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Abstract: An emergy-based environmental accounting of Mongolia is presented based on the
data from 1995 to 2012. By calculating natural and economic inputs and a series of emergy
indicators, this paper discusses Mongolia’s resource use structure, economic situation, trade
status and societal sustainability. The results show that the total emergy use for Mongolia
changed from 2.83x10% sej in 1995 to 4.96x10% sej in 2012, representing a 75% increase
over the 18 years of this study, yet its emergy per capita remains one of the lowest in the
world (1.74x10'° sej/capita). The emergy money ratio (EMR) of Mongolia during 1995-2012
decreased from 1.99x10" sej/USD to 7.75x10'? sej/USD, which indicates that the power of a
dollar for purchasing real wealth in Mongolia was declining, while the relatively high absolute
values compared to its trading partners and even the world average EMR suggests that
Mongolia is continuing a trade disadvantage. Mongolia’s emergy exchange ratio is increas-
ingly less than one to the point that in 2012 the ratio was 0.3 suggesting that the exported
emergy was over 3.3 times greater than the imported emergy. The growing dependence on
imports and the dramatic increase in exports suggests that Mongolia’s economy is increas-
ingly vulnerable to downturns in the world economy.
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1 Introduction

The country of Mongolia, lies in Central Asia, and without the benefit of a coastal location,
it has a strong continental climate, the result of being dominated by a region of high atmos-
pheric pressure throughout much of the year (Worden and Savada, 1989). The spatial distri-
bution of its climate transitions gradually from a semi-humid region in the north and east to
semi-arid, arid, and extremely arid regions in the south and west. The climate of Mongolia is
extremely variable and more than any other factor, has resulted in an environment dominated
by ecologically marginal areas, which are unsuited to agriculture. This, in turn, has gener-
ated a culture of nomadic pastoralism in response to the variability of the climate and mar-
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ginal ecosystems that permanent cropping or livestock grazing would soon deplete. Today
nearly one half of Mongolia’s population still depends on livestock production, which con-
tributes a little more than 20% of the country’s GDP (Vernooy, 2011).

Due to the fragile nature of its environment, Mongolia’s ecosystems are increasingly vul-
nerable to changes in climate and to human activity. The most important environmental is-
sues include increasing rangeland degradation, land desertification, soil acidification and
erosion, reduction in available water resources, and rapid decreases in forest resources (CIA,
2016). Farming and animal husbandry, particularly sheep and goat herding, are the tradi-
tional means of subsistence. However, emphasis on industrial and economic growth during
the last two decades has greatly affected this region, and brought an increasing pressure on
natural ecosystems. The ability to maintain a balance between economic growth and eco-
system stability, and thus foster long-term societal sustainability, has become a serious
challenge for the people of Mongolia.

In recent years, Mongolia has increased development of its mineral resources expecting to
gain significant economic and social benefits from expansion of the mining sector. With
significant deposits of metals (copper, gold, silver, copper, molybdenum, tungsten, tin,
nickel, zinc, and fluorspar) and energy (uranium, oil, and coal), Mongolia has increased its
export income six fold in the past decade from $1.1 billion in 2004 to $6.1 billion in 2014.
The top exports (monetary value) in 2014 as percentage of total value of exports, were cop-
per ore (42%), coal briquettes (14%), crude petroleum (11%) and iron ore (7%), (OEC, 2016).

Mongolia is a state in transition, from a country dominated by nomadic pastoralism to an
economy largely relying on the export of raw materials to international markets. The coun-
try's main exports are mined minerals, metals and fossil fuels (primarily coal) and secondar-
ily, livestock products (especially cashmere). Mongolia depends heavily on imports of ma-
chinery, fuels, industrial and consumer goods, and food products. Current estimates suggest
that the total monetary value of Mongolia’s mineral wealth is on the order of $1.3 to $2.75
trillion (ECSP, 2017). Investment in Mongolia’s mining sector has topped $14 billion in the
period 2008-2013 (Mungunzul and Chang, 2016), an amount equal to over 50% of Mongo-
lia’s GDP for those years.

With such unprecedented mineral wealth, the achievement of long-term national
well-being would seem to be possible. Yet learning from other developing economies, min-
eral wealth alone does not guarantee a sustainable future. While the monetary flows are im-
pressive and the future looks bright for continued investment and even larger export earn-
ings, understanding the real wealth of Mongolia and the difference between value in ex-
change (monetary value) and value in use (emergy value) may provide policy makers with a
better way of directing resources in beneficial ways.

The objectives of this paper are three fold, to evaluate: (1) the temporal changes of Mon-
golia’s resources use, imports and exports from 1995 to 2012; (2) economic efficiency and
trade status of Mongolia; (3) the sustainability of Mongolia system, and make suggestions
for its sustainable future on the basis of the emergy synthesis of the Mongolia’s environ-
mental and economic systems. In order to achieve these objectives, the main flows of energy,
materials and money passing through the boundaries of the region are quantified and stan-
dardized; the emergy flow of renewable resources, non-renewable resources, imports and
exports are calculated; a series of emergy indices of Mongolia, such as emergy dollar ratio
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(EDR), emergy-based resources productivity (ERP), emergy exchange ratio (EER), envi-
ronmental load ratio (ELR) and emergy yield ratio (EYR), are evaluated.

2 Materials and methods
2.1 Study area

Mongolia (87°44'-119°56'E, 41°35'-52°09'N, Figure 1) is a landlocked country situated in an
arid and semi-arid zone in Northeast Asia. It is bordered by Russia to the north and the Peo-
ple's Republic of China to the south, east and west. In total, Mongolia covers an area of
1.564 million km?” (CIA, 2016).

The geography of Mongolia is varied with the Gobi Desert to the south and with cold and
mountainous regions to the north and west, about 1130.523 thousand km” or 73.9% of the
territory is marginal agricultural land (of which 97.8% is meadows and pastures in 2012),
9.2% is forest land, 0.4% is surface water resources and about 0.3% is in urban areas (MSY,
1995-2012). Located in Central Asia, Mongolia is an upland country with 85% of its land
above 1000 m asl. Much of Mongolia’s grassland is located between 1000 m and 2500 m asl
(MSY, 1995-2012). Annual precipitation of Mongolia from the year of 2000 to 2004 was
165.9 mm (Batjargal, 1997). The average summer temperature in Ulaanbaatar, the capital of
Mongolia, is between +11°C and +25°C, while average winter temperature is between —30°C
and —15°C (WWO, 2016).
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Figure 1 Map of Mongolia

With a population of 2.85 million persons (2012), and a population density of 1.82 people
per square kilometer, Mongolia is one of the most sparsely populated countries in the world.
In earlier times the majority of the population practiced pastoralism, while in 2012, about
62.6% of the total population or 1.78 million persons lived in urban areas (MSY,
1995-2012).
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Currently, Mongolia’s economy is centered on agriculture and mining (coal, copper, mo-
lybdenum, fluorspar, tin, tungsten, and gold). The gross domestic product of Mongolia was
USS$ 6.4 billion in 2012, 21.1% of which was produced by the agriculture sector (MSY,
2009). In 2012, livestock comprised three-quarters of economic value-added agriculture
(meat, hide, wool, cashmere, dairy products), while crops made up the rest (wheat and
vegetables for domestic consumption). Industry accounted for around 59.8% of GDP, which
included mining and quarrying (the share of mining and quarrying industries in the total in-
dustrial sales reached 65.9%), processed wool, cashmere, leather, and food (mostly meat and
dairy products), and construction materials (MSY, 1995-2012). In recent years, Mongolia is
increasingly dependent on mined minerals and metals as well as fossil fuels for the bulk of
its export earnings (MSY, 1995-2012).

2.2 Data sources

Data sources for this research are from published yearbooks and internet data compilations,
such as Mongolian Statistical Yearbook (MSY, 1995-2012), the CIA Fact Book (CIA, 2016),
Food and Agricultural Organization (FAO Stat, 2016), United States Energy Information
Agency (EIA, 2016), United Nations Environmental Program (UNEP, 2016) and several
others. The majority of the data on Mongolian local resources production and consumption,
imports and exports was sourced from Mongolian Statistical Yearbook (MSY, 1995-2012).

2.3 Emergy analysis

An emergy analysis of Mongolia was conducted to characterize the flows of energy, re-
sources and services driving the system. In emergy analysis flows of energy, material, or
service in a system are transformed into common units of solar emergy (the units of which
are solar emjoules, abbreviated sej) by multiplying units of energy or mass by a unit emergy
value (UEV). UEVs are defined as the available energy of one form (usually solar) that is
required to produce a unit of another form (Odum, 1996). If the units produced are in joules
of available energy, then the UEV is called transformity. If the units produced are expressed
in mass, the UEV is called specific emergy. The units of each are as follows: transformity =
sej/J and specific emergy = sej/g. A third type of UEV is emergy per unit of currency, such
as dollars, in which case the units are sej/$.

2.3.1 Emergy baseline

Crucial to the method of emergy accounting are the main driving emergy flows of the geo-
biosphere to which all other flows are referenced. They form what is referred to as the geo-
biosphere emergy baseline (GEB) for the construction of tables of Unit Emergy Values
(UEVs) to be used in emergy evaluations. The three main sources of available energy that
form the GEB (Odum, 1996) are solar radiation received by Earth, tidal momentum created
by the earth-sun-moon system, and geothermal energy from deep within the earth.

Over the past several decades different baselines have been proposed and used by emergy
researchers, the result of incremental increases is useful in understanding of geobiosphere
processes and gaining more refined data. Most recently a baseline of 12.0 E24 sej y '
(Brown et al., 2016) has been proposed by several researchers working in tandem, but using
different approaches. The emergy baseline used in this analysis was 12.0 E24 se;j yf1 (Brown
et al., 2016). UEVs obtained from other sources (see below) were computed using other
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previous baselines. Conversion of UEVs produced with different baselines was done using
the ratio of the old baseline to the new baseline as follows:

Baseline of 9.44 E24 sej yfl was multiplied by 12.0/9.44,

Baseline of 15.83 E24 sej y ' was multiplied by 12.0/15.83

Baseline of 15.2 E24 sej y ' was multiplied by 12.0/15.2

2.3.2  Unit emergy values (UEVs)

In practice UEVs are computed from real processes that have been in operation for sufficient
time that they are likely to be operating at close to optimal performance. Ideally UEVs are
computed for each analysis, however time and resource constraints make this ideal difficult
to obtain. Instead, most emergy analyses (especially those as complex as an analysis of a
country with many input flows), rely on UEVs computed by others. Odum (1996), along
with others (Brown and Ulgiati, 1999; Tilley, 1999; Odum et al., 2000; Bastianoni et al.,
2005), have computed UEVs for a variety of products and services. Two databases, the Na-
tional Environmental Accounting Database (NEAD, 2016) and the Emergy Data Base
(Tilley et al., 2016) provide comprehensive lists of UEVs previously computed by others.
UEVS used in this study were obtained from these and other sources.

In addition to the above sources, we have used UEV’s for mineral resources from a new,
unpublished study (De Vilbiss and Brown, 2016) that was preformed for the USEPA. This
study developed UEVs for 102 minerals that are used in industry, construction, and agricul-
ture. The method used to compute the mineral UEVs and the resulting values depart signifi-
cantly from those previously published. Additionally, the UEV for rainfall and all subse-
quent global flows of water (i.e., river discharges), taken from this same publication, differ
in method of computation and the ultimate values from UEVs used in the past. As a result of
these differences in computations and final UEV values for minerals, rainfall, and river dis-
charges, the results of this national analysis are not easily compared to national analysis that
have been performed in the past.

The reliability of UEVs obtained from other sources was evaluated by contrasting values
from several sources where possible. If different sources differed significantly we choose to
take an average, or settled on a UEV that represented the majority of values from the litera-
ture. Of course, uncertainties are always present and are transferred from these previous
studies to the present study. Finally, as is well known, only the largest of the flows can sig-
nificantly affect the outcome, so through our investigation, we focused our attention on
those flows that represented the largest contributions to total emergy.

2.3.3 Environmental accounting

The biophysical basis for the Mongolia’s economy was derived by accounting for all the
flows of energy and materials that are consumed (both imported and obtained within Mon-
golia) and exported. Accounting tables were constructed for each year of the analysis
(1995-2012) and data in energy and mass units were obtained from published sources. All
data were converted to emergy using appropriate UEVs from the literature.

The renewable sources of energy to Mongolia were identified as solar radiation, the deep
heat of the earth, precipitation, and wind. Since there is potential to double count emergy
when accounting for renewable energy, special accounting procedures were adopted (de-
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veloped by Brown and Ulgiati, 2016b). To avoid double-counting of renewable emergy
sources the sum of solar radiation and deep heat was compared to the largest of the other
renewable inputs (precipitation) and the larger of those two values was taken as the renew-
able input (Figure 2).
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Figure 2 Aggregated national diagram from which emergy indices and ratios are computed

2.3.4 Emergy intensity indices

Intensity in the sciences refers to the quantity of something expressed in relation to some
other quantity. For instance, in physics, intensity is power transferred per unit area. In eco-
nomics, energy intensity is calculated as units of energy input per unit of GDP. In this study
we compute three different emergy intensities: 1) empower per capita (total annual emergy
use divided by population, 2) aerial empower intensity (total annual emergy use per unit
area), and 3) emergy money ratio (EMR: total annual emergy use per dollar of annual GDP)

2.3.5 Emergy performance indices

Several performance indicators were computed to compare year to year performance of the
Mongolia’s economy and to compare Mongolia with other countries. Referring to Figure 2,
the most important of these indices are as follows:

Environmental Loading Ratio — (Ng+*N+F+G+P,I) / R. The ELR is the ratio of the non-
renewable emergy used by the economy to the renewable emergy. Lower ELRs are better.

Export to Import Ratio — (Ny+Gg+PE) / (Fi+G+P,I). The export to import ratio is the ra-
tio of the emergy of exports to the emergy of imports. Values greater than 1.0 indicate
economies that export more emergy than they import.

Emergy Exchange Ratio — (Fi+G+P,l) / (Gg+N,+(I*EMR)). The emergy exchange ratio
(EER), a measure of trade efficiency, is the ratio of emergy received by the buyer, to the
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emergy given, in a trade or sales transaction. Ratios greater than 1 indicate positive trade
advantage, while ratios less than one indicate negative trade advantage.

3 Results and discussion
3.1 Systems diagram

Given in Figure 3 is a systems diagram of modern Mongolia showing the main driving ener-
gies, imports, exports and internal processes. The diagram is used as a means of inventory-
ing the main characteristics of the biophysical economy and also showing the main flows of
money received for exports and spent for imports. The internal circulation of money is not
included in the diagram, but each flow of energy or resource within the economy would
have an accompanying flow of money in the opposite direction.

The main renewable energy inputs are solar energy, winds, and precipitation. Also in-
cluded as a renewable source is the geologic input, here evaluated as geothermal exergy.
Non-renewable inputs purchased from outside include fuels and electricity, goods and ma-
chines, food, and services. To the left in the diagram are the ecological systems including
forests, steppes, desert grasslands, and the Gobi Desert. The most important sectors of
Mongolia’s economy are the pastoralists (nomads) and their cattle in the center of the dia-
gram, mining in the lower right, and industry, center left, not necessarily in the order of im-
portance. Nowadays urban areas have become increasingly important as the economy has
shifted away for pastoralism toward industrialization.

Mongolia’s main exports, shown flowing from the left to international markets, include
products from industrial output, agricultural commodities from the nomads and agriculture,
and coal, metals and minerals from the mining sector. These exports are shown with a
counter flow of money as income from their sale.
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Figure 3 Systems diagram of Mongolia showing the driving energies, exchanges of resources and money and
the main sectors of the economy
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3.2 Emergy analysis

Table 1 is an emergy accounting of Mongolia for the year 2008 as an example of the tables
constructed for each year of the study period. The table explains the main categories of en-
ergy and material flows that were aggregated to make the summary statistics for each of the
18 years of this study. Notes to Table 1 that provide a summary of calculation procedures

and sources for all data are given in Appendix A.

Table 1 Emergy evaluation of Mongolia (2008)

Note Item Raw units UEV (sej/unit)  Solar emergy (E20 sej)
Primary renewable sources
1 Solar radiation 6.10E+21 J 1 61.0
2 Earth Cycle, heat flow 1.87E+17 J 4900 9.2
Sum of primary sources 70.2
Secondary and tertiary renewable sources
3 Wind, kinetic energy 9.93E+18 J 800 79.4
4 Precipitation (Chem. Pot.) 1.13E+18 J 7000 79.3
5 Runoff geopotential 1.88E+17 J 12800 24.0
6 River, geopotential 0.00E+00 J 12800 0.0
7 River, chemical potential 0.00E+00 J 21300 0.0
Sum of items 4 and 5 103.3
Total renewable (largest of primary or 2nd and 3rd sources) 103.3
Indigenous renewable production:
8 Hydroelectricity 0.00E+00 J 2.54E+05 0.0
9 Agriculture production 1.05E+16 J 2.54E+05 26.8
10 Livestock production 6.24E+14 J 2.54E+06 15.8
11 Fisheries production 7.74E+11 J 2.54E+06 0.0
Nonrenewable sources from within system:
12 Fuelwood production 5.24E+15 J 1.87E+04 1.0
13 Forest extraction 1.53E+16 J 1.87E+04 2.9
14 Natural gas 0.00E+00 J 1.40E+05 0.0
15 0il 1.10E+16 J 1.40E+05 15.3
16 Coal 1.72E+17 J 5.21E+04 89.5
17 Minerals 6.10E+10 g 5.26E+08 0.3
18 Metals 1.84E+12 g 7.60E+07 1.4
19 Topsoil losses 9.62E+16 J 2.01E+04 19.3
20 Water (gd. water extraction) 5.58E+15 J 4.80E+04 2.7
Imports:
21 Fuels 4.10E+16 J 1.32E+05 54.1
22 Metals 7.43E+10 g 6.73E+07 0.1
23 Minerals 1.70E+13 g 4.75E+07 8.1
24 Electricity 8.68E+14 J 2.54E+05 2.2
25 Food & agriculture products 5.77E+15 J 4.28E+05 24.7
26 Livestock, meat, fish 8.93E+13 J 2.54E+06 2.3
27 Plastics & rubber 4.92E+14 J 1.32E+05 0.6

(To be continued on the next page)
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(Continued)
Note Item Raw units UEV(sej/unit)  Solar emergy (E20 sej)
28 Chemicals 7.53E+10 g 1.12E+10 8.5
29 Finished products 9.14E+11 g 3.66E+09 33.5
30 Mach.& trans equip. 7.52E+10 g 1.90E+10 14.3
31 Service in imports 3.24E+09 $ 1.27E+12 41.1
Exports:
32 Food & agriculture products 2.47E+14 J 2.54E+05 0.6
33 Livestock, meat, fish 3.66E+14 J 2.54E+06 9.3
34 Finished products 1.19E+11 g 3.79E+09 4.5
35 Fuels 1.27E+17 J 5.60E+04 71.3
36 Metals 7.82E+11 g 2.73E+08 2.1
37 Minerals 4.78E+10 g 1.00E+09 0.5
38 Chemicals 4.12E+09 g 1.12E+10 0.5
39 Electricity 3.64E+13 J 2.54E+05 0.1
40 Mach. & trans equip. 1.47E+09 g 1.44E+10 0.2
41 Plastics & rubber 2.40E+11 J 1.32E+05 0.0
42 Service in exports 2.53E+09 $ 8.52E+12 215.8

Footnotes to Table 1 are given in Appendix A

Table 2 summarizes the data in Table 1 by providing summaries of inputs and outputs ac-
cording to larger classifications of renewable, nonrenewable, goods, services etc. The letters
in the first column are keyed to the diagram in Figure 2.

Table 2 Summary of emergy and monetary flows for Mongolia (2008)

Variable Item Solar emergy * (E20 sej/y) Dollars

R Renewable sources (rain, tide, earth cycle) 103.3

N Nonrenewable resources from within country 1323

No Dispersed rural source 22.0

N; Concentrated use 110.4

N, Exported without use 73.9

Fi Imported fuels, minerals & electricity 64.4

Gy Imported goods 83.8

1 Money paid for imports ($US) 3.24E+09
P, Emergy of services in imported goods & fuels 41.1

E Money received for exports ($US) 2.53E+09
P,E Services in exports 215.8

G Exported emergy in goods 15.1

Fg Exported fuels, minerals & electricity 74.0

P, World emergy/$ ratio, used in imports 1.27E+12

P, Country emergy/$US ratio 8.52E+12

a. Data are summarized from Table 1
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The aggregated system diagram of Mongolia in 2008 provides an overview of the emergy
and money flows across system boundaries and the Gross Domestic Product (GDP), in the
central circular flow of money (Figure 4). The diagram summarizes the interaction of re-
newable and non-renewable resources within the system and the exchanges of emergy and
dollars that drive the system’s economy. Sources of emergy from outside that cross the sys-
tem boundary include: the renewable resources (R) (free environmental inputs), imported
fuels and minerals (F), goods (G) and the services embodied in these imports (P,I) (pur-
chased from economy outside the system). Sources of emergy derived from storages within
the country include: (Ng) (dispersed rural resources that are used faster than they are re-
newed such as soils or forest biomass harvested at unsustainable rates) and (N)
non-renewable resources (fossil fuels, metals and minerals). Exports from the system in-
clude: non-renewable resources (N;) that are exported without upgrading in the economy,
finished products (B), and services and labor (P,E) embodied in B.

Fuels

Minerals
Metals

I
F=64.4 G=83.8

Outside
Markets

P,=8.5 E12 sej/$
P,=1.3 B12 sej/$

Emergy Flows=E20 sej/y
Dollar Flows=E9 $/y

Figure 4 Aggregated diagram summarizing the quantities of emergy and money flowing into and out of the
Mongolia’s economy (Table 2 lists each of the pathways and their definition)

The aggregated systems diagram in Figure 4 was used to construct a number of indices of
emergy and monetary flows that are given in Table 3. Under the column labeled “expres-
sion” the equation of the flows used to compute the index is given.

In 2008 the renewable emergy inflows equaled 103.3x10* sej (note that to avoid double
counting the renewable inflows were computed as the sum of emergy of the chemical poten-
tial of precipitation utilized by plants (transpired) and the geopotential of the remaining pre-
cipitation that runs-off the landscape). Slowly renewable and non-renewable resources that
are from within Mongolia totaled 132.4x10% sej, while imports of fuels minerals and fin-
ished goods were 148.2x 10% sej. Overall, the total emergy driving the economy of Mongo-
lia in 2008 (the sum of the renewables [R], slow renewables [Ny] and non-renewables [N ]
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Table 3 Indices using emergy for overview of Mongolia (2008)

Item Name of index Expression Quantity
1 Renewable emergy flow R 1.03E+22
2 Nonrenewable resources from within the country N 1.32E+22
3 Flow of imported emergy (incl. services) FtGrtP,I 1.89E+22
4 Total emergy inflows (incl. services) R+F+Gr+P,lI 2.93E+22
5 Total emergy support, (U) (incl. services) R+Np+N+F+G+P,1 4.25E+22
6 Total emergy support, (Unop) (NOT incl. services) R+Ng+N+F+G; 3.84E+22
7 Exported emergy (NOT incl. services) Gg + Fg 8.91E+21
8 Exported emergy (incl. services) Gg + Fg+PE 3.05E+22
9 Percent emergy from home sources (No+N;+R)/U 55%

10 Imports minus exports (incl. services) (Fi+GrtP,I) — (Fe+Get+PE) —1.16E+22
11 Imports minus exports (NOT incl. services) (Fi+Gy) — (Fe +Gg) —8.91E+21
12 Balance of payments (Export$ — Import$) (E-1T) —7.06E+08
13 Export to imports ratio (incl. services) (FetGetPiE) / (Fi+G+Pal) 1.61

14 Export to imports ratio (NOT incl. services) (FetGg) / (Fi+Gy) 0.60

15 Percent of emergy locally renewable R/U 24.3%
16 Percent of emergy purchased (Fi+Grt+P,1)/U 45%

17 Percent of emergy as imported service P,1/U 10%

18 Percent of emergy that is free (R+Ny+N,;)/U 55%

19 Ratio of concentrated to rural (FrtGrP,I+N;)/(R+No) 2.39

22 Environmental loading ratio (ELR) (NotN+F+G+P,I) / R 3.11

23 Emergy yield ratio (EYR) (R+N¢+N+F) / (Pl +Gy) 2.40

24 Emergy sustainability index EYR/ELR 0.77

25 Ratio of emergy to GDP (EMR) P,=U/GDP 8.52E+12
26 Ratio of emergy to GDP (EMR, NOT including service) P,=Unmop/GDP 7.69E+12
20 Emergy per unit area, aerial empower Intensity U/(area m?) 2.72E+10
21 Emergy per person U/population 1.58E+16

a. letters refer to variable in Table 2 and Figure 2.

used from within the country, and the imports of fuels and minerals [F;] and finished goods
[G1]) equaled 383.9x10% sej. If the services of the imported fuels and goods are included
then the total emergy driving the economy in 2008 was 425.0x10* sej.

Mongolia’s emergy balance of payments (Table 3) was negative in 2008 as was its mone-
tary balance of payments (—7.06x10® USD). Often, especially in developed countries, a
negative monetary balance of payments is accompanied by a positive emergy balance of
payments which indicates that they are exporting finished products and importing raw re-
sources. The fact that in 2008 both the monetary and emergy balance of payments were
negative suggests that Mongolia’s economy is one that is highly subsidizing developed
countries with which it trades. The money received for raw resources exported is always
much less than their true value to the economic system that imports and uses them (Brown et
al., 2009; Brown and Ulgiati, 2011).

In 2008, the global average emergy use per capita was 5.22 x10'® sej/capita (NEAD,
2016), while Mongolia’s emergy per capita in that same year was 1.58 x 10" sej/capita (Ta-
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ble 3), suggesting that Mongolia is somewhat below world average. In that same year,
China’s emergy per capita was 3.1x10'® sej/capita (NEAD, 2016). Aerial empower intensity
of Mongolia was 2.7x10'" sej m 2 in 2008 (Table 3). Compared to the world average in 2008
(3.1x10" sej m *: NEAD, 2016), Mongolia’s overall emergy intensity is well below (2 order
of magnitude) the world average, highlighting the relatively small overall emergy economy
of the country. Mongolia’s emergy money ratio (EMR) in 2008 was 8.5x10'? sej/USD com-
pared to the world average of 2.7x10"* sej/USD indicates that Mongolia was at a relatively
high disadvantage when trading with other nations, exporting more resource wealth than it
imports, dollar for dollar.

3.3 Time series emergy accounting

An emergy accounting of each of the 16 years between 1995 and 2012 was conducted like
that shown in Table 1. Appendix B provides the summary data for each year, and Appendix
C provides the summary indices.

3.3.1 Emergy flows in Mongolia

Figure 5 shows total emergy input in Mongolia for the period 1995-2012. The total emergy
use (U) changed from 2.83x10* sej in 1995 to 4.96x10%* sej in 2012, resulting in a 75%
increase over the 16 years. The various components of emergy use changed as well. Figure 6
shows the change in percentage of total use of the components of the emergy budget be-
tween 1995 and 2012. Renewable emergy (R) was 39% of the total in 1995 but only com-
prised 23% in 2012. In like manner, local non-renewable emergy (No+N;) decreased from
41% in 1995 to 33% in 2012. Imported emergy flows (F;) increased slightly from 18% in
1995 to 21% in 2012. And imported goods (Gy) increased from 2% in 1995 to over 41% of
total emergy budget in 2012. These data suggest not only that Mongolia’s economy was
growing (75% in 16 years), but also an economy that is increasingly reliant on external
sources of energy, materials and information.

S.0E422- Total emergy used
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Figure 5 Total emergy used in the Mongolia’s economy during 1995-2012
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Figure 6 The change in emergy sources in Mongolia in 1995 and 2012
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3.3.2 Renewable resources and non-renewable resources derived within Mongolia

Renewable resources (R) of Mongolia were an important emergy input, fluctuating between
8.46x10%" sej yr ' and 1.49x10%* sej yr ' (Figure 7) during 1995 and 2012. The fluctuations
are due to changes in precipitation during the study period.

1.6E+22 - Renewable emergy input
1.4E+22

1.2E+22
1.0E+22
8.0E+21 -
6.0E+21 -
4.0E+21 -
2.0E+21
0.0E+00 4

Emergy (sej/yr)

1995 1997 1999 2001 2003 2005 2007 2009 2011
Year

Figure 7 Renewable emergy input to the Mongolia’s economy during 1995-2012

Figure 8 is a graph showing the time series of local non-renewable resources derived from
within Mongolia including “dispersed rural sources” (Ny: primarily soil loss), “concentrated
use” (Nj: fossil fuels and minerals) and “mineral and fossil fuels directly exported” (N»).
The total emergy of these local non-renewables increased from 1.1x10%* sej to 1.40x10* sej,
over the study period, resulting in a 38% increase (see Appendix B). While the emergy in
soil loss due to erosion decreased about 30% from 3.3x10*' sej yr ' to 2.2x10*' sej yr ', the
domestic use of fuels (mainly coal) and minerals increased nearly 50% from 7.9x10°" sej
yr ' to 1.2x10°* sej yr . The very large increase in fuel and mineral exports from 1.4x10%'
sej yrﬁ1 in 1995 to 3.6x10* sej yrfl, representing a 25 fold increase, shows the extent of
Mongolia’s involvement in providing resources to its trading partners.
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Figure 8 The total nonrenewable emergy used and exported in Mongolia during 1995-2012

3.3.3 Imports and exports

Figure 9 shows Mongolia’s monetary balance of payments. In the years between 1995, 1996
and 1997 Mongolia had a positive balance of payments. Beginning in 1998 and continuing to
2012 (with the exception of 2006) balance of payments were increasingly negative.

The graphs in Figure 10 depict the emergy of imports and exports including and not
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Figure 9 Mongolia’s monetary balance of payments during 1995-2012
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Figure 10 The emergy of imports and exports of Mongolia during 1995-2012
(a. Emergy of imports and exports including services; b. Emergy of imports and exports NOT including services)

including services to show the relative contribution that services make to import and export
emergy. In Figure 10a services are included in both imports and exports. The services of
exports were based on the emergy dollar ratio of Mongolia, while the emergy of services for
imports was based on a world average emergy dollar ratio. In Figure 10b, services are not
included. When services are included the emergy of Mongolia’s exports outweighed the
emergy of imports in every year of the study (Figure 10a). In the late 1990s exported emergy
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exceeded imported emergy by an average factor of 1.8 to 1 (i.e. on the average, exported
emergy was 1.8 times greater than imported emergy). In the period 2010 to 2012 exported
emergy not only exceeded imported emergy by an average of 2.8 to 1, but the magnitude of
exported emergy in 2012 was roughly 7 times the imported emergy in 1995. When services
are not included in export and import emergy (Figure 10b), a different pattern emerges. The
emergy of imported goods, fuels and minerals exceeds exported emergy from 1995 to 2008,
however, after 2008 exported emergy significantly increases, averaging about 2.3 times the
emergy in imports.

3.3.4 Emergy intensities

Shown in Figure 11 are several emergy intensities of Mongolia including emergy use per
person, aerial empower intensity and emergy money ratio. Emergy intensities were com-
puted by dividing total emergy use (U) by Mongolia’s population, area, and GDP respectively.

During the period 1995-2012, the population in Mongolia increased 24% from 2.32 mil-
lion to 2.88 million, and the emergy use per capita increased from 1.22x10'° sej/capita to
1.74x10'° sej/capita (Figure 10a), a 43% increase. World average emergy use per capita
during portions of this period was between 3x10' and 5x10' sej/capita (NEAD, 2016),
suggesting that Mongolia is somewhat below world average.

Aerial empower intensity of Mongolia (Figure 10b) fluctuated between 1.6x10' sej m 2,
and 2.1x10'" sej m* until 2005 when significant increases in total emergy use doubled aerial
empower intensity in 2012 to 3.2x10'" sej m 2. Compared to world averages during this
same period of time, they were two orders of magnitude higher (NEAD, 2016: country av-
erage = 5.4x10"% sej m * and median = 1.5x10'? sej m %). Mongolia’s lower aerial empower
intensity is characteristic of a country with a very modest level of development.
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Figure 11 Emergy intensity ratios of Mongolia during 1995-2012

(a. Emergy per capita; b. Aerial empower intensity; c. Emergy money ratio expressed in equivalent USDs)
Overall, the emergy money ratio (EMR) of Mongolia (Figure 11¢) during 1995-2012 de-

creased from 1.99x10" sej/USD to 7.75%x10" sej/USD, a 61% decline. However, the ratio

increased from 1995 to 1999 to over 3.0x10'? sej/USD, whereupon it declined almost every
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year until 2012. The decline in the EMR indicates that the power of the Mongolian currency
in purchasing real wealth is decreasing. In addition, the relatively high absolute values
compared to the world average in 2008 (2.7x10'? sej/USD) indicates that Mongolia is con-

sistently at a relatively high disadvantage when trading with other nations, exporting more
resource wealth than in imports, dollar for dollar.

3.3.5 Emergy indices of sustainability

We include three emergy indices (Figure 12) that when considered together provide a rela-
tive measure of Mongolia’s long-term sustainability. They include: 1) percentage of emergy

use that is locally renewable, 2) percentage of total use that is imported, and 3) percentage of
total use that is exported.
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Figure 12 Emergy indices of sustainability in Mongolia during 1995-2012 (a. Percentage of total use from local
renewable sources; b. Percentage of total emergy use that is imported; c. Percentage of total use that is exported)

Percentage of use locally renewable (%REN) — Mongolia had a relatively high percentage
of total emergy use that is locally renewable (Figure 12a). For the first 7 years of the study
period, until 2001 the percentage of use that was locally renewable was between 35% and
45%, after 2001 the percentage began to decrease (with the exception of 2003 which had
higher rainfall) to about 20% in 2012. By comparison, the global average for the countries in
the NEAD (2016) database in the year 2008 was 10% (median value = 5%). This large per-
centage of renewable sources is primarily harnessed and integrated into Mongolia’s econ-
omy through agriculture output.

Percentage of use imported (%IMP) — This index provides insight into the degree of de-
pendency of an economy on external sources. In the early years of the study period, Mongo-
lia’s dependency on imports was about 20% (Figure 12b). Over the years the percentage of
use that is imported has increased to the point that in 2012, Mongolia imported a little over
50% of total emergy use. In 2008, the global average for countries in the NEAD (2016) was
55% (median value=56%) suggesting that Mongolia in recent years is more or less about
average in terms of the percentage of use that is imported.

Percentage of use exported (%EXP) — This index relates exported emergy to the total
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emergy used in the economy. It shows the degree to which Mongolia is depleting its
non-renewable capital (Figure 12c). During the study period, the percentage of Mongolia’s
total emergy use that was exported increased substantially from about 5% to over 150%.
This suggests that in the last couple of years of the study period, Mongolia exported 1.5
times the emergy than it consumed internally and if this emergy could have been directed at
productive processes within the country, significant increases in overall economic produc-
tivity could have been realized.

3.3.6 Emergy performance indicators

Emergy exchange ratio (EER) — The EER is measure of trade efficiency, is the ratio of
emergy received by the buyer, to the emergy given, in a trade. Obviously, ratios greater than
1.0 indicate positive emergy balance of payments, in which a country receives more emergy
than is embodied in its exports. During the study period Mongolia’s EER was always less
than 1.0 (Figure 13a). In 1995 Mongolia’s EER was 0.7 and decreased steadily to 0.3 in
2012. In comparison with global averages Mongolia’s EER was in a relatively low position
in the available data, falling within the group of countries, i.e., Russia (0.26), China (0.43),
Chile (0.44), Australia (0.29), Argentina (0.39), Brazil (0.4) and Saudi Arabia (0.14), which
contributes large fluxes of real wealth to support growth in the global economies that receive
them (NEAD, 2016).
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Figure 13 Emergy performance indicators of Mongolia during 1995-2012
a. Environmental loading ratio, the ratio of non-renewable emergy use to renewable emergy use; b. Emergy ex-
change ratio, the ratio of imported emergy to exported emergy

Environmental loading ratio (ELR) — The ELR is a ratio of non-renewable and imported
emergy use to renewable emergy use (Odum 1996), it provides an indication of environ-
mental pressures from the perspective of the renewable capacity of the environment to sup-
port economic processes and human endeavors. A large ELR indicates highly-intensive
economic development and high environmental loads. In 2008, the average ELR for nations
of the world was 102.4, while the median value is 17.3 (NEAD, 2016).

Because the environmental loading ratio (ELR) is composed of both non-renewable and
renewable emergy inputs to an economy, differences in either of the variables result in
changes in the index. In general, we conclude that a low index results from either large re-
newable or relatively small non-renewable inputs. Since renewable flows are most generally
spatial in their input, larger countries tend to have larger total renewable inputs and therefore
the ratio can be lower by virtue of the fact that the renewable flows are larger. So two coun-
tries having the same non-renewable inputs but different area can have very different ELRs.

In light of the above, interpreting the ELR 1is not straightforward. Be that as it may, in
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general, we believe that countries with ratios less than 10 have relatively low environmental
load. This may be the result of a relatively small economy (Bolivia, Costa Rica, Guyana,
Suriname, Uruguay, or Zambia) or because of a large surface area that is not intensely de-
veloped (Argentina, Australia, Brazil, Canada, Russia). Further, we believe that countries
that have ELRs greater than 10 but less than 100 have moderate environmental load ... again
tempered by either large area (Chile, Denmark, Norway, United States) or moderate sized
economies (Botswana, Belize, Portugal, Venezuela). Finally, countries with ELRs greater
than 100 tend to be relatively small in surface area and intensely developed (Austria, Finland,
Italy, Israel, Germany).

The ELR of Mongolia (Figure 13b) remains relatively low having increased from 1.66 in
1995 to 4.15 in 2012. This would suggest that the overall pressure on Mongolia’s environ-
ment is low. However, obviously this is an average over the entire country. There maybe,
and surely are, numerous areas within Mongolia (urban centers, mining districts, etc) where
there are considerable environmental pressures. Mongolia’s relatively large land area (com-
pared to population and developed areas) could be equated with a high capacity to absorb
wastes, recycle by-products and provide other environmental services that are of fundamen-
tal importance to a sustainable development pattern.

4 Conclusions and suggestions
4.1 A word of caution

The findings in this national analysis cannot be compared to national analyses done for other
countries in the past by multiplying these results by a simple ratio of the two baselines, for
two reasons. First, the UEVs for minerals are significantly different from those used in the
past, which also translates into very different UEVs for the metals like steel, aluminum and
copper, etc. Second, we have used a UEV for rainfall that is almost 50% lower than the UEV
used by Odum (1996) and that is given in the Center for Environmental Policy, Folio 1
(Odum, 2000). The UEV used in the present study was taken from a publication by Brown
and Ulgiati (2016). Since rain and the emergy of geopotential (which is computed from rain)
are the most important renewable emergy inputs to Mongolia, the fact that their UEVs are
about 50% lower makes simple comparison with other national analyses problematic. Add
this difference to the different UEV’s for minerals and metals and a simple ratio of baselines
is obviously not appropriate.

4.2 Structure of Mongolia’s economy

The structure of Mongolia’s economy changed significantly during the 18-year period of this
study. While total emergy use (U) in Mongolia increased 75% from 1995 to 2012 (Figure 5)
its emergy per capita remains one of the lowest in the world (Figure 11). The percentage of
renewable decreased from 39% in 1995 to 23% in 2012 while imported goods and materials
increased from just 2% of total use to 23% (Figure 6). Imported fuels, minerals and electric-
ity increased slightly from 18% to 21% of total emergy use. During this same period exports
increased from 1.1x10% sej yr ' to 7.3x10% sej yr ', over a six fold increase in 18 years
(Figure 8). By 2012, exports were about 150% of total emergy use in the economy (Figure
12). All in all, the growing dependence on imports and the dramatic increase in exports sug-
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gests that Mongolia’s economy is increasingly vulnerable to downturns in the world economy.

In the early years of this study, Mongolia had relatively large emergy money ratios, in-
creasing each year until reaching a maximum of 3.0 x10" sej/$ then decreasing to about 7.8
x10'? sej/$ in 2012 (Figure 11). Since the world average EMR is much lower, and especially
developed economies which are significantly lower, Mongolia is at a trade disadvantage
with its currency, providing more emergy per transaction to trading partners than it receives.
This is highlighted in the annual emergy exchange ratio of Mongolia (Figure 13a) showing
consistent and increasing trade disadvantage over all years of this study. This can be inter-
preted as suggesting that far more resource wealth is exported from Mongolia than is re-
ceived in imports. In essence, Mongolia is supporting its trading partner’s economies at the
expense of its own economy.

4.3 Value added by emergy accounting

Standard economic national accounting treats the flows of resources as monetary flows.
Since monetary flows are counter current to resource flows, i.e., they flow in the opposite
direction from resource flows, emergy accounting provides an important perspective on the
picture of a nation’s balance of trade. In monetary terms, if a country exports more than it
imports (i.e. the monetary value of exports is greater than the money paid for imports), it is
said that the economy has a trade surplus, a positive, or “favorable” balance of trade. Con-
versely, if the cost of a country’s imports is greater than the money received for its exports, it
is said to be functioning with a trade deficit, a negative or “unfavorable” balance of trade.

On the other hand, from an emergy perspective, the opposite is true. If a country exports
more emergy than it imports, its emergy trade balance is negative. And, of course, if it im-
ports more emergy than it exports, its emergy trade balance is positive.

Often developed economies function with negative trade balance of payments monetarily,
but have a positive emergy balance. Under these circumstances, since resources are the true
driver of the economy, the net result can be a positive influence on the economy. For in-
stance, the USA has had a negative monetary balance of payments every year since 1976, in
both “good times” and “bad” (TradingEconomics, 2017) while maintaining an average an-
nual growth rate of 3.2% (TradingEconomics, 2017).

Developing economies, because they often export raw resources and import finished
products, frequently have a negative balance of trade in both monetary and emergy terms
(Brown, 2003; Brown et al.; 2009). This can be a twofold blow to the economy. First a
negative monetary balance of trade is generally financed through borrowing and thus the
economy is more unsustainable in the long run and burdened with high interest rates. Second,
the negative emergy trade balance means that resource capital stocks are being drawn down
and instead of driving the local economy and building infrastructure, resources are driving
their trading partner’s economy.

This is the case for Mongolia. For the majority of the 18 years included in this study its
monetary and emergy trade balances were negative (Figures 9 and 10), especially in 2010,
2011, and 2012. All in all, this twofold weakness becomes a major impediment to a healthy
economy. Resources are not building “value” and driving economic productivity, and the
money received from their sale is not sufficient to purchase needed imports, which generates
a continuing downward economic spiral.



1246 Journal of Geographical Sciences

The obvious solution is to stop exports, or raise the price of exports. However, neither of
these options is feasible. Thus a different strategy is necessary, one that recognizes the value
of resources as economic drivers. Optimally the best strategy would be one where compa-
nies that sign agreements to develop Mongolia’s mineral resources, provide the country with
the means of developing the resources themselves and eventually developing the industrial
capability to turn mineral resources into finished products. In this way the mineral wealth
drives the economy to a far greater extent than the goods that can be purchased with the ex-
port income.

Clearly, it is important to adjust the resource utilization structure of Mongolia’s economy.
As long as Mongolia exports its raw resources and imports finished goods and materials (in
2012, exported emergy was one and a half times the emergy budget of the country), it’s en-
ergetic economy will continue to suffer from a negative emergy trade balance, and the
well-being of the population as measured by emergy per capita will remain low. Keeping
resources within the economy and using them to make products for export will provide jobs,
and a major boost to the economy.

Often, developing countries caught in the downward economic spiral induced by double
trade deficits, devalue their currency in the hopes of turning things around. The “economic
rational” for currency devaluation is primarily to combat trade imbalances by boosting ex-
ports (since devaluation in relation to other currencies causes exports to become less expen-
sive) and reducing imports (since imports are more expensive). A second reason is that de-
valuation reduces the cost of interest payments on outstanding government debts. However
from an emergy perspective, devaluation only exacerbates the problems by increasing the
export of valuable resources and lowering the quantity of imported emergy, which ultimately
slows the economy. Devaluing the Mongolian currency should be avoided at all costs, since
a devalued currency makes resources less expensive in relation to other currencies and in-
creases exports supporting other nations rather than supporting the Mongolia’s economy.

Mongolia’s renewable emergy base is relatively low in comparison with other nations that
have moderate climates, abundant rain, and coastal locations. What it lacks in renewable
emergy it more than makes up for with non-renewable fuels (coal) and mineral wealth. Like
many developing economies with rich natural capital reserves, however, Mongolia is selling
its wealth and using the income to purchase more and more finished products. Unfortunately,
such a monetary policy may seem sound in the short run, but it is not sound energetic policy
in the long run. Resources should be turned into economic infrastructure (buildings, roads,
industrial capacity, etc.) within Mongolia, instead of in the countries with whom Mongolia
trades. With economic infrastructure, Mongolia can begin to capitalize on its mineral and
fuel wealth to develop a functioning economy. Without it, the country will remain poor, en-
ergetically, with one of the lowest per capita emergy use in the world.

The emergy perspective values resources not on their market value (referred to as “ex-
change value” by classical economists), but instead on their “use value”. In agreement with
many of the classical economists, emergy is a measure of the “real wealth” of resources. In
contrast, current economic thinking values resources on their exchange value, the result of
which is a serious under valuation. Raw resources bring the lowest exchange values while
finished products the highest. Developing countries like Mongolia which have relatively rich
mineral resources cannot possibly get ahead trading high emergy minerals for low emergy
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finished products. In every trade they lose emergy...their high emergy resources drive their
trading partner’s economy where they are turned into finished products and sold back to
them. The emergy perspective suggests policies that recognize this inherent inequity and a
method to compute balanced trade between nations that would go a long way in alleviating
the downward economic spiral and replace it with self-regenerating circle of economic pro-
gress.
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