2,346, medium firms 2143, large firms 1,310. In addition, the
Bank reports that "prdiminary anadyss of results reveded an outlier problem. Therefore, the
top twenty-five polluters were deleted from the overdl dataset, and the top ten polluters from
eech plant-Sze category were removed, before cdculation of pollution intensties” (NIPR,
2000).

Based on interviews with high-leve administrators a INE and correspondence with
key members of the WB research team, it was driking to learn how little knowledge now
exigs about the origin and devdopment of the WB intendties. At INE, the surveyed
respondents indicated that they were not a dl aware of the WB intensties (Coordinator of
Programs, DGGIA; Emissons Inventory Deputy Direction, DGGIA). It is known that the
emissons inventories can be obtained through officid requests to INE. Based on our
interviews then, rather than a WB-INE *“collaboration” we conclude that the WB smply made
such a request.  Correspondence with the WB was just as puzzling. The WB reports that it
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cannot gain access to their database in such a way as to decipher the exact methodology used
to create the intensities (WB, 2000).

Usng the new edimaes to evduae the ar pollution intendty of Mexican
manufactures, Rhys Jenkins found contrary results to Ten Kate. Where Ten Kate found a 25
percent increase in pollution intendty in Mexican manufactures from 1970 to 1989, Jenkins
ressarch found no generd increase in pollution intengty over the period.  Jenkins was dso
able to examine pollution intengty from 1988 to 1995. Here, Jenkins observed a reduction in
the ar pollution contaminants. The rest of his paper resorts back to the U.S. based, 1PPS
coefficients.  He finds tha for dmogt dl of the ar pollutants, the pollution intengty of
Mexico's export oriented manufactures in 1990 is grester than the pollution intengty of
protected industries in 1979 (Jenkins, 1998). A comparison of the Mexican intengties with
the IPPS daa reveded that some indudtries in Mexico are sgnificantly cleaner than their US
counterparts (Gallagher, 2001).

[Il. Toward a Phase 3: Identifying and Correcting for Problems in the World Bank
Intensitiesfor Mexico

This section will describe, and to the extent possible correct for, three fundamenta
problems with the WB air pollution intengities for Mexico: the WB coefficients do not
adequately represent the regiona distribution of Mexican industry; the WB coefficients do not
adequatdly represent the size digtribution of Mexican industry; and expressing the coefficients
as pollution per employee is not a useful measure of economic activity. A number of smaller
but importart errors and incons stencies with the data are reported in the next section.

Regional Bias

The WB air intendities are intended to be representative of industria pollution for the
entire Mexican economy, but the sample of industries used for the caculations conssts only
of indugtry inthe MAVM. Thisintroduces aregiona biasin the WB coefficients because
levels of indudtriad compogtion, technology, and environmenta policy in the MAVM are not
aways mirrored in the rest of the Mexican economy.

According to our interviews with officids a INE, the only data available to the WB at
the time of the congtruction of the WB intensities were from the MAVM. Thisisa problem
because total vaue added production for manufacturing in the MAVM is only 30 percent of
totd vaue added for Mexican manufacturing asawhole. In some indudtries, the industrid
share of MAVM manufacturing is much smdler than 30 percent, especidly in those industries
that are the most resource intensive and those that have been most affected by structura
change.
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Table 1.1 shows value added production for each indugtrid branch inthe MAVM as
a percentage of total vaue added production in each branch for the entire Mexican economy
as reported by the Mexican indudtrial census. Thetable is split into four categories, ranging
from those indugtriesin the MAVM that comprise less than 25 percent of totd value added in
Mexico, to those that account for more than 50 percent.

MAVM production is less than 25 percent of total production in 12 of the 28 industrid
branches in the WB sample, representing 50 percent of tota Mexican manufacturing. It is
griking how little of some of the most heavily polluting industries resdesin MAVM: zero
percent of tota Oil refining, 5.9 percent of Iron and Stedl, 13.9 percent of Petrochemicas,
18.1 percent of the Cement industry, 23.9 percent of Food Products, and 24 percent of the
Beverage industry are located inthe MAVM. The case of Qil refining is particularly puzzling
because no such indudtries exist in the MAVM. Our research revedled that SNIFF inventories
do include separate information for the oil industry thet are directly supplied by Pemex (the
national oil industry). Perhaps these data were added to the WB sample, but such information
is not provided.

There are 9 industries whose production in the MAVM is more than 40 percent of total
Mexican production. These industries include “ other chemicas’ which comprises of the
cosmetics, pharmaceuticals and smilar indugtries; rubber, textiles, glass and gppardl.

Therefore the coefficients for these industries can be used with more confidence than those
described above, but with some caveats. On the one hand, Mexican industry is more
regulated for air pollution than in other parts of Mexico, but on the other hand the vintage of
plantsin the MAVM areais considered to be older®.

The regionad bias reveds tha the WB intensties as published should be used with
extreme caution. While it is certainly true that using firms in MAVM as a proxy for Mexican
industry as a whole is markedly better than usng pollution levels in the U.S. for 1987,
researchers should report the shortcomings of the WB data before drawing conclusions about
industries with scant representation in the MAVM. We cannot correct for this problem
without gaining access to the newer data from Guaddgara, Monterrey, Mexicdi, and Ciudad
Juarez.  Until a new dataset is made available with data from these areas, al we can do is
indicate those areas where the WB data should be used with care.

3 Take, for example, the case of Iron and Steel (1SIC 371). Plants located in the MAVM seem to be older than in
the rest of the country. Average workers per plant in MAVM is 270, whilein therest of the country is 132 (1994
Industrial Census data). But that figure is much smaller than in Guadalgjara and Monterrey, where average plant
has 600 workers. Capital per establishment inthe MAVM is 3 times smaller that in the rest of the country, and
10 times smaller than in the most important Steel area of Monterrey. Although its not clear for NOX, for PT,
SOX and CO, big units are clearly cleaner in 371 INE emissions data, which means that intensities could be
severely adjusted if the sample were broader.
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Tablelll.1
Value added share of the MAVM

shareof MAVM in  ISIC branch share of group
nationd vaue intota vaue
added added

more than 50% 352 COther Chamicds 11.9
342 Printing
390 Other manufacturing

between 40 and 355 Rubber 144
46%

354 Cokeindustries

321 Textiles

322 Appad

362 Glass

312 Other Food products

between 26 and 356 Pladtics 23.2
40%

341  Pulp and Paper

332 Furniture

381 Fabricated metds

382 Machinery

372 Non ferrous metas

383 Electronics

385 Instruments

25% or less 384 Transport 50.5

313 Beverages

311 Food products

314 Tobacco

323 Leaher

369 Cement

351 Petrochemicdsand basic
chemicas

361 Pottery and clay

331 Wood Products

324 Shoe

371 Ironand Sted

353 Qil refining

Source: INEGI, XIV Industrial Census.
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Size Bias

We guestion the manner in which the WB crested the “overdl” coefficients from the
coefficients estimated for smal, medium, and large Sized firmsin their sample. Aswill be
shown, the WB cd culations under-represent the share of smdl firmsin the Mexican
economy. Because smdl firms are dirtier on average, the WB'’s overdl coefficients are
generdly cleaner than they should be. In this section we perform asmple analysis that
reved s the methodology used by the WB to create their coefficients. We then correct for this
mistake and offer anew set of intensities corrected for what we cal the “size bias’ in the data

The WB database was congtructed with a nortrandom sample that does not adequately
represent the digribution of smdl firms in Mexican industry.  As shown in table 111.2, in the
WB database, 40.5% of dl firms are smdl. However, according to the Mexican Industria
Cenaus, andl firms in the Mexican economy are 93.1 %. This creastes a "size bias' away
from smdl firms, and is a function of the reporting requirements for the SNIFF a INE —arger
firms are more likdy to report through COA. Smadler firms are incredibly numerous and
much harder to account for. Indeed, many of them resde in Mexico's "informa economy,”
tha avoids not only environmenta, but numerous other federd requirements as wadl.
Because large firms ae eader to target, they are subject to higher leves of environmenta
monitoring.

Tablelll. 2
Sample size and structure by plants
INE-World Bank database 1993 Census INEGI
category size(num.of | number %  workers(% |number % workers (%)

employees) | of plants estimated") |of plants

Total 5,799 265,427
small 20o0r less 2,346 40.5 17 247,081 931 14.7
medium 21to 100 2,143 37.0 17.0 12854 438 19.6
large morethan100 | 1310 226 81.3 5492 21 65.7

Notes:

! We estimated the employment share by plant size multiplying the number of plantsin the
WB sample for the average number of workers by size according to the Industrial Census: 3,
34 and 264 workers for small, medium and large plants.

After learning from the WB that they could not reproduce their methodology, we
performed a number of Satistica andyses to attempt to determine how they cdculated the
"overd|" coefficients. It iscommon practice to estimate such coefficients by weighing
intengties according the distribution of plants by size in each industrid branch in the Mexican
economy. Asthe intengties are presented in tons per production worker, the normal criteria
to create "overd|" intensties should be the production worker share of small, medium and
large firms. Our hypothesis was that perhaps the WB caculated these data by taking the
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weighted average of their sample rather than the employment size digtribution of industry in
the Mexican economy. Our regression results came close to mimicking our hypothesisin a
few cases, but not sgnificantly enough to strongly conclude that we could reproduce the WB
methodology. It isevident however, because the WB sample under-represents smal firms,
that the overdl coefficients do not pardld the Size digtribution of firmsin the Mexican
€conomy.

To test how close the WB overdl coefficients were to a more redidic plant-sze
digtribution we created new overdl intensties, obtaining very different results than the WB's.
Our guessisthat the WB caculated overdl coefficients with a different plant-gze
digtribution, closer to, if not exactly, that of the sample. In thisway, we conclude that the
overdl coefficients provided by the WB have a strong bias againgt samdl plants, over-
weighting the importance of large plants.

We corrected for the Sze bias by using the WB coefficients by size to create anew
“overd|” coefficient. Rather than using the WB methodology, we congtruct our coefficient by
taking the weighted average of the small, medium and large firm coefficients, weighted by the
didribution of industry by sizein the entire Mexican economy. Thus, our corrections are
based on the weighted average of the digtribution of production workersin the Mexican
economy in the following manner:

(1) Boi = Sas™ epsi

where E; isthe overal coefficient for pollutant p in branch i; a is labor share of plants
(measured asthe share in direct workers) of ‘s sze (measured as total employment per plant)
in branch ‘i’; ey is coefficient for pollutant ‘p’ as reported for each size category and branch.

This correction moves the overal coefficients closer to the intengities of smdler plants
—usudly but not dways making the new overdl coefficients more pollution intensve than the
the WB vdues. While smdl plants are more ar pollution intengve in generd, they are not
uniformly so. Table 111.3 shows the percentage change from the origind to the corrected
coefficients. Of course, when the size distribution in the WB sample was closer to the actua
digtribution as recorded in the Mexican Census there was little change in the coefficient. This
isthe case in the Pulp and Peaper, Other Chemicals, Non-ferrous metals, and Auto sectors. We
present the corrected and origina overdl intensities in the second appendix, but make one
fina correction to them in the following section.

10
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Tablell1.3
Changein coefficients corrected for size bias
(per cent change)

branch PT SOX CO NOX HC
311 -279 -134 -22.3 -14.8 67.7
312 299.8 19.3 136.9 -40.4 825.0
313 585 406 106 7.8 -115
314 -0.7 -0.7 -0.7 -0.7 -0.7
321 -14 -19 -20 -21 827
322 131.7 93.3 88.3 107.9 60.9
323 138 20 218 6.1 -4.1
324 474 87.8 617 824 435
331 80.2 79.7 36.1 49.1 -37.7
332 826 606 121 424 -40
341 -14 -20 193 -08 -2.6
342 -14.3 -30.1 -18.6 -20.6 6.7
351 116 -12.6 -11.9 9.6 -28.7

352 -04 -20 13 -15 31
353 -76 06 -72 -12.7 -41.6
354 -5.5 -155 -14.3 -153 -10.9

355 285 -48 -14 -3.6 -16.6
361 1272 742 329 -25.9 541.1
362 -29 -35 -20 -49 152
369 451 204 6.2 410 284
371 -143 -03 -148 7.2 125
372 15 14 -22 17 0.7
381 339 297 53 -37 33
382 -26.0 330.7 1846 15 -175
383 16 -19 28 32 7.2
384 11 48 -28 -27 38
385 434 75 -261 98 -51
390 63.7 24 377 60 42

Indicator bias

Ancther sgnificant flaw with these data is the measure of economic activity used to
express pollution intensity. The World Bank chose to create intendties expressed as pollution
per employee (adthough as mentioned earlier it is redly pollution per production worker).
Although technical papers describing the original 1PPS say that the “volume of output would
be the ided unit of measurement,” the WB acknowledges that in many countries such data are
not avalable and require a number of conversons tha make manipulating the data more
difficult (Hettige et d, 1994). Employment data is more prevalent and recommended as a
proxy, as has been done with the Mexico coefficients. This poses a problem, particularly for
nations such as Mexico which have undergone agreat dedl of structura change.

11
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It is important to point out that the WB mistook “production workers’ (cdled
“obreros’ in Spanish), for “employees’ in the SNIFF. The WB reports the data as tons per
employee but SNIFF's database does not report employees, but only production workers. We
atribute this mistake to the lack of adequate knowledge of Spanish and to the lack of actud
collaboration with INE.  This is particularly problematic for cases when the WB data are used
to edimate pollution loads for countries a Smilar stages of development —multiplying the
WB coefficients by employment levels in another country would be incorrect.

Employees do not create pollution, the processes that they operate during production
do. Employment levels ae not measures of economic peformance, and can vay
independently from output levels. This can be especidly true in countries undergoing greet
dructurd change —like Mexico. Indeed, the case of the sted industry in Mexico is a classc
cae.  During trangtion or cridgs firms can shed workers to maintain productivity, without
changing production technique in any way that affects emissons Thus, usng pollution per
unit of employment as the measure of economic performance can further skew on€'s picture
of pollution because such edimates may be tracking large employment changes rather than
actua changesin production. This notion is expressed in equation (2)

21: E*Y_
()O Y @)

Where P is pallution, Y is output, and O is workers (obreros). The appropriate measure is
P/Y, pollution per unit of output. The WB measure is P/O, pollution per production worker.
The ratio between the two is Y/O or worker productivity. If productivity is growing, then
congant pollution per unit of output implies growing pollution per worker (or, constant
pollution per worker implies faling pollution per unit of output).

As shown in equation (2) it is farly smple to correct for the indicator bias as well.
Using value added and data for workers for Mexico in 1993, one can caculate a productivity
measure and then divide that measure by the corrected pollution per worker estimates. This
can be expressed as (3):

Pi _ Pi /Y
@Y o/ o
where: P is pollution; Y is output (in this case the value added of output); O are workers; and i
Is industry. We corrected the pollution per worker coefficients and express them as pallution
per vaue added production in the gppendix. These new coefficients incorporate the

correction of the plant sze bias as wdl and are presented in pollution per vaue added in
Pesos and US dollars.
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Tablelll. 4:; lllugtration of " Indicator Bias' in World Bank Pollution I ntensities for
Mexico: the Case of the Steel Industry, 1988 to 1993

SOx (employment method) | SOx (value added method)

1988 19,684.29 12,775.86

1993 8,189.83 14,631.81

Table 1V.4 compares the WB employment method with new coefficients corrected for
Sze and indicator biases for Sulfur Oxides in the Mexican Sted Industry. The dsed industry
in Mexico underwent drastic changes in Mexico in the late 1980s due to privatization and the
liberdization of trade and investment regimes. In that process, the sted industry shed over
30,000 workers while productivity increased. Table 1V.4 cdculated totd pounds of SOx in
the Mexican indusry for 1988 and 1993 usng the WB employment intendties and our new
coefficients corrected for Sze and indicator biases. The first column is the result of holding
pollution per worker condant for years when employment levels were cut in haf —it looks as
if tota pollution is thus cut in hdf. However, in the Mexican sed industry the shedding of
workers made the industry more productive and it produced dightly more in 1993 than in
1988 —thus in column two pollution rises in step with value added production. Examples like
these will not occur for al industries, but the example of sted isastark one.

Correction results

In order to illudtrate the importance of the biases in the World Bank database and the impact
of our corrections, we estimate pollution volumes for some important branches using both sets
of intengties

For manufacturing indusry as a whole, pollution volumes ae dightly smdler usng our
intengties set than with the World Bank's intendties. For the year 1993, manufacturing as a
whole would have produced fewer tons of PT, SOx, CO and NOx, but more of HC. This
result is mainly due to the fact that the largest polluter —the food industry, branch 311 was a
branch in which our correction sgnificantly reduced pollution intensty. Some branches of
growing economic importance are dirtier according to our estimates. Electronics, Fabricated
metals, Cement and Appard, while in other cases the effect is mixed (Sted, Transport and
Paper).

13
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Tablelll.5
Pollution volumes change after correcting intengities
(percent change)

PT SOx CO  NOx HC
Totd manufacturing -50 -04 -34 -54 4.1
383 Electronics 16 -19 28 3.2 7.2
311 Meat and Dairy
products -279 -134 -223 -148 67.7
321 Textiles -14 -19 -20 -21 827
381 Fabricated metals 339 2907 53 -3.7 3.3
371 Steel -143 -03 -14.8 72 125
353 Qil refining -76 06 -72 -127 -41.6
341 Transport 11 48 -28 -2.7 3.8
341 Paper -14 -20 193 -0.8 -2.6
369 Cement 451 204 62 410 284
322 Apparedl 131.7 933 883 1078 60.9

This smple test illudrates the importance of methodological accuracy in these kinds of
edimates. While overdl intengty is dightly cleaner, Table IV.5 reveds that some of the most
dramatic changes come in those sectors mogt affected by economic integration: apparel, food
and beverages, fabricated metas, and dectronics.

Unfinished Business

In addition to the three biases described above and corrected for in the appendix, there are
a number of errors and inconsstencies with these data that are beyond repair.  We will outline
these further problems in this section and urge the WB to correct for them in the congtruction
of athird phase of data

There are a number of other errors in the WB database as presented on their web page,
perhaps amply typographicd in nature. Large plants in the Shoe industry (code 324) are
reported to emit exactly the same amount of PT, CO, NOx, and HC (each is lised a
0.0000717417281682652 units of pollution per employee). The same mistake is repeated for
large firms in the Wood furniture industry (code 332), but for only PT and HC. The
probability of any industry having precisdly the same coefficients for multiple pollutants is
esentidly zero.  These errors for large plants, undoubtedly were overlooked in calculations
for overdl pollution coefficients as well.

14
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In addition to these errors, there are a so incong stencies between these data and other
data reported for Mexico. Mogt gtriking isthe case of ail refineries. The World Bank
database reports pollution coefficients for small and medium sized firms in ail refining
(branch 353). According to the Mexican Census, smal and medium sized ail refineries do not
exist in Mexico. Indeed, to date no technique is known for oil to be refined with less than 100
employees, let done 20. At the same time, smdll firm coefficients are missng in sectors
where smdll firms do exist, such as Miscellaneous cod and oil products (354). Perhaps the
amdl and medium-szed "ail refineries’ redly belong in Miscdlaneous cod and il products
(354) or in Industrid chemicals (351). Another intriguing case is the Tobacco industry (314).
Since there are no coefficients offered for smal or medium firms in the Tobacco industry, one
would expect that the overdl coefficients would be equa to the coefficient for large firms.
However, thisis not the case: the overdl coefficients for Tobacco are the coefficients for
large firms multiplied by afactor of 1.03. We have corrected for this mistake for Tobacco, but
itisimpossble to do so for cod (324) with the available information.

Findly, as mentioned earlier in the paper, the WB omitted many "outliers’ in the data
They omitted the top 25 polluters from the overdl dataset, and the top 10 polluters from each
plant-gze category. Thereisastrong need for an explanation regarding the rationde for these
omissons.

V. Recommendations and Conclusions

With information obtained from Mexico's Nationa Inditute of Ecology, the World
Bank made an important attempt to go beyond its IPPS gpproach for environmental datistics
in the cregtion of pollution coefficients that represent actud Mexican industries.  However,
the World Bank data only represents industry in which is a rdaively smal percentage of tota
indugtrial  production in Mexico. In addition, a number of errors were made in cregting and
presenting the data —most notably migtaking “"production workers' for "employees” and
misrepresenting the Sze didribution of Mexican indusry.  Findly, after the coefficients were
congtructed, they were presented in terms of pollution per employee, an expression that does
not lend itself to solid economic andyss.  In addition to pointing out these shortcomings, we
have corrected for the sze and indicator biases in the data and present them for the larger
research community.

The problems with these data point out the need for two way collaborations in
international  research.  According to our interviews, the World Bank smply obtained
pollution data from INE and proceeded to create intendties for their own ends. A more
engaged collaboration with INE might have avoided the problems associated with the
digtinction between "obreros’ and "empleados” the problem of regiond representation of the
firmsin the sample, and in the Sze bias.

We are fully aware that some of our conclusions could be wrong. They are made on
the basis of interviews with senior members of INE, and the andyses that we have presented
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here. Neverthdess we fed that we have raised enough questions to ask for disclosure of the
methodology used to create these coefficients, and the condgruction of a new database on
Mexican indudtry.

Based on our research, in addition to disclosing the process by which the data were created,
we propose that the three improvements be made in a future dataset:

1) Condruct truly "nationd" coefficents for pollution in Mexican industry. INE has
embarked upon an amhbitious effort that has resulted in the crestion of pollution estimates
for industry in the Guadalgara, Monterrey, and Northern Border regions.  Such data could
be used to round out the distribution of Mexican industry in the World Bank sample.

2) Condruct data that is more suitable for economic anadlyss. This is a task that could be
carried out a both INE and the World Bank. Since much of these data is based on plant
level interviews, INE surveyors could incorporate economic questions into their caculus.
Mogt important would be information regarding the level of value added production, and
employment in eech firm.

3) Compile and publish coefficients over time. As we have shown, having coefficients for
only one point in time forces researchers to assume that technology remains constant.
INE compiles these data over time. Indeed, they began such efforts in the late 1980s.
Cdculding intengty coefficdents over time can dlow for better monitoring of the
successes and failures of environmenta policy.

In the meantime, we have corrected some of the more serious errors with these data and
offer them to the research community interested in these issues in the gppendix. These new
coefficients can be used, with a higher degree of confidence than those presented by the
World Bank, until better data become available.
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Appendix

Bdow arethe origind and corrected intengties for industria air pollution in Mexico. They

PROCIENTEC:

can be downloaded from:

http:/Amwww.colmex.mx/informacion_academicalcentros/cee/procientec/index.htm

TableAl

Corrected coefficients (overall)

Tons per worker

ISIC3 PT

311
312
313
314
321
322
323
324
331

Al
342
351
352

361
362
369
371
372

0.1470957041740510
0.1203231591277860
0.0768726331380669
0.0068611384111811
0.0140845487423919
0.0014811301721328
0.0135887940838427
0.0002273496754414
0.1960832416839390
0.0035856167975153
0.0506702144309741
0.0009082774185995
0.1298072942140650
0.0168134349220197
0.0248816937228874
0.2624886898057740
0.0178578150575884
0.0057668385467564
0.0316267096759804
0.0751515020508493
0.0716418852462528
0.0846144815208615
0.0182883061873737
0.1033879809146760
0.0222352383440236
0.0043654937187140
0.0017657554272645
0.003070497486099

SOX
0.1447012466142680
0.046042678261739%6
0.1695825708166160
0.039300603271289%
0.0615246443798262
0.0054153796341461
0.0542376232685642
0.0029339959882719
0.0355435576921854
0.0026863813385903
0.5194876518558800
0.0006352761001981
0.1674994947344120
0.0561601001569799
0.1430539331808490
1.7379957371700300
0.0860286767445080
0.0156335735134781
0.1688837439631510
0.0690283856200718
0.3358691886613990
0.1764484286861640
0.0169192067342637
0.0493453198362137
0.0009574498071796
0.0101611367956732
0.0012800149816153
0.0042070368495619

CO
0.0962771572020825
0.0382367390920563
0.0097716106433249
0.0130087188806133
0.0578426561330750
0.0018166323608463
0.0040612723630085
0.0003430267943623
0.0011132034776002
0.0017931575730792
0.0388345113262930
0.0016240506012917
0.0333081066246118
0.0042249237220075
0.1351508729096310
0.0276320842488060
0.0053953508500565
0.0329603138503948
0.0205708140297317
0.0103149625246447
0.2265110274772880
0.0768335242517489
0.0571023758717967
0.0404912963554640
0.1645645921402610
0.0427285751665778
0.0542975462853163
0.0017523327879269

NOX
0.0678634755943334
0.1342661267481240
0.1294752284991270
0.0075198082968477
0.0429549651235909
0.0022953609257216
0.0227270572488672
0.0008442943120802
0.0070675489666734
0.0013463397972983
0.1564759814931720
0.0007493492649632
0.1399173533776880
0.0310959115316515
0.6794616024502620
0.4481884673833080
0.0345028868546486
0.0438641819965034
0.2045667265414200
0.0911280858476352
0.0917468374687198
0.2078614683213580
0.0202524459825681
0.0414776712645705
0.0300382624932007
0.0689230474766878
0.0006764054841232
0.0032144889346898

HC
0.0048870666024567
0.0804940104755762
0.0776230702953444
0.0001646673274301
0.0158857491658781
0.0068448324104875
0.2305904946562560
0.0048158754046068
0.1522596473403270
0.0600578217554276
0.0452219635959190
0.3636883219376370
0.0405945356328383
0.0620848945505331
0.0112194654372348
0.0047490220555438
0.0187817344086330
0.0136599582294768
0.0025620829550949
0.2228176663594290
0.0298207614670840
0.0121260286206205
0.0488902377711359
0.0274486290711413
0.0413723627309609
0.0216187592509561
0.0231035474332386
0.0258419130333776
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Original coefficients (overall)

Table A2

Tons per worker

ISIC3
311
312
313
314
321
322
323
324
331
332
Al
342

BEHUHGE

369
371
372
381

BHEEEE

PT
0.20396350411864100
0.03009715529643730
0.04849567021878940
0.00690925801846356
0.01428108367142570
0.00063934901215524
0.01193569979349080
0.00015426642753372
0.10883072473019900
0.00196363630168366
0.05141194533291490
0.00106005494507497
0.11627948439410100
0.01687601964649990
0.02692966340513430
0.27785267035968400
0.01389961402865320
0.00253872300910193
0.03256804918528390
0.05177686005938520
0.08362430848359620
0.08338607821.363050
0.01365764321148060
0.13976544087524300
0.02188814149173160
0.00431744567360358
0.00123161135360553
0.00187576458058604

SOX
0.16712214785097300
0.03860481438249410
0.12059524039432800
0.03957623239900040
0.06268812245903890
0.00280151121548577
0.05316811827200420
0.00156194755363633
0.01978318065587200
0.00167272722630790
0.53031694370204700
0.00090861852118950
0.19155880533966300
0.05730016366810750
0.14213654984891100
2.05707371959653000
0.09039161684846680
0.00897619887358925
0.17497811360173900
0.05735537142315800
0.33678453349084700
0.17409316377420800
0.01304641457696310
0.01145612958116570
0.00097560975008718
0.00969689957063157
0.00119055765787706
0.00411037104911935

CO
0.12388038079689100
0.01614354486603710
0.00883116857800498
0.01309995365919800
0.05900671391662280
0.0009648357841449%6
0.00333556589749701
0.00021211633785886
0.00081771720747138
0.00159999995972171
0.03255367012428030
0.00199539747655228
0.03779341065777390
0.00417074498963384
0.14569775947281700
0.03223410763004350
0.00547159410017250
0.02479788413307200
0.02099371777880620
0.00971074386297138
0.26592264469939400
0.07853048523430900
0.05425284887725690
0.01422809246926890
0.16003363467006200
0.04397269746395820
0.07344509479967320
0.00127225767416492

NOX
0.07967967423414490
0.22527965206057800
0.12011904651729200
0.00757254739062460
0.04387473889125650
0.00110433011551323
0.02141995985268030
0.00046279928379842
0.00473904292710300
0.00094545452432199
0.15769010470851200
0.00094425059132105
0.12763011290966200
0.03157150587841840
0.77839419774545100
0.52935621679490800
0.03580800881552810
0.05920664978491210
0.21509232856458500
0.06462809871805230
0.08554696085113300
0.20440853262322700
0.02104046235088470
0.04084616654132000
0.02911900759384530
0.07082600787482530
0.00061580566533249
0.00303384530324723

HC
0.00291332998493169
0.00870196988696082
0.08771644859180970
0.00016582219804393
0.00869645772130505
0.00425457709301907
0.24052244057031700
0.00335529481562008
0.24459036994498700
0.06254538003693930
0.04640775865786710
0.34081211284374900
0.05693267538405980
0.06022294723874950
0.01920473410494900
0.00532795151114825
0.02252620044910070
0.00213071396261240
0.00222349128196503
0.17353306381165300
0.02649723827482150
0.01204381980182480
0.04732100961921020
0.03325697410882950
0.03858073928999420
0.02083525914867200
0.02434485150278740
0.02479271428471950
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A 3 :Mexican Pollution Intensitiesin Tons per thousand 1993 Pesos (Corrected for size
and indicator bias)

digit
ISIC
311
312
313
314
2
32
323
34
31
332
341
342
351

EREHEHY

371
372

BELEBBE

PT

0.00197237640615234
0.00060779841455248
0.00049636608608170
0.00000754575973429
0.00027759929769669
0.00005394964364450
0.00037816520084801
0.00000770630728516
0.00706358742644459
0.00009736390325270
0.00060627057494289
0.00000946303909912
0.00059022472239248
0.00007035666727863
0.00005313411547504
0.00180497803421502
0.00022391427402868
0.00009898301663420
0.00029516995695026
0.000575538720601.36
0.00046754531148655
0.00068203275132137
0.00032717783025588
0.00162678838272291
0.00047718298590273
0.00003380790805916
0.00004482969046137
0.00006097991088115

0.00194026961130766
0.00023257922292013
0.00109499354331643
0.00004322211445474
0.00121261947281799
0.00019725329141136
0.00150938939616895
0.00009945153699975
0.00128040022721734
0.00007294604736669
0.00621568471543457
0.00000661872953330
0.00076160853193247
0.00023500477442028
0.00030548741132512
0.01195115923460350
0.00107869012176317
0.00026833736623458
0.00157618063800870
0.00052864557142281
0.00219193093386164
0.00142225781119378
0.00030268463860195
0.00077643834748594
0.00002054 750890335
0.00007869139224552
0.00003249752175511
0.00008355152001309

CO

0.00129096083657286
0.00019314843099430
0.00006309522559257
0.00001430676095443
0.00114004935572583
0.00006617019242785
0.00011302194067991
0.00001162733080338
0.000040101.38765518
0.00004869143311218
0.00046465604643318
0.00001692044085238
0.00015144964006037
0.00001767940661534
0.00028861066162577
0.00019000934914788
0.00006765083325281
0.00056573654137711
0.00019198602553965
0.00007899589725390
0.00147824374711783
0.00061931455463942
0.00102156160602170
0.00063712212899119
0.00353166546885525
0.00033090500956123
0.00137852737428848
0.00003480123260991

NOX

0.00090996 755380006
0.00067822969042015
0.00083602069801900
0.00000827015332667
0.00084662053211580
0.00008360771140046
0.00063247570874750
0.00002861843279683
0.00025459722915661
0.00003655853516200
0.00187223962499413
0.00000780721974149
0.00063619445698521
0.00013012241172046
0.00145097000419374
0.00308192455611690
0.00043262229097111
0.00075289242468002
0.00190920751748469
0.00069789346198445
0.00059875313937892
0.00167546177184768
0.00036231629468921
0.00065264253309376
0.00064464106775307
0.00053376415186673
0.00001717284738951
0.00006383957311582

HC

0.00006552968297820
0.00040660611226196
0.00050121165386574
0.00000018109823974]
0.00031310004264181
0.00024932060415756
0.00641714784897726
0.00016324024058040
0.00548491202650346
0.00163081117620143
0.00054108209679462
0.00378914717014016
0.00018458052507459
0.00025979737568081
0.00002395883410308
0.00003265618987470
0.00023549904686248
0.00023446189132715
0.00002391174811753
0.00170642224206133
0.00019461460514292
0.00009774152738482
0.00087464644077853
0.00043189847117195
0.00088787838818543
0.00016742322225233
0.00058656191225541
0.00051321896888294




A 4: Mexican Pollution Intenditiesin Tons per thousand 1993 Dollars (Corrected for size
and indicator bias)
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0.00614516953402896
0.00189366709533157
0.00154648663429553
0.00002350969758391
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0.00016808642886915
0.00117821794249432
0.00002400990226861
0.02200743332689450
0.00030334863574536
0.00188890693221441
0.00002948320583730
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0.00021920443122715
0.00016554555541036
0.00562362031448522
0.00069763112695080
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0.00091963654663151
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0.00148671944055892
0.00010533249432834
0.00013967214735679
0.00018999004924503
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0.00072462778934018
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0.00013466355616254
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0.00061456571528996
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0.00030985290301430
0.00398923676186585
0.00022727194794431
0.01936569319490630
0.00002062142649604
0.00237288051747585
0.00073218487891775
0.00095178178325842
0.03723523532107290
0.00336078532081419
0.00083603646985571
0.00491077524888488
0.00164705714876406
0.00682921736107093
0.00443121066730490
0.00094304941681178
0.00241908454346713
0.00006401816880348
0.00024517224233117
0.00010124983243463
0.00026031453920493

(6{0)

0.00402213957629310
0.000601 77654224077
0.00019658055979819
0.00004457438817134
0.00355195719551443
0.00020616097885785
0.00035213308391673
0.00003622630994375
0.00012494056657857
0.00015170385855147
0.00144769029452839
0.00005271761379019
0.00047185907879227
0.00005508226045160
0.00089920029436898
0.00059199636536010
0.00021077408863748
0.00176261840666585
0.00059815493200258
0.00024612096332308
0.00460564140309215
0.00192954697758482
0.00318279474388187
0.00198502855961965
0.01100331710311240
0.00103097328535786
0.00429496337305518
0.00010842731322175

NOX

0.00283511041357238
0.00211310397834981
0.00260472032988169
0.00002576663060167
0.00263774535358114
0.00026048961004875
0.00197055209354816
0.00008916407678887
0.00079322746468735
0.00011390239499188
0.00583318167264019
0.00002432430683679
0.00198213828891324
0.00040541160282830
0.00452066686498003
0.00960209665323007
0.00134788538025744
0.00234572446522538
0.00594835946829909
0.00217436876004368
0.00186548548189810
0.00522009724090836
0.00112883882045101
0.00203338419505991
0.00200845469332496
0.00166300468519948
0.00005350401589746
0.00019889966162295

HC

0.00020416539670426]
0.00126682893063829
0.00156158356783655]
0.00000056423276107
0.00097549982708373,
0.00077678752194340,
0.01999337516606290,
0.00050859407464681
0.01708888535523010,
0.00508098308440876|
0.00168580459909131
0.01180553147830490,
0.00057508222858747
0.00080942912979213]
0.00007464655171388|
0.00010174418153123,
0.00073372484255948]
0.00073049346310378|
0.00007449984981512
0.00531655820937394
0.00060634457939717
0.00030452516792490,
0.00272506335208307
0.00134563023495959
0.00276628903285434
0.00052162664360858|
0.00182750228697235|
0.00159899376307060,
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