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Uruguay as an Attractive Host Country for A/R-CDM 
Investments 

 

A) Part I: Background on the Forestry Sector of 
Uruguay 

 

1. General description of Uruguay 

Uruguay is a small country of about 176,000 km2 and 3.2 million people, located between Argentina 
and Brazil. Its capital city, Montevideo, accounts for about one half of the country’s population. The 
country’s principal resources are agricultural, and its activity utilizes 90% of the territory; minerals are 
scarce. 

 

 

Uruguay has a tradition of an agricultural country. Its production is mainly based on meat, wool, milk, 
leather and grain. There are about four sheep and four heads of cattle per inhabitant. Forestry is a new 
activity in this country. Having a very small area of native forests (nearly 740,000 hectares) located in 
strips along water streams, it has been using them only for fuel wood and fence posts, not for industrial 
applications. 

In 1987, the country embarked on an ambitious program for developing forest plantations, stimulated 
in part by a subsidy program. The program was extremely successful, attracting a large amount of 
foreign investment from companies based in Spain, Canada, the United States, Finland, the U.K. and 
Chile. Through the end of 2003, more than 620,000 hectares (Source: Direccion Forestal) of new 
plantations had been established in the country, with the majority being various species of Eucalyptus 
and in a less extent Pinus. 
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Although the plantation program has been successful, there has been very little industrial 
development. Most of the wood harvested has been exported as pulp logs, to Spain, Finland, Morocco, 
Norway, and other countries. In 2003 ENCE’s subsidiary in Uruguay (EUFORES) started exporting 
woodchips from the Port of Montevideo. Then in 2004, they did the same from the company’s new 
Port of M’Bopicua (nearby the city of Fray Bentos). 

1.1. Climate 

Uruguay is located in the temperate zone of southern South America, and its climate is classified as 
mesothermic subhumid with no dry season according to Köppen's classification. In spite of the 
country's small area (176.215 km2) and the absence of high altitudes (maximum of 500 m), mean 
temperatures and precipitation regime in Uruguay show relatively large spatial variability. The annual 
mean temperature varies from 16ºC in the South-East to 20ºC in the North-West, and the annual 
rainfall average is about 1,000 mm in the South and 1,500 mm in the North. The northern region 
typically presents two peaks, one in the fall and one in the spring, while the southern and eastern 
regions show less pronounced cycles with a weak peak in the winter months. In the southwest, on the 
other hand, there is a peak in precipitation in late summer and early autumn. 

 

 

 

Mean Annual Temperature (°C) 
Uruguay  (1961- 1990) 

Mean Annual Rainfall (mm) 
Uruguay  (1961- 1990) 

Mean Annual Solar Radiation (Hrs) 
Uruguay  (1961- 1990) 

Mean Annual Relative Humidity (%) 
Uruguay  (1961- 1990) 
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Climate in Uruguay is characterized by a large interannual and interseasonal variability, and 
consequently floods as well as droughts are frequent in the country. For example, severe droughts have 
happened twice in the last twenty years (1988 and 1999), unevenly distributed within the country. It is 
well established by the scientific community that a considerable proportion of this interannual 
variability is affected by the El Niño/Southern Oscillation (ENSO). Other factors known or suspected 
to affect climate variability in Uruguay are the Atlantic Ocean and the rainfall in the Pantanal (large 
wetland area in Southern Brazil). Table 1 is included as an example of the typical variability found in 
monthly rainfall (coefficient of variation ranges from 60% to 70%). 

 

Table 1. Mean Precipitation and Variability in SW Uruguay (1960 – 2001) -(Source:   R. Romero, INIA 
2001, personal communication) 

 

Month Mean Std.Dev. Max. Value Min. Value 

 (mm) (mm) (mm) (mm) 

January 72.1 38.9 193.4 8.1 

February 72.9 54.3 186.7 0.1 

March 80 52 244.4 4.8 

April 105.3 65.5 280.6 13.5 

May 111.5 69.3 401.3 23.7 

June 102.1 68.8 275.1 9.7 

July 93.4 59.3 229.6 22.5 

August 115.1 81.3 299.2 30.1 

September 122.2 83.5 441.6 29.6 

October 84.6 61.2 239.7 8.5 

November 81.7 57.7 198.3 3.7 

December 69.8 44.7 157.3 0.0 

 

Rainfall events are frequently of high intensity with consequent low infiltration: runoff ratio. Runoff 
annual average is estimated as 300-400 mm (30% of the rainfall) and summer runoff is less than 0.15 
liters/second/km2. The country has plenty hydrological surface resources approximately evenly 
distributed throughout the territory due to the dynamic of hydrological cycle components. These 
resources are not regulated, and therefore, they suffer evident falls in their levels during summer time. 

The annual average of potential evapotranspiration is 1,000 mm in the North-West and 800 mm in 
the South-East, with maximum and minimum values during summer and winter, respectively, but 
with relatively low variation among years. Both, the high variability in rainfall and the seasonal 
variation of potential evapotranspiration, cause frequent water deficits in soils during mid spring and 
summer, and water excess in winter. 

The water deficit intensity is also affected by the soils water storage capacity, which varies from less 
than 50 mm in shallow soils on granite and basalt parent materials covering 47% of the land, to more 
than 150 mm in deep soils which cover 38% of the territory (see map below). 
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Soils water storage capacity 

 

 

1.2. Soils 

Uruguay has one of the highest proportions in the world of naturally fertile soils mainly due to their 
organic matter content in the surface horizons. Most of the soils in Uruguay are classified as Mollisols, 
according to the Soil Taxonomy system of the United States Department of Agriculture (USDA). 
However, within this class, there is a very high diversity of soils in the country, due to differences in 
the geological properties of the parent materials, the landscape form and position, and the drainage 
conditions. Predominant characteristics of the soils are: high content of organic matter, existence of a 
clayey horizon (B horizon) at variable depths and with light or moderate acidity (pH = 5.5 – 6.5) in the 
surface horizons. Schematically, they can be grouped in three main classes: 

• heavy textured soils with high clay content, high organic matter content, and a B-horizon at 20-30 
cm or deeper; 

• soils with deep surface horizons of high sand content and weak structure (major risks of 
degradation-desertification) and relatively low level of organic matter, with low permeable B-
horizons at 40-50 cm; 

• shallow soils (30 cm or less of total depth), mainly developed on basaltic and granite rocks, 
frequently associated to steep slopes, and characterized by high risk of erosion-degradation.  
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The high variability of rainfall, and consequent periods of water excess and water deficits mentioned 
before, result in favorable conditions for the desertification process. In Uruguay this process is 
manifested through soil erosion and degradation of pastures and water resources affecting land 
productivity and water availability for different uses.  

Although soil degradation is a generalized process at the National level, it is more serious in the 
cropland regions (west and south of the country, see map below) where erosion can be the first step to 
a gradual desertification process which is virtually irreversible. This results in one of the most 
important environmental problems in regard to the natural resources of this country.  

 

General Soils Map from Uruguay 

Degree of Erosion in Uruguayan Soils 
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Natural factors (such as high-intensity rainfall) and anthropic actions (such as intensification of 
agricultural mechanization, unsuited farming and production processes, etc.) had caused different 
degrees of soil degradation. They started a process of desertification which resulted in degraded and 
destructed plant cover, compacted and exhausted agricultural soils, and loss of biological diversity 
loss, among others. Since the 1980´s Uruguay has encouraged the adoption of agricultural practices to 
avoid, stop and revert the soil degradation process through laws and regulations. 

 

1.3. Natural Ecosystems 

In 1992, the Environmental National Study, identified four basic natural ecosystems in Uruguay, as 
follows: 

Grassland ecosystems: It is the predominant ecosystem in the country covering about 85% of the land. 
Uruguayan grasslands are heterogeneous herb communities with more than 400 species of annual and 
perennial grasses and legumes of summer and winter seasonal growth. 

Forest ecosystems: Natural forest occupies approximately 3.5% of the land territory (about 667,000 
ha). There are four basic types of native forests as follows: 

• Riparian or fluvial forest on the edges of water streams throughout the country and characterized 
by very vigorous growth. 

• Ravine forest which corresponds to the formations of the called “subtropical patches” that 
penetrate from the north. 

• Highland forest, located on the hills of the south of the country and characterized by low height 
and in general twisted trunks.  On the hillsides, the forest becomes stubbier, evolving to shrubs.  

• Palm-trees: there are two main areas covered by palm-trees: one with predominance of Butiá 
Palm tree (Butia capitata), present in the E and SE of Uruguay, an endemic species of this zone, 
and another one in the NE region with predominance of the Yatay palm tree (Butia yatay), a patch 
that continues in Argentina and reaches Paraguay.  Other palm species (such as pindó and 
caranday) are integrated to the formations of ravine forest. 

Wetlands ecosystems: Wetlands in Uruguay are low lands which are sporadically or permanently 
flooded, which regulate and purify (filter) the hydrologic system controlling erosion, and also 
constitute  the habitat of a large number of animal and plant species, in particular migratory birds. The 
largest areas of wetlands in Uruguay are located in the East (basin of Laguna Merín and coast of 
Rocha), in the west (Uruguay river), and in the south (Santa Lucía river and low coast of the la Plata 
river). 

Coastal ecosystems: These are ecosystems characterized generally by the presence of sandy and rocky 
soils distributed along the coasts of the la Plata river and the Atlantic Ocean.  The most common 
vegetation in this ecosystem are psammophilous species, some shrubby forest of tamarisks (Tamarix 
pentandra), guava-trees (Mircianthes cisplatensis, M. pungens) and coronillas (Scutia buxifolia).   

These ecosystems have been strongly altered due to urbanization, the construction of ports and tourist 
oriented activities and infrastructure. However, there are still few areas that maintain their original 
characteristics with minor modifications, such as some isolated regions in the coasts of the Atlantic 
Ocean in the department of Rocha. 

1.4. Land Use 

Land use in Uruguay is mostly grassland managed with extensive grazing, which covers nearly 14 
million ha. This area is devoted to beef and sheep production. A smaller part of the grassland area is 
used for semi-intensive beef and dairy production, mostly located on the most fertile soils of the west, 
southwest and south regions. Cropland areas extend for nearly 1.5 million ha, and are mostly used for 
annual grain crops (wheat, barley, rice, soybean, sunflower, corn, oats, sorhghum) and annual forage 
crops (oats, rye grass, red clover, corn for silage, forage sorghum). These annual crops are managed in 
crop rotations with perennial pastures including species such as tall fescue, canaryseed, white clover 
and birdsfoot trefoil, among others). Forestland covers 1.5 million ha, with about one half being native 
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forest and the other half plantation forests. The rest of the land (less than 1 million ha) is under urban 
areas and wetlands. The following map shows the land use distribution for 1990 and 2000. 

 

 

 

 

 

 

Land Use 
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2. General description of the forestry sector in Uruguay 

2.1. General Information 

The first Forestry Promotion Law was approved in 1968. With generous tax deductions, 15,000 
hectares were planted between 1970 and 1987. 

The Second Forestry Promotion Law, similar to the first one, was passed in December 1987. It 
introduced changes so as to make the activity more attractive. Basically, these changes were the 
creation of a Forestry Fund to subsidize new plantations, allowed corporations with bearer shares to 
purchase land for forestry and it formally separated the land from the forest, so that these could be 
offered as guarantee for loans  

The National Forestry Policy in Uruguay was aimed at conservation of natural forests and 
development of a forestry base in areas where other agricultural activities were relatively less 
competitive 

The specific objectives of this National Forestry Policy were: 

 Incorporate the sector to the traditional agricultural activities in Uruguay 

 Establish a platform for the development of a new industrial sector 

 Generate employment in depressed rural areas 

 Restore degraded areas of low productivity 

 Improve environmental conditions and assure bio diversity 

 Improve the socio-economic conditions of the population in rural areas 

 Creation of a sustainable energy resource 

 

The strategy followed so as to implement the National Forestry Policy was to rely on the private sector 
to execute the new plantations, with the State as facilitator and coordinator and to include the public 
and private sectors, together with NGO’s, in the definition of the instruments to be applied. 

As a result of this, the second Forestry Promotion law was approved by all political parties, and backed 
by society in general. As all this was being implemented, exports of eucalyptus pulpwood started in 
1988. In summary, an appropriate business environment was in place at the start of the 90’s. 

 

2.2. Development of the Forestry Sector  

The 1987 Forestry Promotion Law established subsidies and tax exemptions for the plantation of 
selected tree species, within the eucalyptus, pine and salix genus, in pre-established low productivity 
soils (>3 million hectares). 

These low productivity soils belong to five CONEAT soil types. CONEAT is Uruguay's site productivity 
classification system developed for taxing purposes. Each CONEAT site unit is assigned a productivity 
index relative to the country's average productivity per unit land. A site index of 100 represents the 
average productivity. Most productive soils have indexes in the order of 200. Most forest priority soils 
have productivity indexes under 100. 

As part of the forestry policy implemented in 1987, harvest of native forests was prohibited, with only a 
few exceptions to allow for firewood collection and wood for building cattle fences. Also, some areas 
are allowed to be harvested for management purposes, and with previous authorization issued by the 
Forestry Board (Direccion Forestal). This was an important measure, since at that time, after the oil 
crises of the 1970s and 1980s, there was a big pressure on native forests to harvest wood for energy 
purposes. Since then, the area of native forest in the country has increased by 15%. 
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Forest Priority Soils (divided by CONEAT soil group) 

 

 

As a result of the policy, the total planted area increased from 29,000 hectares in 1987 to 620,000 
hectares at the end of 2003 (see graph below). The annual plantation rate reached a maximum in 
1998, and decreased progressively until 2004, when the minimum rate since 1992 occurred. Some of 
the incentives, including the plantation subsidy, have been eliminated recently. With the advent of the 
new industrial investments, it is anticipated that plantation rates may increase again in some parts of 
the country. 
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3. Detailed information of the Forestry Sector in Uruguay 

3.1. Forest information from Pike & Co’s forestry Data Base 

Pike & Co has developed the most complete forest information system in the country, with detailed, 
geographically-explicit data on every forest of the country. The system is continuously updated by 
ground measurements and remote sensing data, which allows to keep track of all the planting and 
harvesting activity. Information includes, among others, plantation species, age, owner, forest 
management and productivity. The system also contains information on natural resources, 
infrastructure, socio-economic data and national statistics. In this section we provide some highlights 
of the information derived from this Forest Information System. 

3.1.1. Forestry Regions in Uruguay 

As shown in the next figure, there are four major forestry regions in Uruguay, each with different 
features regarding species, silvicultural management and development of industrial facilities. 

 

 

The west region was the first to develop, initially aiming at production of a mix of saw logs for solid 
wood products and pulpwood. Eucalyptus grandis, E. maidenii and Pinus sp. are the most common 
species planted in this region. With the advent of two large pulpmills, this region has moved its focus 
to pulpwood production, although its potential for solid wood production still remains. 

The North region is currently the one with the largest forest land area, and also the one with highest 
forest productivity due to an optimal combination of climate and soil quality. Most of the forests in this 
area were established for the purpose of producing saw logs and veneer logs. Two large sawmills and 
two plywood mills operate in this area. 

The Center-East region is similar to the west region in the mix of species and forest management 
systems, although productivity is lower due to generally poorer soil quality. This region is still 
undergoing development, and the announcement of a very large pulp mill within the next 10 years will 
likely cause a shift in the forest management similar to the one occurring in the west region. 

The south-east region is dominated by short rotation E. globulus plantations for pulpwood. These 
plantations are established on hilly areas with relatively shallow soils. Most of the wood produced in 
the area is exported either as pulp logs or, increasingly, as chips produced in Montevideo. 
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In the following map, we show a spectral detection from a Landsat satellite image. This detection 
shows the location of the forest plantations in each of the four forestry regions. 
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3.1.2. Total planted area (ha) in Uruguay by department 

The following table shows the total planted area by Region and by department as derived from 
Pike&Co’s Forest Information System: 

Region Department Eucalyptus Pinus Total

South- East Canelones 13,968 13,968

Flores 290 290

Florida 27,605 124 27,729

Lavalleja 58,630 270 58,900

Maldonado 24,604 188 24,792

Montevideo 405 405

Rocha 35,984 1,761 37,745

San José 2,851 2,851

Total South- East 164,338 2,343 166,681

Center- East Cerro Largo 17,804 2,857 20,661

Durazno 26,804 3,878 30,682

Treinta y Tres 5,093 5,093

Total Center- East 49,702 6,735 56,437

West Colonia 5,319 5,319

Paysandu 54,607 24,591 79,198

Rio Negro 62,497 5,292 67,789

Salto 292 292

Soriano 19,690 335 20,025

Total West 142,404 30,218 172,622

North Rivera 31,780 73,167 104,947

Tacuarembó 47,810 51,889 99,699

Total North 79,589 125,056 204,645

Total general 436,034 164,352 600,386

Planted Area by Genus (ha)

 

 

 

According to these figures, there is a total Eucalyptus planted area of 436,034 hectares. The most 
planted region in Uruguay is the South-East region with 38% of the total Eucalyptus planted area, 
followed by the West region with 33%. The North region and the Center-East region represent 18 and 
11% respectively. 

The total Pinus planted area is approximately 165,000 hectares. The most planted region in Uruguay is 
the North region with nearly 76% of the total Pinus planted area, followed by the West region with 
18%. 
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3.1.3. Total planted area (ha) in Uruguay by species 

When we talk about Eucalyptus Genus, as shown in the following chart, E. globulus is the most planted 
species in Uruguay, representing nearly 46% of the total Eucalyptus planted area. E. grandis 
represents 33%, followed by E. maidenii (12%) and E. dunnii (5%). “Others” species represents nearly 
4% of the total area, where the most planted species are E. viminalis and E. bicostata. 

22,698

142,367 202,163

16,906
51,900

Others Dunnii Globulus Grandis Maidenii

Area by Species

Species

 

 

3.1.4. Uruguay present planted area by year of plantation or last cutting 

The highest Eucalyptus plantation rates in Uruguay were between the years 1993 and 2000 with an 
average number of hectares per year of 40,090. After 2000, the annual plantation rate started to fall 
until 2003. After 2003, plantations rates started to grow again. 

In the case of Pinus plantations, the highest rates were between 1998 and 2002. As of today, there is 
no statistical information of plantations occurred in 2004 and 2005, and due to slow initial growth, 
these plantations can still not be detected by satellite images. 

 

0

10,000

20,000

30,000

40,000

50,000

60,000

A
r
e
a
 (

h
e
c
ta

r
e
s
/ 

y
e
a
r
)

19
7
5
-8

0

19
8

1-8
8

19
8

9

19
9
0

19
9
1

19
9
2

19
9
3

19
9
4

19
9
5

19
9
6

19
9
7

19
9
8

19
9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

Year of Plantation

Eucalyptus Pinus

 



 

©Carbosur and Pike & Co. Page 16 of 32 

3.2. Forest Products Exports from Uruguay 

Historically, the main forest products exports were Eucalyptus logs for pulpwood production. These 
exports were done through the ports of Fray Bentos, Nueva Palmira and Montevideo. Since 2003, 
Uruguay started to export wood chips to Spain and Japan.  

 

 

3.2.1. Evolution of pulpwood export volumes. 

Uruguay started exporting only Eucalyptus grandis in 1988. In 1990 Eucalyptus globulus was added 
as top off in exports to Portugal (Portucel). The River Plate area had Eucalyptus grandis available, but 
it had to offer at least some Eucalyptus globulus if it wanted to sell to Iberia and Tofte. This species 
came from the South-East region, from small plots used mainly as cattle shelter. We present below a 
chart with a detail of the volumes exported from Uruguay, by species. 
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The increase in volume from 1995 up until 1998 came from the development of small suppliers in the 
region mentioned above. In 1999 the first new Eucalyptus globulus plantations were harvested, and 
the volume has kept on increasing with new plantations as the source. 
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3.3. Extraction 

Uruguay is now starting its industrial development phase. Two pulpmill projects have been started and 
a third one has been announced, and various new sawmills are projected and large capacity increases 
are planned in existing ones. 

The availability of forestry biomass is supporting the energy sector in different ways. The sustainable 
development of the forestry sector is strongly dependent on the full integration of solid wood, fiber and 
energy industries.  

Even though an important percentage of the harvested wood in 2005 was exported for pulpwood 
production, important volumes are harvested annually for fuel use for the local industries. Historically, 
between 1.5 and 2 millions scbm were harvested for this purpose. 

Finally, we must say that the harvested volumes of logs for industrial use (principally sawmill 
destination) are increasing year by year. This volume will continued to increase because of the 
installation of new sawmills and plywood mills. 

 

2005 wood consumption by final use 

 
Volume Year 2005 

(Million m3) 

Pulpwood Logs and Chips 2.4 

Logs for Industrial Use (Sawmills, Plywood, etc) 10. 

Fuel Use 1.7 

TOTAL Consumption 5.1 
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3.3.1. Wood Chips Consumption 

In the next figure, we show the three chipping facilities that exist in Uruguay in 2005 along with their 
wood consumption. The existing chipping capacity in Uruguay as of 2005 was 2,100,000 scbm/year. 

 

 

 

 

3.3.2. Sawmills and plywood mills consumption 

There is one plywood mill under construction in Tacuarembó (Weyerhaeuser) and a new one already 
working (Urupanel). Their combined wood consumption is estimated as 300,000 SCBM annually. 
There are upgrades projected for existing sawmills and there will be new investments to process the 
increasing availability of wood from forests managed for solid products. There is no fibreboard mill 
project on the table yet. 

In the following figure we show the most important existing forest industries (for solid wood 
products), their location and their projected consumption. 
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Together with the forest industries shown in the previous picture, there is an important number of 
small sawmills (mainly located around big cities like Montevideo, Maldonado, Paysandu and 
Tacuarembó) whom together consume nearly 200,000 scbm/year. 

Next, we show the evolution (in Million USD) of solid wood products exports. It is expected that these 
volumes will continue to grow during the next years. 
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3.3.3. Uruguay’s Forest Products trade balance 

The forest sector is on its way to becoming the single most important economic activity in the country, 
surpassing tourism, currently the main source of national income, and beef production, the traditional 
backbone of the economy. The following table shows the evolution of the international trade of forest 
products in the country. In only fifteen years, the forest sector passed from a negative trade balance to 
an annual surplus of US$ 121 millions. This figure will increase dramatically, to over US$ 1 billion, by 
2010, and is expected to continue growing afterwards, as the core of the forests planted in the late 
1990’s are harvested, and the several announced industrial investments become operational. 

 

1990 2005

Forest Products Exports (millions USD) 13 142

Forest Products Imports (millions USD) 26 21

Trade Balance in Forest Products (millions USD) -13 +121  

 

 

3.4. Environmental and Social Services. 

Forest plantations in Uruguay have high standards regarding sustainability. In the next figure, we 
show the total percentage of FSC certified areas by Continent. Even though Latin America and the 
Caribbean have low levels of FSC certified forests, as compared with North America and Europe, in 
Uruguay the situation is different. As of 2005, 20% of managed forest area in Uruguay is FSC certified, 
and 15% is ISO 14000 certified. These percentages are increasing year by year and it is expected that, 
by the end of 2007, at least 60% of the forest plantations in Uruguay will be certified under FSC or ISO 
standards. 
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Another important feature of Uruguay's forest industry is the development of a National Forest Good 
Practice Code, whose application is not compulsory, but strongly encouraged. This code was developed 
with the lead from the Ministry of Agriculture, and a strong involvement of forest producers, forest 
service providers, and several stakeholders. 

Similarly, the forest industry has actively participated in the development of Decree No. 372/99, which 
regulates the working conditions in the sector, including safety, working regime, and living conditions 
for workers staying in the forest sites, among others. This regulation is unique in Uruguay, and forest 
workers are the only ones enjoying such benefit. 

Larger forest companies in Uruguay have implemented several programs for supporting the 
communities in the regions where they operate. As an example, one company in the North region has 
provided training, infrastructure and materials for production of shiitake mushrooms on eucalypt logs 
by a group of women. These mushrooms are processed and sold to distributors reaching all of the 
country, thus generating a new source of income for the community. 

Several of those companies have also a number of environmental programs, aiming at minimizing the 
possible negative impacts, and maximizing the positive ones of their activity. One company in the 
North region invested a large sum in the implementation of a 30-year research program on the 
hydrological impacts of pine plantations. Another company in the west region has created biodiversity 
protected areas. All these programs are conducted by reputable independent scientists from Uruguay 
and abroad. 

Perhaps the most significant associated impacts of the development of the forestry sector in Uruguay 
are the creation of a substantial number of new, high quality jobs in a country suffering a chronic 
unemployment problem, and the contribution to climate change mitigation. According to a recent 
study by the Society of Forest Producers ("Sociedad de Productores Forestales"), the forest industry 
would have created, by 2010, 14,000 new jobs, in a country with a total work force of 1 million. Carbon 
sequestration by forests since 1990 has been estimated by MVOTMA/UCC as 130 Mt CO2 by 2012, a 
figure equivalent to the total emission of this gas in the country in the same period. 

 

 

4. Domestic purchasing of wood 

There are three basic practices used to purchase wood in the market. 

1. Purchasing forest together with land 

This is the simplest way of securing the volumes which are available or will be available in the future. 
There is no restriction for corporations with bearer shares to purchase real estate, and the forest owner 
is exempt from paying real estate and income taxes from all its productive activity, including forestry. 

2. Purchasing only the forest 

This way of buying is the most common one today, covering adult forests to be harvested in not more 
than one year. The contract can be done on the basis of the whole forest, or based on the amount of 
SCBM, PCBM (Piled Cubic Meters) or tons. The payment terms are agreed upon by both parties. 
Normally the total payment is done by the time the harvest is finished.  

Very few deals have been done on a “futures” basis, in which the harvesting date is usually more than 3 
years away. This type of contract has practically not been used up to now. 

A new legislation on Trust Funds was approved recently. There are some studies going on to 
investigate the possibility of applying this system for the forest sector.  

3. Purchasing wood 

Wood is bought domestically at roadside or delivered at the exporter’s log yard. The basis can be the 
SCBM, PCBM or tons, normally reaching an agreement for a fixed price covering a certain amount 
with a specified delivery period or rate (e.g. 5,000 SCBM per month). Contracts have been signed for a 
year at most, but normally the time span is determined by the total volume contracted and the rate at 
which the supplier can deliver. Payment is nearly always done after delivery, from 15 to 30 days.  
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B) Part II: Potential for AR-CDM Projects in Uruguay 

1. Background Information on the CDM in Uruguay 

Uruguay ratified the UNFCCC in November 1994 (Law No. 16,517 of 22 July, 1994) and the Kyoto 
Protocol in February, 2001 (Law No. 17,279 of 23 November, 2000). The Ministry of Environment 
(MVOTMA) acted as the national authority for the application of the UNFCCC in Uruguay since 1994, 
but this was not formally recognized until 2000, when the Environment Protection General Law was 
passed (Law No. 17,283 of 28 November, 2000). The Climate Change Unit (CCU) of MVOTMA, 
created in 1994, became the executive office of the Designated National Authority for the CDM in July 
2001 (Ministerial Decision No. 341/2001). 

The country was very active in the compliance with its obligations under the UNFCCC. Uruguay was 
among the first Non-Annex I countries to submit the First and Second National Communications 
(December 1997 and May 2004, respectively) and is currently preparing the Third National 
Communication. National Greenhouse Gas Inventories have been reported for 1990, 1994, 1998, 2000 
and 2002. A program for general measures for climate change adaptation and mitigation 
(PMEGEMA), implemented in 2003, allowed to identify a number of measures which were declared as 
of national priority by MVOTMA´s Ministerial Decision 420/2003 of 26 November 2003. Another 
program for voluntary emissions reductions (PRONAVEN) is planned to be implemented in the near 
future. 

A formal decision to establish a CDM National Board to be composed by five Ministers and supported 
by a Technical Advisory Committee, proposed in 2002 by UCC, is still pending. In the meantime, the 
UCC acts as the DNA, and coordinates the actions of the other Ministries involved.  

Several actions have been undertaken for promoting the CDM in the country. A "Study in Support of 
the CDM in Uruguay", finalized in 2002, identified potential activities for CDM projects and the 
corresponding costs for reducing emissions. This was followed by the National Strategy Study for the 
CDM (NSS), completed in 2003 with the support from the Canadian government. The NSS included, 
among others, a description of the procedures to be followed for developing CDM projects, an analysis 
of legal issues (e.g., property rights of CERs), definitions of the roles of the various stakeholders, and a 
portfolio of twelve project idea notes and several project concept notes. In the same year, a tool for 
assessing the contribution of proposed CDM project activities to the sustainable development of the 
country was developed with the participation of representatives from the civil society, the government, 
private actors and the academia. 

More recently, some actions in support of specific project types (landfill gas recovery, renewable 
energy) were performed with the support of the GEF and the Spanish government. Also, an updated 
version of the portfolio of CDM projects was finalized recently, to be used in international promotion 
of the CDM in Uruguay. This portfolio includes ten project idea notes, including two for AR CDM 
projects. The DNA also participates regularly in several activities with other regional DNAs and with 
various international organizations, including multilateral carbon funds. 

For the particular case of afforestation/reforestation CDM projects, Uruguay has been very active in 
the negotiation process which led to UNFCCC Decision 19/CP.9, and has implemented a number of 
initiatives in support of the future implementation of projects. With the support of the international 
cooperation agencies of the governments of Spain (AECI) and Japan (JICA), several studies are being 
conducted to, among others, identify potential project ideas, train local people, raise awareness on 
opportunities related with AR CDM in the country, and prepare a tool for assessing the contribution of 
AR-CDM projects to Uruguay's sustainable development. 

So far, in spite of all the efforts made, and of being in the CDM most active region of the world (Latin 
America), CDM activity in Uruguay has been very slow. No projects have been registered as of May 
2006. There is one fuel switch small-scale project proposed by a cement manufacturing company, 
which is in the process of validation. Also, the Municipal Government of Montevideo (IMM) is 
planning to implement a large-scale landfill gas collection project, and signed an emission reduction 
purchase agreement with the Spanish Carbon Fund. However, IMM has still not submitted the PDD 
for validation. A few more projects for afforestation and for electricity generation from renewable 
sources, mostly wind and biomass, are currently in the early stages of development. 
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As discussed below, Uruguay has a large potential for developing AR CDM projects, but this has still 
not resulted in implementation of projects. The lack of suitable baseline/monitoring methodologies is 
a major factor for this lack of activity. Carbosur has developed and submitted to the CDM EB a new 
proposed methodology, which was rejected twice and will be submitted shortly for the third time. 
Another Uruguayan company also submitted a methodology which was rejected as well. 
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2. Positive Features of Uruguay for AR-CDM Projects  

2.1. Forestry Investments 

The high potential of Uruguay for the development of carbon sinks under the CDM derives from the 
following features of the country's forestry industry, most of which were already discussed in Part A of 
this report: 

� Extensive areas of land available for new plantations, and highly suitable climate for tree 
growth. 

� Clear property rights of the land: all lands are clearly identified and measured, and properly 
registered in the Cadastral System. Seven-wire fencing is enforced to mark the boundaries of 
all land properties. 

� Lack of social conflicts for the land. There is no native population, and rural population is very 
scarce, particularly in areas with best potential for AR-CDM. 

� Sub-utilization of the land. Low productivity of extensive cattle farming makes forestry a 
competitive activity. 

� Wood processing industry undergoing rapid development. This, along with the existence of 
very good infrastructure for wood transportation and trade, ensures the existence of a market 
for wood products to be obtained in new projects. 

� Highly sustainable forest model. Uruguay is a member of the Montreal Process and has 
implemented the monitoring of all criteria and indicators covered by this agreement. Also, 
nearly 50% of the forest plantations in the country are certified either under FSC or ISO 
14,000 standards. This provides a competitive advantage to Uruguayan wood products in the 
international markets and helps to comply with one of the basic objectives of the CDM, which 
is to contribute to the sustainable development of the host country. 

 

All these factors make Uruguay a highly attractive place for investing in forestry projects. According to 
the Inter American Development Bank (IADB), Uruguay ranked third (with Argentina) in Latin 
America in its Forestry Investment Attractiveness Index 20021. This index (see graph below) measures 
a number of indicators at the supra, inter and intra-sectoral levels. Uruguay ranked relatively poorly in 
the supra-sector indicators, reflecting the economic crisis suffered by the country in 2002-2003. Now 
that the crisis has been overcome, and given the new flux of investments for wood industrial 
development that have occurred over the last two years, the index for Uruguay would be at present 
much closer to that for Brazil and Chile, and clearly superior to Argentina's.  

                                                             

 

1 Inter American Development Bank, 2004. Forestry Investment Attractiveness Index 2002.  Washington DC, USA. 
http://www.iadb.org/regions/re2/forestal/id/iaif_completo.pdf 
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Forestry Investment Attractiveness Indexes (dark green) for Latin American 
countries in 2002 (Source: Inter American Development Bank, 2004).  

 

2.2. Afforestation/Reforestation CDM Projects 

Uruguay has also several advantages which are specific for AR-CDM projects. Some of these 
advantages (e.g., contribution to sustainable development, low human population density, clearly 
delimited farm boundaries) were already highlighted in the previous section. 

Most of the land of Uruguay, as it was shown in Part A of this report, is naturally covered by grassland 
vegetation. Native forests are mostly restricted to the margins of water streams, and cover less than 5% 
of the land territory. Human intervention dates back to the 17th century, when the Spanish colonizers 
introduced the beef cattle. The land remained mostly as grassland, with some areas with the most 
fertile soils having been converted to cropland. This ensures that the vast majority of the land territory 
of Uruguay would qualify as eligible for afforestation. This is a major positive factor for AR CDM 
projects as compared to other countries. 

Reinforcing the previous statement, there is excellent documentation available in the country for 
determining the eligibility of the land for AR project activities. A set of aerial photographs with full 
coverage of the land territory of Uruguay is available for the years 1967-1969. Another set from the late 
1980s provides almost full coverage. Also, Landsat images are available since 1987-1988. Therefore, 
with these remote sensing documents, the eventual presence of forests in a given piece of land could be 
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accurately traced back for at least 40 years, thus providing assurance about the eligibility of the land 
for reforestation projects. For the case of afforestation, remote sensing must be complemented with 
other ground-based sources of information about the land use between 40 and 50 years ago. 
Considering that forest plantation did not start as a significant activity until the 1990s, this should not 
be a difficult task. 

Related with the above, it is worth mentioning that Uruguayan government (Direccion Forestal) keeps 
an official registry with virtually all the plantation forests and about two thirds of native forests. The 
owners of these forests have a strong incentive to report their management plans, since by doing so, 
they become eligible for tax exemptions. 

National statistics on land-based activities and information on natural resources are very well 
documented both at the government and at the private sector levels. These data are highly valuable for 
implementation of CDM projects. 

National statistics are needed for, inter alia, performing baseline studies, testing of additionally, and 
assessing the contribution of the proposed project activity to the country's sustainable development. 
Uruguayan government has been performing annual surveys and periodic agricultural censuses for 
several decades. Records are kept for a total of 693 small administrative regions (Agricultural Census) 
and for 278 Police Sections (annual surveys). In addition, the government collects annual reports from 
individual farms, and this could be a valuable source of information about past use of the land.  

Information on natural resources, e.g., soils, are very relevant for ex-ante estimations of carbon 
sequestration and for carbon pool monitoring purposes. Uruguay has a soils map at the 1:50,000 scale 
covering 100% of the territory, which was developed in support of the taxation system. This soil map is 
very useful for stratification of land project areas for the purpose of monitoring. And, when combined 
with analytical data from Soil Survey (from Ministry of Agriculture) and with project site-specific soil 
surveys, it can be a valuable tool for estimating he potential changes in soil organic carbon due to 
implementation of project activities. 

High transaction costs, high monitoring costs, and relatively low value of forestry CERs due to their 
temporary nature, are all factors imposing a requirement for AR-CDM projects to be of large scale in 
order to be feasible. The large size of individual land units, particularly in the areas with best potential 
for AR-CDM, is another positive feature of Uruguay. Farm sizes in the range from 500 to 5,000 ha are 
the most common. 

Scientific knowledge generated in the country, although not sufficient, enables the determination of 
country-specific and even region-specific (at the sub-country level) carbon stock change factors to be 
used in estimation of carbon stock changes both within and outside project boundaries, as well as in 
the baseline scenarios. This knowledge has very good development for variables such as commercial 
wood increments and soil organic carbon dynamics. As discussed below, there are some gaps in 
knowledge, particularly related to biomass expansion factors and root-to-shoot ratios, which need to 
be covered. 

 

2.3. Types of CDM projects to be promoted by the Uruguayan government 

The Uruguayan government is in the process of defining its priorities for AR CDM projects. Even 
though there is no official decision yet, there are some indications about what the Uruguayan 
government will consider as compatible with the sustainable development objectives of the country. 

In spite of all the positive impacts of the forestry development in Uruguay, including environmental 
and socio-economic impacts, there is a lot of controversy, fueled by environmental activists, about the 
convenience for the country of such development. In particular, eucalypt plantations in short rotations 
for pulpwood production are the preferred target. Environmental NGOs have a strong voice in the 
current government, and this has caused concerns among policymakers, who may adopt decisions to at 
least partly satisfy their demands. It is very likely that the government will finally decide that short 
rotation forestry is not compatible with the sustainable development priorities of the country and, 
therefore, AR-CDM projects based on this type of plantations will not be endorsed. But it is worth 
mentioning that this is not an explicit policy, and may be subject to future reversal. 

On the other hand, one government agency (Climate Change Projects Unit from MGAP) has made 
explicit what type of AR-CDM projects they would like to promote, and is undertaking concrete 
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actions, with the financial and technical support from JICA (Japan) and AECI (Spain), in this regard. 
This is a very positive signal, since having clear definitions and low uncertainties is essential for 
prospect investors. 

Silvopastoral projects have been mentioned as one of the types to be promoted. There is some 
confusion, even within the government, on what the definition of silvopastoral is. To some people, it 
means widely-spaced tree plantation rows with cattle grazing in the space between rows. To other 
people, it simply means the coexistence of both forestry and cattle within the same farm, but with 
clearly defined land areas for each type of production. It is likely that both types will be considered as 
acceptable, and the choice will be left to project developers, who will probably decide based on their 
production priorities (i.e., whether they prefer to prioritize wood over beef or vice versa). 

Long-rotation industrial plantations for obtaining solid wood products has been mentioned as another 
type of projects to be promoted. There is good experience in Uruguay with this type of plantations, 
although their adoption has been limited by the long periods of return of the investments. Most 
investors are not willing to wait for the 18 to 25 years it takes to harvest the highly-valued saw logs and 
veneer logs, and prefer shorter rotations at the expense of higher profits. Also, there are no incentives 
from the government to promote this type of forest management. Now the government is seeing the 
CDM as having the role of providing those incentives through carbon financing. 

Besides long-rotation plantations with conventional species (pine, eucalypt), afforestation projects 
based on high-value  hardwood species, including some promising native species, is considered as part 
of the sustainable development priorities of the country. There are some fundamental barriers 
associated with the use of these species, chiefly their extremely long rotation requirement (e.g., more 
than 50 years) and the lack of basic silvicultural knowledge and technology. The government hopes 
that these barriers can be at least partly removed by carbon financing.    

Another type of project favored by the government is afforestation for restoration of degraded lands. 
As it was shown in Part A of this report, some land areas in the south and west of the country have 
been severely degraded by their intensive use for crop production, particularly sugar beets, in the past. 
The soils in these are of very low productivity, and therefore not very attractive for industrial forest 
plantations. The government has identified three specific project sites for this type of project.  

Tree farming is also part of the priority list. A new regulation to be approved shortly will provide tax 
cuts to farmers throughout the country which plant up to 5% of their land with trees. This is primarily 
intended for providing shelter for the cattle. However, a tax cut would not be enough incentive for the 
establishment of these shelter plantations, which require an investment. Carbon financing from the 
CDM would be important to secure the needed funding. 

Finally, afforestation projects including a bioenergy component will also be considered as prioritary. 
Uruguay is facing a shortage of energy in the coming years, and investments contributing to the 
country's energy security will be highly welcome. These projects may include decentralized electricity 
generation, and even biofuels from wood residues. 
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3. Barriers for AR-CDM Projects in Uruguay 

AR CDM projects need to overcome several types of barriers in order to be implemented. Some of 
these barriers are intrinsical to the CDM, and other are more specific for the conditions of Uruguay. 

3.1. Baseline and Monitoring Methodologies 

The lack of suitable approved baseline and monitoring methodologies is probably the most significant 
barrier, both at the international level and in Uruguay. Up to now (May 2006), only four 
baseline/monitoring methodologies have been approved for AR CDM projects. One of them is for 
small scale projects, and the other three are applicable to large-scale projects on degraded land. As 
discussed below, all these methodologies have limitations to their applicability in Uruguay  

According to decision 19/CP.9 (art. 1.i), small-scale AR projects must be "developed or implemented 
by low-income communities and individuals as determined by the host Party". This collides with the 
fact that land in Uruguay which could be potentially used for AR CDM projects is owned by relatively 
wealthy individuals. In addition, the small scale AR methodology approved by the EB requires that soil 
be not ploughed before plantation, and this is not compatible with the prevailing practice in Uruguay 
for establishment of forest plantation. 

Approved methodologies AR0001 and AR0002 apply to situations where the project activity does not 
lead to a shift of pre-project activities outside the project boundary. This is a major restriction for 
applicability in Uruguay, where virtually all the land is used for agricultural production, and 
afforestation will necessarily cause a displacement of activities (e.g., grazing). In addition, these two 
methodologies require still degrading, severely degraded lands. There are only two regions (see below) 
in Uruguay where lands are considered as severely degraded. Finally, the methodologies preclude the 
occurrence of grazing within project boundaries, and this is also against prevailing practice in 
Uruguay, where grazing of unplanted areas within project boundaries (i.e., areas which service forests 
as fire breaks, buffer zones, infrastructure, etc.) is used for obtaining animal products and for reducing 
the fuel volumes as a forest fire prevention measure. 

Approved methodology AR0003 is similar in many respects to AR0001 and AR0002, but its 
conditions for applicability are more suitable for Uruguayan forestry situation. Unlike the two previous 
methodologies, AR0003 allows grazing within project boundaries and shifting of pre-project activities 
outside the project boundary. It still requires that the lands be severely degraded, and this may be the 
main obstacle for its application in Uruguay. 

Ibira Methodology, prepared by Carbosur, submitted to the EB as ARNM0004 and ARNM0014, and 
rejected both times, was developed for the specific conditions of Uruguay. The inclusion of a livestock 
intensification component, intended to avoid displacement of livestock activity and to reduce livestock 
emissions (the main greenhouse gas source in Uruguay, with 82% of total emissions), was poorly 
understood by the AR Working Group, and caused a great deal of resistance for approval. The 
methodology is currently being reformatted to comply with the requests posed by the AR Working 
Group. A third version will be submitted shortly. 

3.2. Lack of a Market for AR CERs 

AR CDM projects have two possible special types of certified emission reductions: tCERs and lCERs. 
Both have in common that they have an expiry date and, upon their expiration they must be replaced. 
Because of this, they are expected to achieve a market price lower than that for regular CERs. The lack 
of a fluid market for this type of CERs constitutes a barrier for project implementation, because 
potential investors have high uncertainties about the potential income to be derived from carbon 
finance. This problem applies to any country, not just Uruguay, and underscores the strategic 
importance of the development of the first AR CDM projects and the start of the market activity. 

3.3. High Transaction Costs and Monitoring Costs 

CDM projects in general have high transaction costs, but this is more so for AR CDM projects. 
Methodologies for AR projects are substantially more complex than for emission reduction CDM 
projects, and this causes associated costs (i.e., development of methodologies, project validation, etc.) 
to be higher. Due to the complexity of the methodologies, and to the large extension of the land areas 
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to cover, among other factors, monitoring costs are also much higher for AR than for regular CDM 
projects. This is also an important barrier for implementation of these projects in Uruguay and 
elsewhere. 

3.4. Additionality 

Demonstration of additionality (i.e., that the project is not part of the baseline) is one of the main 
issues for CDM projects in general. In the case of afforestation projects in Uruguay, demonstration of 
additionality may be clouded by the currently intense activity in the forest industry, with the 
development of two or three pulp mills and the plantation of new areas, after a few years of low activity 
(as shown in Part A of this report). 

We believe that the best way to demonstrate additionality in the conditions of Uruguay is through the 
comparison of the expected internal rate of return of the proposed project activity without carbon 
finance with some benchmark internal rate of return to be estimated based on a basic interest rate plus 
due consideration of country risk and forestry investments risk. Currently, this benchmark IRR is 
around 12.5%. In addition, and as a conservative measure, a suitable methodology should enforce a 
barriers and a common practice analyses. 

The main factors affecting the internal rate of return are the value of land, plantation and management 
costs and, more importantly, the stumpage value of the wood. The latter is highly determined by the 
distance to the point of delivery of the harvested wood. In consequence, project sites located far away 
from pulp mills and harbours will be in a better position to demonstrate additionality than sites locate 
near those points. However, since price of the land can also vary with distance to those points, project 
sites located near a pulp mill or a harbour could conceivable comply with additionality as well. 

3.5. Other Barriers 

Some other factors may act as barriers against the development of AR CDM projects in Uruguay. These 
include the following: 

Definition of forest: according to Decision 19/CP.9, the DNA of the host country must submit to the EB 
its own definition of forest to be used in AR CDM projects. Uruguayan government has still not 
complied with this requirement and, until it does, it will not be possible to submit AR CDM projects. 
The DNA has informed us that the definition will be sent shortly to the EB. 

Assessment of the contribution of a proposed project activity to the sustainable development of the 
country: as it was mentioned above, Uruguay has developed a tool for assessing the contribution to 
sustainable development, but it does not apply to AR CDM projects. Currently, such a tool is being 
developed, and will likely be finished by the end of the current year. It is worth mentioning that the 
inexistence of this tool does not preclude projects from being accepted. 

Limitations in scientific knowledge: as mentioned above, there are some gaps in knowledge that need 
to be filled before AR CDM projects can be fully operational. More knowledge is needed on biomass 
expansion factors, allometric equations or forest biomass growth models. Although not essential, some 
locally obtained information on root-to-shoot ratios and soil organic carbon dynamics in forest land 
would be valuable. 

Limited knowledge, among prospect forest investors, of the opportunities for carbon financing through 
the CDM. The implementation of the first projects will undoubtedly help to overcome this barrier. 
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4. Possible Project Sites 

According to discussions above, AR CDM could conceivable be implemented almost everywhere in the 
land territory of Uruguay. However, attending to restrictions imposed by the government and to the 
likelihood of demonstration of additionality, we have identified three main areas where land is more 
likely to be eligible. 

The first area is shown in the map below. This area is located in the Central-East region of Uruguay 
and includes parts of the departments of Cerro Largo and Treinta y Tres. This region covers a total 
area of forest priority soils of nearly 600,000 hectares, from which less than 2 % are currently under 
forest. The low values of IRR obtained by actual forest projects in this area (long distance to ports or 
forest industries), is the main reason for eligibility. 
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There are two other regions that can be eligible for AR-CDM projects due to the presence of degraded 
soils. As shown in the next figure, these regions are located in the North-West area of the country, 
mainly in the department of Paysandu (between the cities of Paysandu and Salto), and in the South 
area (surrounding the city of Montevideo). These two regions are catalogued by “Direccion General de 
Recursos Naturales Renovables” as severely eroded. 

 

 

 

A new regulation (to be passed within a few weeks) will increase the area of forest priority soils by 
allowing to plant trees in an area of up to 5% of every farm. This could add an extra 0.5 million ha 
scattered all over the country. 
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5. Concluding Remarks 

The CDM is shaping as a significant contributor to the global effort to mitigate climate change and, 
with 180 projects already registered, and 600 more in the pipeline, will very likely be highly effective in 
assisting Annex-B countries in complying with their commitments under the Kyoto Protocol. However, 
considering the difficulties that some of these countries are anticipated to have in meeting their 2012 
emission targets, the slow development of Joint Implementation mechanism and the reluctance from 
several potential buyers to use "hot air" credits, there is large uncertainty about future prices of CERs 
and, therefore, about the costs of compliance. 

CERs from AR-CDM projects constitute a differentiated product for the global carbon market. Due to 
their temporary nature, their market price will be lower than that for regular CERs and for other types 
of carbon credits. Some Annex-B countries, most notably Japan, are entitled to use large amounts of 
AR CERs for their compliance in the First Commitment Period. The low cost of these CERs makes 
them attractive to be used as part of the portfolio of compliance instruments, in order to keep the 
average carbon credit costs at a reasonably low level. 

In addition to producing a low-cost compliance instrument, AR CDM projects are arguably more 
effective than regular CDM projects in contributing to sustainable development of Non-Annex I 
countries. This is particularly true in Latin America, where deforestation and land degradation are at 
the root of major social problems. Carbon intensity in these countries is relatively low, and 
opportunities to reduce emissions are not very abundant. Afforestation and reforestation, on the other 
hand, can help reducing the pressure on native forests and effectively support the livelihoods in rural 
areas.  

Uruguay has the potential to become an important supplier of AR CERs. As we showed in this report, 
the country has a successful history of sustainable development induced by a newly created forest 
industry. Carbon financing can be very helpful in extending this experience to areas which were not 
favoured by the forest investments in the past. We estimate that between 0.5 to 0.8 million ha of new 
plantations could be potentially established under the CDM within the next 15-20 years, with a net 
removal of around 150 to 280 Mt CO2 from the atmosphere. 

 

 

 


