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At invitation of United Nations Statistics Division 

(UNSD) and United Nations Environment 

Programme (UNEP), Mexico participates as pilot 

country beside Butan, Chile, Indonesia, Vietnam, 

South Africa and Mauricio in implementation of 

the System of Environmental-Economic 

Accounting and Experimental Ecosystem 

Accounting  (SEEA-EEA). 

As part of the implementation process of the 

Experimental Ecosystem Accounting in Mexico, 

UNSD beside INEGI developed the National Plan 

for the Advancement of Environmental and 

Economic Accounting 2015 (PN-ACAE, for it 

spanish acronym). In this one were linked already 

existing initiatives  of the Environmental 

Accounting in Mexico with the SEEA.  

 

In the National Plan were identified as priorities for the 

development of the ecosystem accounting the next 

accounts: 

¶ Water pilot accounts. 

¶ Land cover pilot accounts. 

¶ Biodiversity pilot accounts. 

¶ Study cases. 

¶ Assessment of viability of accounting for Carbon, 

ecosystem condition, as well as supply and use 

Source: http://www.aguascalientes.gob.mx/estado/resena.aspx 

Source: http://bdi.conabio.gob.mx/fotoweb/Grid.fwx 
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Construction process of environmental accounting begins  

registering the variables in physics units and ends with its 

monetary valuation. To do registering of physical 

information  is necessary to use spatial geographic 

information, from it is possible to extract statistics data 

which is going to be useful for generate tables that are part 

from the ecosystem accounting.  

In agreement with SEEA-EEA exist three basic spacial 

areas in the demarcation of ecosystems, each one of these 

works as an analysis unit. The first one is the Ecosystem 

Accounting Unit (EAU), which serves as a basic delimitation 

of an environment at macro level (for example a 

municipality). The next spatial analysis unit is Land Cover 

Ecosystem Unit (LCEU), which refers to especially cover 

and land use sortings (set of grids of the same color in 

Figure 1). At last, the most elemental unit  is called Basic 

Spatial Unit (BSU), and it is the result of the división of total 

analyisis area in grids. This is by data in raster format.  

Figure  1. Analysis units.  

In Mexico were used as inputs  

polygons in vectorial format, it allows 

performing calculations directly and get 

more precise results.  

Actually, use grids was replaced by polygons in 

vectorial format, which allows performing calculations 

directly and get more precise results than using raster 

data. That is the reason because of Mexico opted for 

the use of vectorial data.  
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The first of all accounts that it is constructed is Ecosystem 

Extent Account, which underpins the production of each 

one of the subsequent accounts. Furthermore, without this 

one it is impossible the measurement of flows services 

and the later economic valuation. The Extent Account 

consists on tables of LCEU extent for each EAU,  balance 

tables of changes of land and vegetation cover and  the 

matrix of changes in land and vegetation cover. 

Secondly, it is generated condition account, in this one is 

recordered the condition of the different ecosystem 

components, such as land, carbon, water and biodiversity. 

On the other hand, these accounts integrate the tables of 

tematics accounts identified as priority in the National 

Plan. For the register of land condition there are tables 

with types of soil and erosion tables. The vegetation 

successional phases (condition) are collected in tables of 

vegetation condition. In the matter of water, there are 

included tables of superficial and underground water 

quality. Biodiversity accounts integrate tables of species 

wealth, tables of species abundance and genetic diversity 

tables.   

This distinction between components remains on the third    

account, supply and use of services tables  (provisioning, 

regulation and cultural) of ecosystems in physical and 

monetary units. For these are performed valuation 

exercises through many methods, it depends on the type 

of services studied.  

The next figure shows the interrelation between accounts 

and ecosystem components in each one. 

Source: http://vivaaguascalientes.com/parque-ecologico-el-sabinal/ 
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Figure 2. Diagram of Experimental Ecosystem Accounting in Mexico.  
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Mexico has a territorial extension of 1,959,247.98 km
2  1

,  

with such a big diversity of ecosystems and species that  

put it on the 13th place of the World
2
, its diversity is the 

fourth more extensive in the World; in flora and fauna way 

Mexico is important too, due to at global level this country 

has the second place in reptiles diversity, the third in 

mammals diversity, the fifth place in amphibians and 

vascular plants, and finally, the 11th in birds variety
3
. 

Physiographic features as geology, topography, coastal 

and weather advantages a great variety of types of 

ecosystems on the country, such as shrubland 

(528,776.39 km
2
), agriculture land (310,178.89 km

2
), 

pastures  (274,269.49 km
2
), forest (222,294.11 km

2
), 

jungle (122,244.97 km
2
), water bodies (25,769.47 km

2
), 

urban areas (22,940.50 km
2
), and areas without 

vegetation (9,306.86 km
2
)
4
. All of that turns Mexico into 

one of the twelve magadiverse conuntries in the World, it 

refers to those countries which have almost 70% of all 

biodiversity in the World.   

1 INEGI (2005). México en cifras.  

2  INEGI (2015). Anuario estadístico y geográfico de los Estados Unidos Mexicanos 

2015.  

3 CONABIO (2009). Capital Natural de México. Síntesis. Conocimiento actual, 
evaluación y perspectivas de sustentabilidad.  
4 INEGI (2005). México en cifras.  

1.1 General overview of Mexico and State of Aguascalientes  

Source:  http://bdi.conabio.gob.mx/fotoweb/Grid.fwx 
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This text shows a first approach in the Mexican 

Ecosystem Accounting construction, through develope 

of a study case about Aguascalientes state. The 

methodology used for it is being employed it for the rest 

of the 31 mexican states too.  

The selection of this state to do the first test underpins 

in the accessibility and management of the information. 

Aguascalientes has a big quantity of information about  

all topics required for Ecosystem Accounting. 

Furthermore, its extent and administrative division  are 

suitable to show in detail the develope of Mexican 

Experimental Accounting. Some of criteria used in the 

selection of Aguascalientes as the first state are 

showed in the next table.  

Criteria of selection of Aguascalientes.  

Municipalities  11 

Biological diversitiy   988 species of flora and 609 

species of fauna 
5 

Ecosystemic diversity  4 grups of main vegetation: 

shrubland, forests (pine and 

encino), pastures, low  

caducifolia jungle. 

Table 1. Criteria of selection of Aguascalientes.  

5 SEMARNAT (2015). Compendio de Estadísticas Ambientales 2014. 

Source: Mapas Carreteras de México, Asientos. 

Source: https://www.mexicodesconocido.com.mx/feria-san-marcos-aguascalientes.html 
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Source: http://vivaaguascalientes.com/cerro-del-muerto/ 

2. ECOSYSTEM 

EXTENT ACCOUNT 
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LCEU extent measurements for each 

EAU, are recordered in the extensión 

tables for 2002 and 2011 years, which 

are the years studied in this document.   

For every account there is a 

municipality as example, in addition, 

there is statal information too
6
.  

In the case of Aguascalientes state 

there were developed 11 tables, each 

one belongs to each municipality in the 

state.  

In the next table there is the information 

about municipality Jesus María extent 

account, which has seven LCEU. 

 

2. ECOSYSTEM 

EXTENT ACCOUNT 
2.1 Extent tables 2002 -2011 

 

LCEU extent for Jesus Maria municipality.  

EAU Aguascalientes  

SEEA classification  (2002) (2011) 

Urban and associated developed areas  3.87 16.29 

Middle to big fields, rainfed herbaceous crops 57.59 63.25 

Middle to big fields, irrigated herbaceous crops  107.26 101.61 

Permanent crops, agricultural plantation NA NA 

Associations and agricultural mosaics NA   NA 

Pastures and natural grasslands 171.71 164.58 

Forest tree cover 150.88 146.13 

Shrubland, bushland, heathland 10.06 9.12 

Sparsely vegetated areas NA NA 

Mosaics and natural vegetation associations  NA  NA 

Barren land NA NA 

Permanent snow and glaciers  NA  NA 

Open wetlands  NA  NA 

Continental water bodies 3.62 4.01 

Coastal water bodies NA NA 

Sea  NA  NA 

Total  504.99 504.99 

Table 2.  Municipal extent table . 2002 and 2011.  

6 On the methodological document is shown information for 

all Aguascalienteôs municipalities.  

 

This document shows  

for every account a 

munic ipa l i t y  as  an 

example , in addition to 

statal information. 
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Graphic 1. Municipal LCEU extent. 2002.  Graphic 2. Municipal LCEU extent. 201 1 

Land cover has changed by the time, but this changes are 

reduced in percent terms. Just over a third of the 

municipality is covered by grasslands, another third percent 

is represented by forest tree cover. Around a fifth part of the 

municipality is coveraged by irrigated herbaceous crops, 

while, temporary agriculture coverage is between of 11% 

and 12% of Jesus Mar²aôs territory. In addition, urban areas 

were less than 1% in 2002, but incresed more than 3% in 

2011. The next graphics show LCEU percentage distribution 

in Jesus María for 2002 and 2011 years. These are followed 

for maps that represent land cover in the municipality. 
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INEGI (2012). Use and land cover Serie III, scale 1:250,000.  INEGI (2012). Use and land cover Serie V, scale 1:250,000.  
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Municipality of Jesus María  

DATA SHEET 

Map of use and land cover in accordance with 

INEGIôs classification, Serie III (2002ï 2005) and 

Serie V (2011-2013). 

Scale: 1:250,000 

Proyection: Albers Equal Area (datum ITRF92) 

Municipality: Jesus Maria 

State: Aguascalientes. 

Basic Spatial Unit (BSU): agriculture and induced 

pastures (25ha); vegetatives communities (50 ha); 

water bodies, islands, coastals, etc., consideraded 

with another criteria. 

(2002) 

(2011) 

Figure 3.  Municipal maps of land and vegetation cover .  Analysis units.  
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Middle to big fields, irrigated herbaceous crops  
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Continental water bodies 
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In the same way, it is 

possible to do the previous 

analysis at state level, we 

only have to add all 

municipalities information 

from the state. So, the state 

is going to be considered as 

EAU. 

Total Aguascalientes territory 

is about 5,615.67 km
2
, in 

which all joined crops 

predominate. But, in other 

hand, the proponderant 

natural ecosystem are 

pastures.  

In the next table there is the 

balance between records of 

2002 and 2011. This 

information is completed with 

the graphics on the next 

page.  

LCEU extent for Aguascalientes state (Km
2
) 

SEEA classification   2002 2011 

Urban and associated developed areas  111.52 175.14 

Crops  2,407.69 2,477.05 

Middle to big fields, rainfed herbaceous crops 1,179.90 1,219.55 

Middle to big fields, irrigated herbaceous crops  1,226.79 1,256.51 

Permanent crops, agricultural plantation 0.99 0.99 

Associations and agricultural mosaics NA NA 

Pastures and natural grasslands 1,405.01 1,321.40 

Forest tree cover 1,254.41 1,221.33 

Shrubland, bushland, heathland 393.36 373.73 

Sparsely vegetated areas NA NA 

Mosaics and natural vegetation associations  NA  NA 

Barren land NA 0.62 

Permanent snow and glaciers  NA  NA 

Open wetlands  NA  NA 

Continental water bodies 43.68 46.40 

Coastal water bodies  NA  NA 

Sea  NA  NA 

Total  5,615.67 5,615.67 

Previous measurement of area  5,615.67 5,615.67 

Total margen of error 0.00 0.00 

Table 3.  Table of LCEU state extent for the years of  2002 y 2011. 

In the same way, it is possible to do the 

previous analysis at state level, we only have to 

add all municipalities information from the state. So, 

the state is going to be considered as EAU.  
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Graphic 3. Estatal LCEU extent in 2002.  Graphic 4.  Estatal LCEU extent in 2011.  

Symbology  

Urban and associated developed areas  

Middle to big fields, rainfed herbaceous crops 

Middle to big fields, irrigated herbaceous crops  

Forest tree cover 

Continental water bodies 

Permanent crops, agricultural plantation 

Shrubland, bushland, heathland 

Pastures and natural grasslands 

Barren land 

Surface belonging to permanent crops almost 

remained the same since 2002 to 2011, being 

around 0.99%  in both series. 

The land cover that has been more affected in 

the period among 2002 and 2011 was that 

destined to middle to big fields, rainfed 

herbaceous crops, which lost about 2% with 

respect to the year of 2002, this is possible to 

appreciate it in the next graphics. 

INEGI (2012). Use and land cover Serie III, scale 1:250,000.  INEGI (2012). Use and land cover Serie V, scale 1:250,000.  
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El balance entre los registros de 2002 y 2011 se podrá observar con mayor detalle en la siguiente sección 

State of Aguascalientes  

DATA SHEET 

Map of use and land cover in accordance with 

INEGIôs classification, Serie III (2002ï 2005) 

and Serie V (2011-2013). 

Scale: 1:250 000 

Proyection: Albers Equal Area (datum ITRF92) 

State: Aguascalientes. 

Basic Spatial Unit (BSU): and induced pastures 

(25ha); vegetatives communities (50 ha); water 

bodies, islands, coastals, etc., consideraded 

with another criteria. 

(2002) 

(2011) 

Figure  4.  State maps of land and vegetation. cover  Analysis units.  

Forest tree cover 
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Pastures and natural grasslands 

Shrubland, bushland, heathland 

Urban and associated developed areas  

Continental water bodies 



 

 

16 

2.2 Tables of soil and vegetation cover changes  

Soil and vegetation cover tables 

indicate changes, increases and/

or decreases, of the different 

types of ecosystems in two 

moments in the time, as well as 

the general causes that 

originated them. In this pilot 

study are  presented changes 

between the years of 2002 and 

2011.  

The opening stock represents 

the extent of the ecosystems in 

the year of 2002, additions and 

reductions of the stock show the 

changes, by every action that 

originated them, at the end of the 

year, being at the closing stock 

where  is showed total extent in 

the year of 2011 for each 

ecosystem. 

As you can see, the increase of 

the stock of urban and 

associated developed areas was 

the unique controlated addition,  

whilst increase in water bodies 

Balance of land cover changes (Km
2
) 

  Urban and 
associated  

areas  
Crops  Pastures  

Forest tree 
cover  

Shrubland  Barren land  
Continental 

water 
bodies  

Stock 
opening   
resources 
(serie III)  

3.87 164.85 171.71 150.88 10.06 0.00 3.62 

Stock 
adittions  

              

Controlled 
expansion  

12.42 NS  NA NA  NA   NA  NA 

Natural 
expansion 

 NA NA  NA NA NA NA NA 

Revaluation 
at high 

 NA NA NA NA NA NA 0.39 

Total 
additions in 
stock 

12.42 NS NA NA NA NA 0.39 

Stock 
reductions  

              

Controlled 
regression 

 NA NA  NA NA NA NA NA 

Natural 
regression  

 NA NA  NA NA NA NA NA 

Revaluation 
at  down 

 NA NA  NA NA NA NA NA 

Total 
reductions in 
stock 

NS NA 7.12 4.75 0.94 NA NA 

Stock 
closing 
resources  
(serie V)  

16.29 164.86 164.58 146.13 9.12 0.00 4.01 

Table 4. Municipal balance table of soil and vegetation cover changes. 2002 

and 2011.  (Km
2
).  
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was because of a reclassification 

in the serie V (2011). 

Reductions occurred specially in 

pastures and forest tree cover, and 

in a less proportion in lands with 

shrubland. 

At state level, the dynamic of 

additions and reductions shows 

that urban areas, crops and barren 

land were expanded 133.61 

km
2
  and were revaluated 2.72 km

2
 

water bodies, while in other other 

hand, reductions were ocurred in 

pastures, forest tree cover and 

shrubland in the same period.  

Balance of soil cover changes (Km
2
) 

  

Urban and 
associated 

areas  
Crops  Pastures  

Forest tree 
cover  

Shrubland  
Barren 

land  

Continental 
water 

bodies  

Stock 
opening   
resources 
(serie III)  

111.52 2,407.69 1,405.01 1,254.41 393.36 0.00 43.68 

Stock 
adittions                

Controlled 
expansion  63.63 69.36  NA NA  NA  0.62 NA 

Natural 
expansion  NA NA  NA NA NA NA NA 

Revaluation 
at high  NA NA NA NA NA NA 2.72 

Total 
additions in 
stock 

63.63 69.36 NA NA NA 0.62 2.72 

Stock 
reductions                

Controlled 
regression  NA NA  NA NA NA NA NA 

Natural 
regression   NA NA  NA NA NA NA NA 

Revaluation 
at  down  NA NA  NA NA NA NA NA 

Total 
reductions in 
stock 

NA NA 83.62 33.08 19.63 NA NA 

Stock 
closing 
resources  
(serie V)  

175.14 2,477.05 1,321.40 1,221.33 373.73 0.62 46.40 

Table 5. State balance table of soil and vegetation cover changes . 2002 and 

2011. (Km
2
). 

Soil and vegetation 

cover tables indicate 

changes, increases and/or 

decreases, of the different 

types of ecosystems in two 

moments on the time, as 

well as general causes that 

originated them. 
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Source: http://www.pueblosmexico.com.mx/pueblo_mexico_ficha.php?id_rubrique=341 

In Aguascalientes predominates crops cover, 

being almost half of the state territory, and from 

2002 to 2011 were expanded in 2.88 percent. In 

2002, a quarter part of Aguascalientes territory 

were conformed by pastures, that ecosystem 

lost almost  6%  of its extent. In contrast, urban 

areas were expanded almost 60% from 2002  to 

2011.  The third largest ecosystem in the state 

is forest tree cover with around of 22% of total 

extent in the year of 2002, which was mainly 

located  in the municipalities of Calvillo and San 

Jose de Gracia.   

Nevertheless, in 2011 was a reduction of 

2.64% in its extent. Finally, shrubland are 

nearly 7% of the state territory and suffered 

a reduction around 5% for 2011.  

Althought balance tables introduce us to 

dynamic of land cover changes, a matrix of 

land and vegetation cover changes of the 

next section where it can be identified the 

Exchange of land uses for each LCEU. 

  

Source: La biodiversidad en Aguascalientes. Estudio de Estado. CONABIO. 
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2.3 Matrix of soil and vegetation cover changes  

Balance tables help to know the expansion and reduction 

in the ecosystem stock, however matrix of soil and 

vegetation cover changes (table 6 y Graphic 5) lets know 

in detail exchanges between ecosystems (Graphic 6), 

such as coverage which remained without changes from 

a period to other one. 

Table 6 shows that in the year of 2011 urban areas 

occupied mainly irrigation crops and, in less quantity, 

other areas of temporary crops, pastures and shrubland. 

On the other hand temporary crops won land cover to 

pastures, forest tree cover, shrubland and irrigation 

crops
7
. 

Furthermore, pastures are the largest ecosystem in 

Aguascalientes that remained without changes. It is 

worth mentioning that permanent crops and barren land 

didnôt suffer changes, and that forest tree cover 

remained the 98.2% from  its original extent. 

The dinamic of soil and vegetation cover changes in 

Aguascalientes lets us appreciate that urban areas have 

been expanding them over crops and pastures, 

furthermore that temporary crops are changing to 

irrigation crops. 
Source: https://www.tripadvisor.com.mx/LocationPhotos-g153976-w3-

Aguascalientes_Central_Mexico_and_Gulf_Coast.html 

Another result from table 6 is that crops are expanding over 

pastures, and in the same way, pastures are expanding 

them above forest tree cover areas. The implications of 

those soil and vegetation cover changes are going to be 

analyzed at detail in supply and use account. 
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Matrix of soil and vegetation cover changes  for the state of Aguascalientes 2002-2011 (Km2) 

          Serie V 

 

 

Serie III 

 

 

Urban areas 

and developed 

associated  

Middle to big 

fields, rainfed 

herbaceous 

crops 

Middle to big 

fields, irrigated 

herbaceous 

crops  

Permanent 

crops, 

agricultural 

plantation 

Pastures and 

natural 

grasslands 

Forest tree 

cover 

Shrubland, 

bushland, 

heathland 

Barren land 
Continental 

water bodies 
Total 

Urban areas and 

developed 

associated  

111.41 NS NS  NA NS  NA NS  NA 0.10 111.52 

Middle to big 

fields, rainfed 

herbaceous crops 

10.18 1,097.02 44.65  NA 14.25 2.85 10.19  NA 0.76 1,179.90 

Middle to big 

fields, irrigated 

herbaceous crops  
40.44 6.55 1,169.52  NA 4.36 1.77 3.48  NA 0.67 1,226.79 

Permanent crops, 

agricultural 

plantation 
 NA NA  NA 0.99 NA NA NA NA NA 0.99 

Pastures and 

natural grasslands 8.79 78.62 24.77  NA 1,270.61 17.28 4.23  NA 0.73 1,405.01 

Forest tree cover 
0.10 17.45 10.07  NA 26.76 1,199.39 0.00  NA 0.64 1,254.41 

Shrubland, 

bushland, 

heathland 
4.11 19.90 7.48  NA 5.42 NS 355.83 0.62 NS 393.36 

Barren land  NA NA  NA NA NA NA NA NA  NA 0.00 

Continental water 

bodies 
0.11 NS 0.01 NA  NS 0.05 NS NA  43.50 43.68 

Total 175.14 1,219.55 1,256.51 0.99 1,321.40 1,221.33 373.73 0.62 46.40 5,615.67 

Table 6. State matrix of soil and vegetation cover changes 2002 -2011. 
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Graphic 5. State matrix of soil and vegetation cover changes 2002 -2011. 



 

 Graphic 6. Surface with land and vegetation cover changes  2002-2011. 

7 There are only register changes on surface  (km2), the numbers do not represent total surface of each type of land cover, unless losses and earnings. For that reason, surfaces which reamined without changes do not 

appear on this graphic (i.e. permanent crops). 
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3. ECOSYSTEM 

CONDITION ACCOUNT 
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Source: http://vivaaguascalientes.com/canon-y-presa-de-malpaso/ 



 

 

3. ECOSYSTEM CONDITION 

ACCOUNT 
Ecosystem condition account presents the status which 

ecosystems have through their components, such as 

soil, water, carbon and biodiversity. This account 

constitutes a key part to know the impact of use and land 

cover changes on the ecosystem and its capacity to 

produce services that, in consequense, impacts 

economic production.  

Ecosystem condition account 

presents the status which 

ecosystems have through their 

components, such as soil, water, 

carbon and biodiversity. 

Ecosystem condition account lets organizate biophysic 

information about the condition of different  ecosystems 

through different variables, such as: types of soil, soil 

erosion, successional phases of vegetal cover, quality of 

superficial and undergrown water, wealth of species, relative 

abundance of species and endemic species. 
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Source: http://bdi.conabio.gob.mx/fotoweb/Grid.fwx 

Source: http://bdi.conabio.gob.mx/fotoweb/Grid.fwx 



 

 

Soil is the substratum on which life is developed, it has 

the capacity to offer regulation service acting as a filter 

and transformer of contaminants produced by humans. 

It is important to know features of the different types of 

soil, being as combinate it with the weather allows the 

existence of different types of vegetal land cover, which 

provide services as catch of carbon and protection from 

floods. The information about type of soils was obtained 

from the National Compendium of Edaphology Serie II, 

scale 1:250,000 of INEGI.  

Soils classification is realized according to  FAO/UNESCO 

classification (1970) that has been adopted by Geography 

General Direction in the Edaphological Map. ñIn that 

classification is indicated the texture or quantity of sand, silt 

and clay on the superficial part of soil; the presence of 

chemical phases as salinity and quantity of sodium; and the 

presence of physics phases as rocks or cemented stratums 

near from superficial part of land or fragments of them on 

the surface of itselfò.  

3.1 Soil condition  3.1.1  Types of soil  

Source: La biodiversidad en Aguascalientes. Estudio de Estado. CONABIO. 
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 Table 7. Municipal table of types of soil.  
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Table of types of soil in the municipality of Calvillo.  

CALVILLO  
Ecosystem 

extent  TYPES OF SOIL * (%) 
Subtotal  Discrepancy  TOTAL 

Type of LCEU**  
Area  

(km
2
) 

CL CM DU FL KS LP LV PH PL RG 

Temporary crops 

land  
49.74 1.60     1.62 3.91 14.96 5.59 47.56 3.29 21.46 100.00 0.00 100.00 

Irrigated crops land  191.43 12.20 5.83   12.33 8.08 0.55   12.45   48.56 100.00 0.00 100.00 

Permanent crops                              

Pastures and natural 

grasslands  
116.97           13.66 6.65 42.55 15.32 21.82 100.00 0.00 100.00 

Forest tree cover  567.67 4.57 5.80   0.10 0.34 33.12 9.19 37.34 1.29 8.26 100.00 0.00 100.00 

Shrubland, bushland, 

heathland  
                            

Sparsely vegetated 

areas  
                            

Barren land                              

Discrepancy***  0.00 8.52 5.42 0.00 6.88 4.72 13.92 3.92 24.16 1.11 31.35 100.00 0.00 100.00 

Total  925.81 5.41 4.76 0.00 2.70 2.09 22.95 6.78 33.40 2.90 19.01 100.00   100.00 



 

 

Edaphological units.  

Code  Name Code  Name Code  Name 

AC Acrisol GL Gleysol PL Planosol 

AL  Alisol GY Gipsisol PT Plintosol 

AN Andosol HS Histosol RG Regosol 

AR Arenosol KS Kastañozem SC Solonchak 

CH Chernozem LP Leptosol SN Solonetz 

CL Calcisol LV Luvisol UM Umbrisol 

CM Cambisol LX Lixisol VR Vertisol 

DU Durisol NT Nitisol   

FL Fluvisol PH Phaeozem   

Source: INEGI, Diccionario de datos edafológicos, escala 1:250,000, M®xico, 2009. 

Table 8. Primary Classification os Groups of Land.  

Types of soil in every Land Cover Ecosystem Unit (LCEU), are determinated 
combining information from the LCEU selected with the Map of Soil uses and 
vegetation Serie IV, scale 1:250,000.  

From this work derive the tables of types of soil for each EAU, with the LCEU placed 
in the rows and the percentage of extent for every type of soil in the columns. 

For this part of the exercise it is only used the primary classification of soil groups in 
accordance with the next denomination.  
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In the annex I is presented 

an extract of the ñGuía para 

la interpretación de 

cartografía edafológica. 

Unidades y subunidades 

de sueloò  of INEGI, where 

have a short description of 

every type of land.  

Source: La biodiversidad en Aguascalientes. 

Estudio de Estado. CONABIO. 



 

 

The analysis at state level is obtained 

adding information from all 

municipalities, such as in the next table. 

Graphic 7. Kinds of soil. Municipal.  

The information of the municipality of Calvillo lets us appreciate that phaeozem is the prepoderant type of soil, which can 

be interpretated as it is available for pastures zones or for vegetation with a low demand of water. The percentage 

distribution of types of soil is illustrated in the next graphic. 
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Source: La biodiversidad en Aguascalientes. Estudio 

de Estado. CONABIO. 

Source: La biodiversidad en Aguascalientes. Estudio 

de Estado. CONABIO. 
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Table 9. State table of types of soil.  
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Table of types of soil. Aguascalientes  

STATE RESULTS 
Ecosystem 

extent  TYPES OF SOIL * (%) 

Subtotal  Discrepancy  TOTAL 

Types of LCEU**  
Area   

(Km
2
) 

CL CM DU FL KS LP LV PH PL RG 

Temporary crops land  1,219.88 0.07 0.77 39.42 0.38 3.27 5.29 0.61 30.54 3.79 15.86 100.00 0.00 100.00 

Irrigated crops land  1,266.32 1.97 1.10 41.38 2.23 2.58 1.31 0.28 36.20 2.80 10.14 99.99 0.01 100.00 

Permanent crops  0.99               100.00     100.00 0.00 100.00 

Pastures and natural 

grasslands  
1,316.90   9.49 3.43 0.21 3.84 25.75 2.90 39.63 6.78 7.98 100.00 0.00 100.00 

Forest tree cover  1,231.70 2.11 13.54 0.98 0.05 0.26 34.11 8.42 31.57 2.55 4.46 98.05 1.95 100.00 

Shrubland, bushland, 

heathland  
375.42 0.82   10.15 0.39 12.36 43.49   25.78 0.63 6.37 100.00 0.00 100.00 

Barren land  0.62           100.00         100.00 0.00 100.00 

Discrepancy***  24.15 2.14 13.72 1.25 0.06 0.28 34.59 8.53 32.22 2.61 4.60 100.00 0.00 100.00 

Total  5,435.99 1.02 5.86 20.25 0.69 3.18 18.63 2.85 33.98 3.78 9.33 99.56 0.44 100.00 



 

 

In the table 9 is appreciated that in 

Aguascalientes the phaeozem soil prevails 

(33.9%), following by durisol (20.3%) and 

leptosol (18.6%).  This means that the 

preopoderant soil has wealth in organic material 

and nutrients. The distribution percentage is 

shown in the next graphic for each LCEU. 

3.1.2  Erosion tables  Graphic 8. Types of soil in the State.  

INEGI (2012). Barren Land Serie, scale 1:250,000.  

Erosion tables present on the cross of 

the information of the Map of soil uses 

and vegetation Serie V and the Serie I 

of Erosion of soil
4
, to identify eroed 

surface for each LCEU. The Erosion 

Serie includes, at first, three types of 

erosion: hydric, wind and anthropic; 

furthermore of stable land, 

geomorphological units and 

complementary units.  

Hydric erosion can be in many ways: 

laminar, grooves and guillies, and in 

four grades: mild, moderate, strong and 

extreme. The structure of the erosion 

layer and the codes used to the tables 

can be consulted on the annex I. 

The Erosion Serie includes, at first, three types of 

erosion: hydric, wind and anthropic; furthermore of 

stable land, geomorphological units and 

complementary units.  Hydric erosion can be in many 

ways: laminar, grooves and guillies, and in four grades: 

mild, moderate, strong and extreme. 
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Graphic 9. Participation in the remediation cost by type of use of 
soil, municipality of Jesus Maía.  

In the following example, the municipality of Jesus María 

presents the erosion registred on three levels as it can be 

appreciated on the table 10.   

With lost soil estimation for type of use of land and grade 

of affectation was possible to get results in monetary units. 

That is how it is known that for give back to soil its  

features and it can continue providing its services, it is 

necessary a delivery of almost 126 millions 927 thousand 

pesos for the year of 2012. The distribution of costs 

according to the type of use of land would be as the next 

way: the 26.2% of the costs corresponds to agriculture, for 

livestock land the costs are equivalent to 14.3%, while the 

0.1% are required for anthropic erosion, the rest (59.4%) 

should be applicated to forest lands.  
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Source: La biodiversidad en Aguascalientes. Estudio de Estado. CONABIO. 
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Table 10. Results of municipal estimate of hydric erosion.  
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Type of 

LCEU**  

Laminar hydric  Grooves hydric  Gullies hydric  Eolic  
Subtotal of  

eroed area  
Anthropic  Total  

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 

Temporary 

crops land  
4,030 2,344 5       295   23,099   69         8,031 67 8,098 

Irrigated 

crops land  
10 926 78     520     1,652   196         1,642 0 1,642 

Permanent 

crops  
                                    

Pastures 
and natural 

grasslands  

335 3,391 23           13,694   729         7,388   7,388 

Forest tree 

cover  
964 13,847 93     20 157   52,881   7,389         19,114 23 19,137 

Total  5,340 20,508 199     540 452   91,326   8,384         126,838 89 126,927 



 

 

Table 11. Table of state erosion.  
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State results  
Ecosystem 

extent  
Erosion land units (%)*  

Subtotal 
of eroed 

area  

Stable 
land 

(km 2) 

Geomorphological 

units (%)  

Complementary units (%)  

Subtotal  
of no 

eroed area  

Discrepancy

*** 
Total  

Type of 

LCEU** 

Laminar hydric  Grooves hydric  Gullies hydric  Eolic  

Anthropic  AH H2O Islands  ZU 
Area             

(Km 2 ) 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 

Temporary 

crops land  
100 2.87 13.93 2.33 0.11 0.23 0.31 0.18   4.56 0.09 0         0.08 24.7 65.7 1.12 1.26 0   0 68.08 7.22 100 

Irrigated 

crops land  
100 12.88 4.07 1.92   2.82 0.07 0.04   2.44 0.14 0.12         0.55 25.05 69.16 4.02 1.76 0   0.01 74.95 0 100 

Permanent 

crops  
100   0.49       8.36                     8.85 91.15           91.15 0 100 

Pastures 
and natural 

grasslands  
100 25.42 39.32 9.44 0.97 0.01 0.41 0.41   10.42 0.04 0.61         0.17 87.23 11.81 0.82 0.14 0   0 12.77 0 100 

Forest 

coverage  
100 33.9 37.21 3.11 0 0.69 0.06 0.03   14.22 1.43 0.41         0.02 91.07 7.1 1.78 0.05 0     8.93 0 100 

Shrubland, 
bushland, 

heathland  
100 17.17 50.05 8.11   1.47 0.23     1.68 0           1.13 79.85 18.69 0.03 1.43 0   0 20.15 0 100 

Barren land  100                   0.12           99.88 100 0.03           0.03 -0.03 100 

Discrepancy

*** 
100 3.09 15.01 2.52 0.12 0.25 0.34 0.2   4.91 0.09 0         0.08 26.62 70.81 1.21 1.36 0   0 73.38 100 100 

AH: Human Settlements, H2O: Water bodies, Islands: islands or islets, ZU: Urban Zones. 



 

 

Graphic 10. State surface eroed and not eroed by type of 
LCEU (km

2
) 

Graphic 11. State eroed surface by type of LCEU and erosion 
category.  

Respect to the state information, it shows that  

60.0% of the state surface is eroed. Almost  

24.7% of the surface of the temporal land 

crops is eroed too, such as the 25.1% of the 

irrigated land, the 8.85% of the permanent 

crops, the 87.2% of the pastures, the 91.1% 

of the forest tree cover, the 79.9% of scrubs 

and 100% of land barren. 
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3.1.3  Vegetation condition tables  Vegetation condition tables 

make out between primary and 

secondary vegetation, according to 

the successional phases of 

vegetation  

Vegetation condition tables make out between primary 

and secondary vegetation, according to the successional 

phases of vegetation registered in the maps of land uses 

and vegetation Series III and V by INEGI.  

Primary vegetation corresponds to that with regular size 

characteristic of the ecosystem. While, secondary 

vegetation implies fragmentation of the ecosystem, 

presence of invasive of species and vegetation smaller 

than regular, that can be indicator of a decaying 

ecosystem or in recovery.  

To illustrate this type of tables it is presented the case of 

the municipality of Jesus Maria, which information is in the 

tables of the next page, where, althought it seems it has 

an important forest tree cover extension, almost 90% of 

this is secondary vegetation. Pastures presents nearly the 

same proportion of primary and secondary vegetation. 

Scrubs only includes primary vegetation.  
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Source: http://bdi.conabio.gob.mx/fotoweb/Grid.fwx 



 

 

Vegetation coverage and condition classifications  

INEGI classification  SEEA classification  Vegetation condition  

Natural pastures 

Pastures and natural grassland 

Primary vegetation 

Induced pastures 
Secondary vegetation 

Secondary bushes vegetation of natural pastures  

Pine oak forest 

Forest tree cover 

Primary vegetation 
Oak forest 

Secondary bushes vegetation of oak forest  

Secondary vegetation  Secondary three vegetation of oak forest 

Secondary bushes vegetation of low caducifolia jungle  

Crasicaule shrubland 
Shrubland, bushland, heathland 

Primary vegetation 

Secondary bushes vegetation of crasicaule scrubs Secondary vegetation  

Vegetation condition in the municipality of Jesus Maria  

Ecosystem 
extent  

Serie III (2002)  Ecosystem 
extent  

Serie V (2011)  

Type of LCEU*  
Vegetation condition (%)  Vegetation condition (%)  

Area           
(Km

2
) 

Primary  Secondary  
Area            
(Km

2
) 

Primary  Secondary  

Pastures and 
natural 
grassland  

171.71 52.12 47.88 164.58 51.93 48.07 

Forest  tree 
cover  

150.88 11.16 88.84 146.13 9.93 87.23 

Shrubland, 
bushland, 
heathland  

10.06 100.00 0.00  9.12 100.00 0.00  

Table 12. Vegetal coverage and condition classifications.  

Table 13. Municipal vegetation condition table 2002 -2011. 
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Graphic 13. Municipal vegetation condition  2011.  

Graphic 12. Municipal vegetation condition 2002.  
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On the next graphics it can be appreciated the distribution of 

primary and secondary vegetation of the three types of 

LCEU that were mentioned in table 13. Everyone of the 

graphics correspondes to one  of the two series used in this 

project (Serie III and Serie V). 

From this information it is possible to appreciate that from 

the year of 2002 to 2011 the municipality of Jesus Maria has 

not suffered many changes in matter of forest tree cover. 

As it was mentioned, the information of land and vegetation 

cover condition was adapted according to SEEA 

classification. In the table 12 there are these classifications, 

beside corresponding vegetation condition  (primary or 

secundary). With this information could be possible obtain 

the information presented in the table 13, where was 

obtained the extent of each ecosystem according to 

vegetation condition.  

INEGI (2012). Use and land cover Serie III, scale 1:250,000.  

INEGI (2012). Use and land cover Serie V, scale 1:250,000.  



 

 

Vegetation condition in the state of Aguascalientes  

Ecosystem 
extent  

Serie III (2002)  

Ecosystem 
extent  

Serie V (2011)  

  Type of LCEU*  
Vegetation condition  

(%) 
Vegetation condition  

(%) 

Area         
(Km

2
) 

Primary  Secondary  
Area            
(Km

2
) 

Primary  Secondary  

Pastures and 
natural grassland  

1,089.04 28.44 71.56 678.41 20.39 45.82 

Forest tree cover  776.57 19.56 80.44 756.61 19.91 73.25 

Shrubland, 
bushland, 
heathland  

381.85 76.57 23.43 293.60 49.54 50.46 

Table 14. State vegetation condition table 2002 -2011. 
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In the same way that previous exercises, the activities were done in municipal and state form, and those results are 

presented in the next table.  



 

 

Graphic 15. State vegetation condition  2011.  Graphic 14. State vegetation condition 2002.  
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State results show that in 2011 around that the fifth part of pastures and forest tree cover correspond to primary  

vegetation, and the half of shrubland includes secondary  vegetation.  

Furthermore it is remarkable, that secondary vegetation condition corresponding to scrubs has increased in the year of  

2011 from the year of 2002. 

INEGI (2012). Use and land cover Serie III, scale 1:250,000.  INEGI (2012). Use and land cover Serie V, scale 1:250,000.  



 

 

Carbon component is used as indicator of the 

condition of the ecosystems due to shows the 

capacity of ecosystems to provide carbon kidnaping 

and storage services;  carbon kidnaping refers to 

the catch done by the live material of carbon on the 

atmosphere as part of their biological process, while 

carbon storage corresponds to the carbon already 

storaged in the biosphere or in the geosphere and it 

is important to keep it there to avoid it liberation to 

the atmosphere. 

 

Carbon stocks are register dividing them into 

geocarbon (carbon storaged in the geosphere, as 

example in the gas or petrol repositories and in 

certain minerals as limestone)  and biocarbon 

(carbon storaged in the biosphere), last one is 

divided in carbon in live biomass and carbon in 

biomass in descomposition. Ecosystems 

Experimental Accounting  focus on biocarbon, that 

can be classificated by type of ecosystem.  

3.2 Carbon  
Carbon component is used 

as indicator of the condition of 

the ecosystems due to shows 

the capacity of ecosystems to 

provide carbon kidnaping and 

storage services. 
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Source: http://centromariomolina.org/contaminacion-y-salud-ambiental/ 



 

 

In this section are presented tables of organic carbon stock 

in land. In these is recordered the carbon stock in every 

type of LCEU in three accountant periods. For that it is 

crossed information from maps of land use and vegetation 

Series III, IV and V  with information collected by INEGI for 

calculate tonnes of carbon by hectare average of everyone 

of the 180 classifications of use and land cover, as part of 

the works on the National Map of Organic Carbon in Land. 

Calculation of carbon in land corresponds only to the first 

30 centimeters of depth, according to the 

recommendations of the Intergovermental Panel on 

Climate Change (IPCC).  Due to it is used an average in 

tonnes of carbon by hectare of just one moment in the 

time, the variations in the stock are estimated according to 

the variations in the extent of LCEUs. 

In the municipality of Jesus María, forest tree cover catch 

an average of 35 tonnes of carbon by hectare; followed by 

temporal crops with an average of 30 tonnes by hectare; 

while irrigated crops storage 27 tonnes by hectare.  The 

capacity of shrubland and pastures is similar, with an 

average of 25 tonnes by hectare. Through this exersice is 

possible to know tha as less forest tree cover the 

municipality has, the quantity of carbon catched is less. 

3.2.1.  Organic carbon in land  

5Programa de Naciones Unidas para el Desarrollo (2014). Mapa Nacional de Carbono 
Orgánico en el Suelo. With quatitive data from INEGI, 1968-2012 and National Forestry 
Commission, 2009-2014. 
6Intergovernmental Panel on Climate Change (2006). Directrices del IPCC de 2006 

para los inventarios nacionales de gases de efecto invernadero, Volumen 4, 

Agricultura, silvicultura y otros usos de la tierra.  

Organic carbon storage in the land of 

the state of Aguascalientes was more than 

15.6 millions of tonnes in the year of 2002, 

and had a trend at low derived from the 

changes in land coverage and vegetation, 

until 15.4 million of tonnes in 2011. 

Organic carbon storage in land of the state of 

Aguascalientes was more than 15.6 millions of tonnes in 

the year of 2002, and had a trend at low derived from the 

changes in land coverage and vegetation, until 15.4 

million of tonnes in 2011. Examples of those changes is 

the reduction in the forest tree cover and the extent of 

urban areas and irrigated crops. 
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Temporal crops catch on average 30 

tonnes per hectare, whilst irrigated 

crops  catch about  27 tonnes per 

hectare. Scrubs average 25 tonnes 

per hectare, while pastures average 

around 24 tonnes per hectare. Finally,  

on barren land was registered on 

average 28 tonnes per hectare.  

Graphic 16. Organic carbon in municipal land 2002,2007, 2011.  

The different types of forest tree cover (primary and secondary 

vegetation) have a diverse capacity of carbon capture, at state level 

forest tree cover capture 33 tonnes  of carbon per hectare on 

average, it is less than permanent crops, which in average catch 36 

tonnes  by hectare.  

Source: La biodiversidad en Aguascalientes. Estudio de 

Estado. CONABIO. 
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ORGANIC CARBON IN SOIL. SAN JOSÉ DE GRACIA  

Type of LCEU  

Serie III (2002)  Serie IV (2007)  Serie V (2011)  

Area       

(Km
2
) 

Tonnes  
Area     

(Km
2
) 

Tonnes  
Area     

(Km
2
) 

Tonnes  

Urban and associated developed 
areas 

1.60 NA 1.60 NA 1.60 NA 

Temporary crops land 84.96 256,482.68 93.14 281,180.13 93.14 281,180.08 

Irrigated crops land  11.67 31,122.09 10.87 28,999.11 10.87 28,999.12 

Permanent crops NA  NA NA  NA NA  NA 

Pastures and natural grassland 315.99 790,705.77 313.18 782,190.03 319.77 798,178.91 

Forest tree cover 419.25 1,492,319.27 414.71 1,460,208.36 408.12 1,438,635.80 

Shrubland, bushland, heathland 11.51 28,625.10 11.47 28,524.33 11.47 28,524.39 

Barren land NA  NA NA  NA NA  NA 

Total  844.98 2,599,254.91 844.97 2,581,101.95 844.97 2,575,518.30 

Table 15. Municipal table of organic carbon in land 2002, 2007, 2011.  
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ORGANIC CARBON IN SOIL. AGUASCALIENTES  

Type of LCEU  

Serie III (2002)  Serie IV (2007)  Serie V (2011)  

Area       

(Km
2) 

Tonnes  
Area      

(Km
2) 

Tonnes  
Area  

(Km
2) 

Tonnes  

Urban and associated 
developed areas 

111.52 NA 160.15 NA 175.14 NA 

Temporary crops land 1,179.92 3,592,343.84 1,219.88 3,714,166.38 1219.56 3,713,158.10 

Irrigated crops land  1,226.79 3,299,129.62 1,266.32 3,407,779.85 1256.51 3,380,516.31 

Permanent crops 0.99 3,618.33 0.99 3,618.33 0.99 3,618.33 

Pastures and natural grassland 1,405.02 3,583,658.68 1,316.90 3,355,199.70 1321.4 3,367,926.06 

Forest tree cover 1,254.41 4,158,087.56 1,231.70 4,075,378.02 1221.35 4,040,489.82 

Shrubland, bushland, heathland 393.36 976,815.75 375.42 930,339.46 373.73 926,124.46 

Barren land NA  NA 0.62 1,718.51 0.62 1,718.51 

Total  5,572.01 15,613,653.79 5,571.99 15,488,200.25 5569.3 15,433,551.59 

Table 16. State table of organic carbon in land 2002, 2007, 2011.  
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Graphic 17. Organic carbon in state land 2002, 2007, 2011.  

Source: http://www.mexconnect.com/photos/8733-15-del-aguasalientes-mexico-p-the-presa-de-malpaso-dam-in-aguascalientes-is-located-on-f 
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Tables of water condition register water quality which is  

provisioned for an ecosystem. Being the first step the 

register of extracted water (before treatment) and sorting it  

by quality grade of resource (excelent, good quality, 

acceptable, contaminated o strongly contaminated).  

3.3 Water condition  

In the case of superficial water, its tables are builded with 

information  from the Water Quality Monitoring Network of 

the  National Comission  of Water (CONAGUA), which 

uses three indicators of water quality: Total Supended 

Solids (TSS), Biochemichal Oxygen Demand (BOD5) y 

Chemical Oxygen Demand (COD), which criteria and 

parameters are described in the next page. 

3.3.1  Superficial water  

Source: http://www.aguascalientes.gob.mx/Estado/municipios/sanjose.aspx 
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Table 17. Indicators of superficial water quality.  

Indicators of superficial water quality  

Criteria  
(mg/l)  

Classification  Features  

Biochemical Oxygen Demand (BOD 5) 

BOD5 Ò 3 Excelent Not contaminaded 

3 < BOD5 Ò 6 Good quality Superficial water with low content of biodegradable organic material.  

6 < BOD5 Ò 30 Acceptable 
Indication of contamination. Superficial water with self-purification capacity or biologically 
treated residual water discharge. 

30 < BOD5 Ò 120 Contaminaded Superficial water with raw residual water discharges, mainly of municipal origin.  

BOD5 > 120 
Strongly 
contaminaded 

Superficial water with strong impact of discharges of municipal and not municipal raw 
residual water.  

Chemical Oxygen Demand (COD)  

COD Ò 10 Excelent Not contaminaded. 

10 < COD Ò 20 Good quality  Superfical water with low content of biodegradable and not biodegradable organic material.  

20 < COD Ò 40 Acceptable 
Indication of contamination. Superficial water with self-purification capacity or biologically 
treated residual water discharge, 

40 < COD Ò 200 Contaminaded Superficial water with discharges of raw residual water, mainly of municipal origin.  

COD > 200 
Strongly 
contaminaded 

Superficial water with strong impact of discharges of municipal and not municipal raw 
residual water. 

Total Suspended Solids  (TSS)  

TSS Ò 25 Excelent Exception class, very good quality.  

25 < TSS Ò 75 Good quality  
Superficial water with low content of suspended solids, generally natural conditions. 
Advantages aquatics communities conservation and unrestricted agricultural irrigation.  

75 < TSS Ò 150 Acceptable 
Superficial water with indication of contamination. With discharges of biologically treated 
water. Regular condition for fishes. Restricted agricultural irrigation.  

150 < TSS Ò 400 Contaminaded 
Bad quality superficial water with raw residual water discharges. Water with high 
suspended material content.   

TSS > 400 
Strongly  
contaminaded 

Superficial water with strong impact by municipal and not municipal raw residual water 
discharges with high quantity of contaminants. Bad condition for fishes.  

Source: CONAGUA (2014). Red de Monitoreo de Calidad del Agua. 
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Graphic 18. Superficial water quality. Municipal. 2011.  

In the municipality of Rincón de Romos are extracted 
23 millons of cubic meters of water per year, and 
according with the  Water Quality Monitoring Network 
of CONAGUA, present a good and aceptable BOD5 in 
the same proportion of monitoring sites in 2011. That 
condition got better in the year of 2014,  recording in 
all monitoring sites values in ranks of good quality in 
this criterion.  
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Sourcee: Banco de imágenes. CONABIO. http://bdi.conabio.gob.mx/fotoweb/Grid.fwx 
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Superficial water extraction and percentage distribution of monitoring sites by quality indicatior. Rincón de Romos.  

Achievements  
Extraction 

(m
3
) 

Indicators  Excelent  Good  Acceptable  Contaminaded  
Strongly 

contaminaded  

2011 

130 23,064,896 

BOD5 0% 50% 50% 0% 0% 

COD 0% 0% 50% 0% 50% 

TSS 0% 0% 50% 0% 50% 

2014 

130 23,064,896 

BOD5 0% 100% 0% 0% 0% 

COD 0% 0% 0% 100% 0% 

TSS 0% 0% 0% 100% 0% 

Table 18. Municipal table of superficial water condition 2011 -2014. 
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Source: http://bdi.conabio.gob.mx/fotoweb/Grid.fwx 

In respect of Chemical Oxygen Demand 
(COD) and Total Suspended Solids (TSS), 
in the year of 2011 half of monitoring sites 
recordered aceptable ranks, and another 
half of the sited presented  ranks of strong 
contamination; for the year of 2014 all 
monitoring sites recordered ranks inside 
strongly contaminated category for both 
indicators.  


