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RESUMEN

en inglés) por incremento de los gases antrópicos de efecto invernadero (AGG, por sus siglas en inglés): 
bióxido de carbono (CO2), metano (CH4), óxido nitroso (N2O) y halocarbonos. Dichas fórmulas permiten 
calcular el RF global de dichos gases con relación a sus concentraciones preindustriales (1750 A.D.), así 
como estimar la contribución de México al RF global por sus emisiones de CO2 (el principal AGG), CH4 y 
N2O durante el periodo 1990-2011, las cuales son reportadas en el Inventario Nacional de Emisiones de Gases 
de Efecto Invernadero (INEGEI) (INECC, 2013). En comparación, las emisiones per cápita de Argentina, 
España y Estados Unidos para 2010 representan el 108.8, 110.8 y 327.0% de las de México, respectivamente, 
en unidades de CO2 equivalente. Las emisiones de CO2 de México retenidas en la atmósfera de 1990 a 2011 
son de 4 624 457 Gg, mayores que las de España y Argentina juntas, y 1/12 de las de Estados Unidos. La 
contribución de México es el 1.47% del RF global debido a CO2, con una proporción similar para España y 
Argentina, pero representa una fracción más pequeña que la de Estados Unidos (1/15). Las principales incer-
tidumbres de nuestros cálculos sobre la contribución de México al RF global provienen de incertidumbres 
en las emisiones nacionales: el INEGEI indica que en 2010 las emisiones consideradas para el cálculo de 
incertidumbres representan 89% de las emisiones totales del inventario, lo cual produce una incertidumbre 
total de ±5.6%. Somos conscientes de que, a consecuencia de lo anterior, el incremento en la concentración 
de CH4 y N2O debido a las emisiones de México retenidas en la atmósfera (durante el periodo 1990-2011) 
resultó menor que las respectivas incertidumbres en las concentraciones mundiales hasta 2011: 1.72 vs. 
2 ppbv y 0.13 vs. 1 ppbv.

ABSTRACT

in anthropogenic greenhouse gases (AGG): carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and 
halocarbons. These formulas allow to compute the global RF of these gases relative to their pre-industrial 
(1750 A.D.) concentrations, and are used in this work to estimate the contribution of Mexico to the global RF 
by its emissions of CO2 4 and N2O during the period 1990-2011, which 
are reported in the Inventario Nacional de Emisiones de Gases de Efecto Invernadero (National Inventory of 
Greenhouse Gases Emissions, INEGEI) (INECC, 2013). In comparison, by 2010 the national emissions per 
capita of Argentina, Spain and the United States were 108.8, 110.8 and 327.0% of the Mexican emissions, 
respectively, in units of equivalent CO2. Mexico’s CO2 emissions retained in the atmosphere during 1990-2011 
amount to 4 624 457 Gg; they are higher than those of Spain and Argentina together, and represent 1/12 of the 
USA contribution. Mexico’s contribution is 1.47% of the global RF due to CO2, with a similar proportion than 
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6SDLQ�DQG�$UJHQWLQD��EXW�D�VPDOOHU�IUDFWLRQ�FRPSDUHG�WR�WKDW�RI�WKH�86$���������The main uncertainties 
RI�RXU�FRPSXWDWLRQV�IRU�0H[LFR¶V�FRQWULEXWLRQ�WR�WKH�JOREDO�5)�FRPH�IURP�QDWLRQDO�HPLVVLRQV��WKH�
,1(*(,�LQGLFDWHV�WKDW�WKH�HPLVVLRQV�FRQVLGHUHG�IRU�WKH�FDOFXODWLRQ�RI�XQFHUWDLQWLHV�UHSUHVHQW�����
RI�WKH�WRWDO�HPLVVLRQV�RI�WKH�LQYHQWRU\��UHVXOWLQJ�LQ�D�WRWDO�XQFHUWDLQW\�RI��������:H�DUH�DZDUH�WKDW��
as a consequence, the concentration increase of CH4 and N2O due to Mexico’s emissions retained 
in the atmosphere during 1990-2011 is lower than their respective uncertainties for global concen-
WUDWLRQV�������YV����SSEY�DQG������YV����SSEY�

Keywords: Anthropogenic greenhouse gases, global radiative forcing, contribution of Mexico.

1. Introduction

Atmospheric CO2 represents the main atmospheric 
phase of the global carbon cycle and it is the most 
important of the three anthropogenic greenhouse 
JDVHV� �$**�� VWXGLHG� LQ� WKLV�ZRUN� �ZKLFK� DUH� DOVR�
called emissions). This gas has a variable lifetime 
LQ�WKH�DWPRVSKHUH�WKDW�FDQQRW�EH�SUHFLVHO\�VSHFL¿HG��
³:LWKLQ�VHYHUDO�GHFDGHV�RI�&22 emissions, about a 
third to half of an initial pulse of anthropogenic CO2 
goes into the land and ocean, while the rest stays in 
WKH�DWPRVSKHUH� �%R[������)LJXUH��D���:LWKLQ�D� IHZ�
centuries, most of the anthropogenic CO2 will be 
in the form of additional dissolved inorganic carbon in 
the ocean, thereby decreasing ocean pH (Box 6.1, 
)LJXUH��E�´��&LDLV�gv"cn0, 2013). As a result, the atmo-
spheric CO2�DGMXVWPHQW� WLPH�VFDOHV�DUH�����2 years 
GXH�WR�ODQG�XSWDNH�E\�SKRWRV\QWKHVLV�UHVSLUDWLRQ�DQG�
10-103 years due to reduced seawater buffer capacity as 
a result of ocean invasion by CO2 (Ciais gv"cn0, 2013).

There is a difference between the increase of CO2 
in the global atmosphere and the global anthropogenic 
emissions. During 2000-2009 the global atmospheric 
CO2 amount had an average annual increase (evaluated 
LQ�FDUERQ��RI�����������3J&�\U���3J&�Ł���15 grams of 
carbon) (IPCC, 2013); whilst the emissions from fos-
VLO�IXHO�FRPEXVWLRQ�DQG�FHPHQW�ZRUNV��������������DV�
well as land use change (1.1 ± 0.8), sum up the higher 
DPRXQW�RI�����������3J&�\U��7KHUHIRUH��ZH�FDOFXODWHG�
that only a decimal fraction (0.45 ± 0.20) of anthro-
pogenic CO2 remains in the atmosphere. On the other 
KDQG������������3J&�\U�ZHUH�DEVRUEHG�E\�WKH�RFHDQ�DQG�
����������3J&�\U�E\�FRQWLQHQWDO�ELRPDVV��ZKLFK�VXP�XS�
����������3J&�\U�DQG�UHSUHVHQW�WKH�������������GHFLPDO�
fraction that was removed from the atmosphere (IPCC, 
������)LJXUH������

Tropospheric CH4 has a lifetime of ~10 years 
GXH�WR�D�PDMRU� ORVV�UHVXOWLQJ�IURP�WKH�FKHPLFDO�UH-
DFWLRQ�ZLWK�WKH�K\GUR[\O��2+��UDGLFDO��LWV�PDLQ�VLQN� 

UHSUHVHQWLQJ���������ZKLFK�SURGXFHV�&+3 and H2O, 
DQG�WZR�PLQRU�ORVVHV��VRLO�VLQNLQJ������DQG�FKHPLFDO�
UHDFWLRQV�LQ�WKH�VWUDWRVSKHUH���������7KH�QHW�LPEDODQFH�
of the CH4 emissions of +22 TgCH4�\U���7J&+4�Ł���12 

grams of CH4��LV������RI�WKH�WRWDO�JOREDO�HPLVVLRQV�
of this gas (598 TgCH4�\U���,3&&��������7DEOH�������

Tropospheric N22�VLQNV��ZKLFK�FRQVLVW� LQ�SKR-
to-dissociation and reactions with electronically 
excited oxygen atoms in the stratosphere, lead to a 
lifetime of ~120 years for the N2O molecule, whose 
amount in the atmosphere is reduced annually by both 
VLQNV�IURP������WR�����7J1�\U����7J1�Ł���12 grams of 
1���L�H���������RI�WKH�WRWDO�HPLVVLRQV�UHPDLQV�DV�LP-
balanced in the atmosphere (IPCC, 2001; Table 4.4).

According to Myhre gv"cn0 (2013), the radiative 
IRUFLQJ��5)���FRQVLGHULQJ�VKRUW�DQG�ORQJZDYH�UDGL-
DWLRQ��LV�GH¿QHG�DV�WKH�LQVWDQWDQHRXV�FKDQJH�LQ�WKH�
QHW�UDGLDWLYH�ÀX[��GRZQZDUG�PLQXV�XSZDUG��DW�WKH�
tropopause (top of the troposphere), maintaining 
¿[HG�WKH�VKRUWZDYH�UDGLDWLRQ��WKHUHIRUH��WKHUH�LV�DQ�
LPEDODQFH�LQ�WKH�ORQJZDYH�ÀX[��7KH�5)�ZDV�SUHYL-
ously called initial radiative perturbation (Garduño 
DQG�$GHP���������,Q�WKH�SUHVHQW�ZRUN��5)�LV�GXH�WR�
the increase of the AGG.

Myhre et al�� ������� UHSRUW� VHYHUDO�5)� YDOXHV�
(including some that are not due to the increase of 
$**���DOO�RI�WKHP�FRPSXWHG�EHWZHHQ�������GXULQJ�
WKH�SUH�LQGXVWULDO�HUD��DQG�������*LYHQ�WKDW�WKH�PDMRU�
AGG are well mixed in the atmosphere, it is assumed 
that their respective concentrations, as well as their 
increases, are spatially homogeneous. But the contri-
bution per country to this increment (as a consequence 
of its domestic emissions) is unequal; therefore, its 
FRQWULEXWLRQ�WR�WKH�FRUUHVSRQGLQJ�5)�E\�HDFK�RQH�RI�
WKH�$**�LQFUHDVH�LV�DOVR�XQHTXDO��,Q�WKLV�ZRUN��ZH�
FRPSXWH�WKH�FRQWULEXWLRQV�RI�0H[LFR�WR�WKH�JOREDO�5)�
by CO2, CH4 and N2O and compare them with those of 
Spain, Argentina and the USA based on the retention 
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of these gases in the atmosphere during a period of 22 
years (1990-2011). Clearly, emissions are equal to the 
VXP�RI�VLQNV�SOXV�DWPRVSKHULF�UHWHQWLRQV��DOVR�UHIHUUHG�
LQ�WKLV�ZRUN�DV�UHWDLQHG�HPLVVLRQV��

2. Relation between the emitted mass and the 

global volume-mixing ratio of gases

According to the Amagat Law (Lee and Sears, 1962), 
the volume fraction (ぬk) of the k-th component of dry 
air, which is considered as a homogeneous mixture of 
ideal gases, can be expressed in terms of its mixing 
ratio (rk = mk���md) as:
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=χ  (1)

where mk is the mass of gas k in the whole atmo-
sphere and md is the total mass of the atmosphere 
(assuming it as dry air) with a value of 5.13 × 1021 g 
(given by Trenberth and Smith [2005] based on the 
atmosphere weight computed as the total surface 
area of the Earth multiplied by the surface pressure). 
Explicitly, mk stands for the total emissions of the gas 
from all countries during a certain period (in this case 
1990-2011), added to its mass at the beginning of 
the period (1990). The contributions of each country 
are given in its respective national inventory. Md = 
������J�PRO�DQG�Mk are the molecular weights of the 
dry air and of the k-th component, respectively. ぬk in 
Eq. (1) is given in parts per million by volume (ppmv) 
for CO2 and in parts per billion by volume (ppbv) for 
CH4 and N2O. Given that the molecular weights of 
CO2, CH4 and N22�DUH��������������DQG�������J�PRO� 
respectively, we can establish from Eq. (1) the fol-
lowing correspondences:

ON of ppbv 128.2PgN 1

CH of ppbv 351.7PgCH 1

CO of ppmv 0.128PgCO 1
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44
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→
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→
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The use of equivalencies in Eq. (2) for AGG 
assumes that these gases, cumulated during a cer-
tain period and retained in the atmosphere are well 
mixed. However, the three main AGG may have an 
annual cycle and a horizontal gradient because they 
are emitted mainly in cities and industrial areas, but 

given that the period considered for the retained 
fraction of these gases in the atmosphere is 22 years 
(1990-2011), we can reasonably assume that they 
have been well mixed in the atmosphere.

3. The Mexican AGG emissions

$Q�$**� LQYHQWRU\� LV� XVXDOO\� WKH�¿UVW� VWHS� WDNHQ�
by a country to determine the amount and trend of 
AGG, in order to establish an appropriate agenda to 
reduce its emissions and to stop global warming. The 
Inventario Nacional de Gases de Efecto Invernadero 
(National Inventory of AGG Emissions, INEGEI) 
from Mexico (INECC, 2013, hereafter referred as 
INEGEI) covers a 21-yr period from 1990 to 2010. 
*LYHQ�WKDW�LW�KDV�VSHFL¿F�LQIRUPDWLRQ�IRU�HDFK�W\SH�
of emission source (industry, homes, vehicles, etc.) 
at a municipal level, the INEGEI was prepared based 
RQ�WKH�ERWWRP�XS�PHWKRGRORJ\��5DPtUH]��������LQ�
WKH�PDMRULW\�RI� VHFWRUV��7KLV�NLQG�RI�PHWKRGRORJ\�
can accumulate large uncertainties in the estimation 
of totals for each sector, especially if the inventory 
is highly detailded (as TIER3 [Cruz, 2015]). The 
,1(*(,�UHSRUWV�D�WRWDO�XQFHUWDLQW\�RI�������

The emissions of the three main AGG (CO2, CH4 
and N2O) shown in the INEGEI series have been 
practically stabilized in the last two years. Therefore, 
in order to quantify the contribution of Mexico to the 
JOREDO�5)�E\� WKHVH� HPLVVLRQV� LQ� WKH�SHULRG������
2011, we add one year to those series, assuming that 
emissions for 2011 were the same as in 2010. Thus, 
in this 22-yr period, the accumulative Mexican AGG 
JURVV�HPLVVLRQV��EHIRUH�LWV�RZQ�VLQNV���UHVXOW�LQ����
��������*J�RI�&22, 131 830 Gg of CH4 and 4296 
Gg of N2O.

$FFRUGLQJ�WR�WKH�,1(*(,��GXULQJ������a������
of the CO2 emissions came from burning fossil 
IXHO��PDLQO\�E\�WKH�HQHUJ\�LQGXVWU\��:LWK�UHVSHFW�WR�
CH4��a������ZDV�RULJLQDWHG�E\�IXJLWLYH�HPLVVLRQV��
largely due to the extraction of oil, coal and natural 
gas (this value is an uncertainty in itself, due to the 
HPLVVLRQV�QDWXUH���DQG�a������ZDV�DWWULEXWDEOH� WR�
OLYHVWRFN�HQWHULF�IHUPHQWDWLRQ��2WKHU�DXWKRUV�IRXQG�
somewhat higher percentages of this last origin: 
�������*RQ]iOH]�DQG�5XL]�6XiUH]��������DQG�������
(Castelán-Ortega gv"cn0, 2014). In the case of N2O, 
������RI� WKH� HPLVVLRQV�FRUUHVSRQG� WR� DJULFXOWXUDO�
activity, mainly soil management.

Concerning the global balance, we assume that for 
Mexico (as for the rest of the world), due to global 
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VLQNV��ZKLFK�DUH�WKH�VXP�RI�HDFK�FRXQWU\¶V�RZQ�VLQNV�
SOXV�VLQNV�QRW�SHUWDLQLQJ�WR�DQ\�FRXQWU\��RI�WKHVH�PDLQ�
$**��LQ�D�VXI¿FLHQWO\�ORQJ�SHULRG�DV����\HDUV��RQO\�
�����������DQG�������RI�WKH�HPLVVLRQV�RI�&22, CH4 
and N2O, respectively, are retained (and distributed 
homogeneously) in the atmosphere. The complement 
RI�WKHVH�UHWHQWLRQV�LV�WKHLU�VLQNV��WKH�RFHDQ�EHLQJ�WKH�
PDLQ�RQH��1HYHUWKHOHVV��EHIRUH������WKH�RFHDQ�ZDV�
rather a source of carbon; namely, an emission of 
�����PLQXV�DQ�DEVRUSWLRQ�RI������\LHOGV�����3J&�\U�
During the period 2000-2009 the ocean absorbed 20 
DQG�HPLWWHG������3J&�\U��UHVXOWLQJ�LQ�D�QHW�VLQN�RI�
����������3J&�\U��&RPELQLQJ�WKH�SUH�LQGXVWULDO�DQG�
industrial (present) eras, we realize that the ocean 
LV�D�QHW�VLQN�RI�FDUERQ��SURYLGLQJ� WKDW� �LQ�3J&�\U� 
��������������±����������� �±�����,3&&��������)LJXUH�
6.1). Therefore, during the period 1990-2011 Mexico 
contributed to the global retention of the main AGG 
ZLWK�����������*J�RI�&22��������*J�RI�&+4, and 
����*J�RI�122��7DNLQJ�LQWR�DFFRXQW�WKH�HTXLYDOHQFHV�
given in Eq. (2), we can estimate the corresponding 
concentration increases due to the emissions of a 
���\U�SHULRG�������SSPY�������SSEY��DQG������SSEY��

4. Contribution of Mexico to the global radiative 

forcing

According to Myhre gv"cn0 (2013), by 2011 the global 
atmospheric concentrations of CO2, CH4 and N2O 
reached 391 ± 0.2 ppmv, 1803 ± 2 ppbv, and 324 ± 
��SSEY��UHVSHFWLYHO\��DQG�WKH�FRUUHVSRQGLQJ�5)�GXH�
to these AGG increases relative to pre-industrial 
YDOXHV�ZHUH�RI���������������������������DQG������
�������:P±�, respectively. The IPCC (1990) gives 
VLPSOL¿HG�IRUPXODV�WR�FRPSXWH�WKH�5)V�IURP�:LJ-
OH\��������ZLWK�FRHI¿FLHQWV�RI�+DQVHQ�gv"cn0 (1988) 
improved by Myhre gv"cn0 (1998). These formulas 
DQG�FRHI¿FLHQWV�DUH�

)RU�&22:

ln35.5
0

⎟
⎠
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⎜
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Being 〉H�WKH�5)�LQ�:P±�, C, M, and N are the 
atmospheric concentrations for 2011 of CO2, CH4, 
and N2O, respectively; and C0� �����SSPY��M0� �����
ppbv, and N0  �����SSEY�DUH�WKH�FRUUHVSRQGLQJ�SUH�LQ-
dustrial values. Myhre gv"cn0 (1998) determined that 
WKH�XQFHUWDLQWLHV�RI�WKH�FRHI¿FLHQWV�LQ�(TV�����������DQG�
����DUH�������DQG�����UHVSHFWLYHO\��7KH�ORJDULWKPLF�
form in Eq. (3) suggests that the lines in the main CO2 
absorption band of 15 μm are mainly saturated. The 
cross dependence between CH4 and N2O in Eqs. (4) 
and (5) may be due to the fact that the absorption bands 
of these gases are partially overlapped at ~8.5 μm. 
The semiempirical formulas in Eqs. (3) to (5) are well 
established simple functional expressions, whose 
results for well mixed AGG are cited in the IPCC 
(2001, 2013). Due to their excellent agreement with 
explicit radiative transfer calculations, we used these 
formulas to compute the contribution per country to 
WKH�JOREDO�5)�

+DQVHQ� ������� DQG� WKH� ,3&&� �������������GH-
¿QH�5)�DV�WKH�LQVWDQWDQHRXV�UDGLDWLYH�LPEDODQFH�DW�
the tropopause. The response of the troposphere is 
D�FKDQJH�LQ� WKH� ODSVH�UDWH��NHHSLQJ�WKH� WURSRSDXVH�
WHPSHUDWXUH�¿[HG��(TV������WR�����LPSOLFLWO\�LQFOXGH�
ZDWHU�YDSRU�ZLWK�LWV�FRQFHQWUDWLRQ�SULRU�WR�WKH�5)��LQ�
WKLV�SURFHVV�WKHUH�DUH�QR�IHHGEDFNV��DQG�LQ�SDUWLFXODU�
YDSRU�UHPDLQV�¿[HG�

:H�RQO\�HVWLPDWH�0H[LFR¶V�FRQWULEXWLRQ�WR�WKH�
JOREDO�5)�IRU�WKH�SHULRG�����������EHFDXVH�SULRU�
to 1990 there are no emissions inventories; so the 
values for this last year, denoted as 〉H,, E,. etc., 
DUH�QHFHVVDU\��7KHUHIRUH��IURP�(T������WKH�5)�IRU�
CO2 is:

355
0
⎟
⎠

⎞
⎜
⎝

⎛
=

∗

C

C
ln.F*Δ � ���

(TXLYDOHQW� H[SUHVVLRQV� WR�(T�� ���� IRU�&+4 and 
N2O can be obtained from Eqs. (4) and (5) using 
O, and P, instead of M and N��)URP�)LJXUHV������
����DQG�����RI�WKH�,3&&���������ZH�WDNH��IRU������� 
C* = 352 ppmv, M
� ������SSEY��DQG�N* = 308 ppbv.
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If Mexico’s emissions in 1990-2011 are excluded 
from the rest of the world, denoted by 〉H–, C–, etc., 
we have:

355 ⎟
⎠

⎞
⎜
⎝

⎛
=

−
−

C

C
ln.FΔ  (8)

Using Mexico’s contribution to the concentration 
increases of the three AGG (due to domestic emis-
sions) mentioned at the end of Section 3, we obtain (for 
2011): C ±� ����±������ ��������SSPY��ZKLOVW�IRU�&+4 
and N2O we obtain: M ±� ������±������ ���������SSEY 
and N ±� �����±������ ��������SSEY��UHVSHFWLYHO\�

7KH�SHUFHQWDJH�GLIIHUHQFH�RI�5)�EHWZHHQ������
and 2011 is:

%100%
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*

×
Δ

Δ−Δ
≡δ
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And without Mexican emissions:
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Therefore, the contribution of Mexico in absolute 
terms (percentage points) is given by:
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Δ
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And in relative terms by:

%100%100
%

%%
%

*
×

Δ−Δ

Δ−Δ
=×

δ

δ−δ
=

−

−

−

−

FF

FF
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$FFRUGLQJ� WR�(T�� ����� WKH�5)�RI�&22, CH4 and 
N22��EHWZHHQ������DQG������LQFUHDVHG������������DQG�
�������UHVSHFWLYHO\��H[FOXGLQJ�0H[LFR¶V�HPLVVLRQV�
and according to Eq. (10), these increases are of 43.9, 
����� DQG� ������� UHVSHFWLYHO\�� )URP�(T�� ������ WKH�
DEVROXWH�FRQWULEXWLRQV�RI�0H[LFR�DUH���F) of 0.64, 
0.14 and 0.32 percentage points, respectively, and 
DFFRUGLQJ�WR�(T��������LQ�UHODWLYH�WHUPV���d), they 
DUH�RI������������DQG��������UHVSHFWLYHO\��

5. The RF of Mexico in comparison to that of Ar-

gentina, Spain and the USA

)LJXUH�,,����RI�WKH�,1(*(,�VKRZV�$**�HPLVVLRQV�
�VSHFL¿FDOO\�&22) and the gross domestic product 
(GDP), both for 2009 and per capita, for a set of 36 
countries. A certain direct correlation is observed in 
WKLV�¿JXUH��FDOOHG�E\�XV�PDLQ�VHTXHQFH��$FFRUGLQJ�

to this, countries with greater GDP (with the excep-
tion of the United Arab Emirates) produce greater 
AGG emissions; the retained fractions of these gases 
increased their concentrations in the atmosphere, 
DQG�FRQVHTXHQWO\�WKH�UHVXOWLQJ�5)��:LWKLQ�WKH�PDLQ�
sequence, Mexico and the world average are at the 
bottom of the set with similar values, while the USA 
is at the top. Considering only the GDP, Spain is 
midway between Mexico and the USA, and Argen-
tina is between Mexico and Spain. Thus we selected 
these three countries to compare their emissions and 
FRQWULEXWLRQV�WR�WKH�JOREDO�5)�ZLWK�WKRVH�RI�0H[LFR��

,Q� UHVSRQVH� WR� WKH�8QLWHG�1DWLRQV�)UDPHZRUN�
Convention on Climate Change (UN, 1992), these 
countries, including Mexico, elaborated their national 
inventories of emissions of AGG based on the year 
1990, as proposed by the IPCC (1990). Spain reports 
its annual emissions from 1990 to 2012 (Santamarta 
and Higueras, 2013), with a total uncertainty of 
��������'*&($01���������$UJHQWLQD�UHSRUWV�LWV�
emissions for periods of four years, covering only 
WKH�¿UVW�KDOI�RI�WKH�SHULRG������������������������
�����DQG�������)XQGDFLyQ�%DULORFKH���������ZLWK�
XQFHUWDLQWLHV�EHWZHHQ������DQG�������LQ������IRU�
the sectors with highest emissions. The four annual 
YDOXHV�UHSRUWHG�E\�$UJHQWLQD�IRU�HDFK�JDV�DUH�DGMXVWHG�
quite well to a logarithmic trend curve and a linear 
trend; we used the logarithmic (with correlations of 
1.0, 0.96 and 0.92 for CO2, CH4 and N2O, respective-
ly) to determine the annual emission values of the 
whole period. This curve provides a more moderate 
increase in emissions over the 22-yr period (1990-
2011) than the linear trend and a better correlation. 
The USA provides a table with emission values for 
six years: 1990, 2005, 2008, 2009, 2010 and 2011, 
and a histogram with annual emission values from 
�����WR�������)URP�WKHVH�WDEOH�DQG�JUDSK�ZH�REWDLQHG�
cumulative emissions for each of the three gases 
over the 22-yr. period. The USA inventory is highly 
detailed, based on the EPA methodology, and some 
VHFWRUV�KDYH�WKH�7,(5��OHYHO��)RU�������XQFHUWDLQW\�
in CO2 emissions from fossil fuel combustion reaches 
D�PD[LPXP�RI��������ZKLOH�WKH�XQFHUWDLQW\�LQ�&+4 
emissions from enteric fermentation is somewhat 
ODUJHU��UHDFKLQJ�D�PD[LPXP�RI�������86(3$��������

By using the warming potential per molecule of each 
AGG, we compute that 1 Gg of CH4 is equivalent to 
21 Gg of CO2, whereas 1 Gg of N2O is equivalent 
to 310 Gg of CO2��:LWK�WKHVH�GDWD��ZH�DOVR�FRPSXWH�
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IRU� ����� WKH�SHU� FDSLWD� HPLVVLRQV� LQ� NLORJUDPV�RI�
equivalent CO2 for the four countries (Table I, third 
column). Table I also shows, for the period 1990-2011, 
the percentage of each country’s population compared 
to the world (second column); emissions retained in the 
atmosphere for the three AGG (fourth column), and the 
contribution (absolute and relative) of each country to 
WKH�JOREDO�5)��¿IWK�DQG�VL[WK�FROXPQV��UHVSHFWLYHO\��

National emissions of CH4 and N2O retained in 
the atmosphere from Argentina and Mexico are very 
VLPLODU��DV�ZHOO�DV�WKHLU�FRQWULEXWLRQV�WR�WKH�JOREDO�5)��
However, CO2 retained emissions from Argentina and 
WKHLU�FRQWULEXWLRQ�WR�WKH�JOREDO�5)�DUH�FRQVLGHUDEO\�
lower than those from Mexico and Spain.

Overall, the three AGG emissions per capita of 
Argentina, Spain and the USA represent 108.8, 110.8 
DQG��������RI� WKH�0H[LFDQ�RQHV�� UHVSHFWLYHO\�� LQ�
units of equivalent CO2. The CO2 emissions of the 
USA retained in the atmosphere are 12.1, 19.4 and 
45.0 times higher than those of Mexico, Spain and 
Argentina, respectively; and its relative contribution 
WR�WKH�JOREDO�5)�E\�WKLV�JDV��7DEOH�,��ODVW�FROXPQ��LV�
14.6, 23.6 and 55.0 times higher, respectively.

)LJXUH���VKRZV�WKH�*'3�SHU�FDSLWD�LQ�86'�WKRX-
VDQGV�REWDLQHG� IURP� WKH�:RUOG�%DQN� �KWWS���ZZZ�
ZRUOGEDQN�RUJ���� DV�ZHOO� DV� WKH�5)� IURP�&22 in 
10±���:P±� per capita for 2000 (note that the main 
sequence is for 2009), which represents the middle 
of the period 1990-2011 in which the atmospheric 
retained emissions of the AGG are measured for 
the whole world and the four countries (USA, Mex-
ico, Spain and Argentina). The GDP per capita in 
Mexico is 6.6 (in USD thousands), lower than the 
other countries, but somewhat greater than the world 
DYHUDJH��ZKLFK�LV������7KH�5)�SHU�FDSLWD�RI�0H[LFR�
LV������SRVLWLRQHG�EHWZHHQ�WKH�5)�RI�$UJHQWLQD�DQG�
Spain and practically equal to the world average, 
ZKLFK�LV������$GPLWWHGO\�� WKHVH�DQG�IRUPHU�¿JXUHV�
should have uncertainties, due to those found in the 
emissions inventories. The GDP data are only used 
as a socioeconomic context, given that our main 
interest is to compute Mexico’s contribution to the 
JOREDO�5)�E\�$**��DQG� WR�FRPSDUH� LWV�SHU�FDSLWD�
VKDUH�WR�WKRVH�RI�RWKHU�VLJQL¿FDQW�FRXQWULHV�DQG�ZLWK�
the world average.

6. Conclusions

Mexico contributed to the increase of the global 
emissions retained in the atmosphere during the 7D
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22-yr period from 1990 to 2011 with 0.59 ppmv 
������SSPY�GHFDGH��������SSEY�������SSEY�GHFDGH��
DQG������SSEY�������SSEY�GHFDGH��RI�&22, CH4 and 
N2O, respectively. 

National emissions of CH4 and N2O retained in 
the atmosphere from Argentina and Mexico are very 
VLPLODU��DV�ZHOO�DV�WKHLU�FRQWULEXWLRQV�WR�WKH�JOREDO�5)��
However, CO2 emissions from Argentina are much 
less than those from Mexico and Spain. 

The AGG emissions per capita of Argentina, 
6SDLQ�DQG�WKH�86$�DUH��������������DQG��������RI�
those of Mexico, respectively, in units of equivalent 
CO2. The CO2 emissions of the USA retained in the 
atmosphere are 12.1, 19.4 and 45.0 times higher than 
those of Mexico, Spain and Argentina, respectively; 
DQG�LWV�UHODWLYH�FRQWULEXWLRQ�WR�WKH�5)�E\�WKLV�JDV�LV��
in the same order, 14.6, 23.6 and 55.0 times higher. 

Mexico has a GDP per capita of 6600 USD, less 
than the other countries, but somewhat greater than 
WKH�ZRUOG�DYHUDJH�������86'���LWV�5)�SHU�FDSLWD�LV�
8.8 × 10±���:P±�, almost equal to the world average 
(9.3 × 10±���:P±���DQG�SRVLWLRQHG�EHWZHHQ�WKH�5)V�
of Argentina and Spain.

7KH�SDUDPHWHUV�RI�WKH�IRUPXODV�WR�FRPSXWH�WKH�5)�
from AGG concentrations have explicit uncertainties, 
as well as the emissions fractions retained in the at-
mosphere (IPCC, 2013). The main uncertainties in 

our estimations of Mexico’s contribution to the global 
5)�FRPH�IURP�QDWLRQDO�HPLVVLRQV��LQ�WKH�UHVSHFWLYH�
inventory, we can appreciate that some sectors are not 
WDNHQ�LQWR�DFFRXQW��(YHQ�WKRXJK�0H[LFR�KROGV�RQO\�
�����RI�WKH�ZRUOG�SRSXODWLRQ��WKH�FRQFHQWUDWLRQV�LQ-
crease of CH4 and N2O due to Mexico’s net emissions 
are similar to their respective global uncertainties: 
�����YV����SSEY�DQG������YV����SSEY��
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