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1. General description of the project area

1.1. Project location and basic physical parameters

This programmatic project will recruit a total of 12,000 hectares of privately
owned forest (involving some 100 farm owners) that do not necessarily form a
single forest block. The geographical distribution of these 12,000 hectares will be
determined by the location of the farms of owners who voluntarily join the
program. Recruitment will take place in a total area of 30,000 hectares of
privately owned forest lands, in an area of interest of 39,522 hectares inside the
Central Volcanic Range Conservation Area (ACCVC), specifically in the Central
Volcanic Range Forest Reserve (RFCVC), in Cartago and Limén provinces
(Figure 8). No national parks or biological reserves are included in these 39,522
hectares, although the area does border on several national parks (to the west
with Braulio Carrillo National Park and to the south with Irazi and Turrialba
National Parks). It is also important to note that the Guacimo and Pococi aquifers
are inside the project area of interest.

Climate

Precipitation

Given the topography of the RFCVC, precipitation is orographic, which makes it
common for forest cover at the higher elevations to be cloud forest.

There are no dry months in the project area, as it rains throughout the year. This
has been indicated by Lozilla et al (2006) in Tablel and Figure 1. The
precipitation regime in the mountainous sector consists of seven very rainy
months (May-November) and five less rainy months (December-April).

Lozilla et al (2006) also indicate that the Chindama meteorological station best
describes the climatic conditions of the project area. Data from 1993 to 2005 are
presented as monthly averages in the following table.

Table 1: Annual average precipitation in the Pax Na tura project area,
ACCVC, Costa Rica.

Jan. Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec Total
585.0 359.6 316.2 362.7 693.7 6589 5976 676.0 1569.5 558.8 785.9 628.8 6792

Source: National Meteorological Institute, Chindama Station.
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Figure 1: Average monthly precipitation distributio n, Chindama Station.
Source: Table 1, prepared by the authors.

Temperature

The annual averages for maximum, medium, and minimum daily temperatures are 30.3°C,
25.3°C, and 20.3°C, respectively. Temperatures are lower in the less rainy (drier) months
due to increased winds, related to the lack of cloud cover during the day and lower
temperatures at night. The lowest minimum daily temperatures occur in January and
February (averaging 19.5°C and 19.9°C, respectively), while the highest maximum daily
temperatures occur in May and September (averaging 31.4°C and 30.9°C, respectively).

The annual average variation in the highest and lowest temperatures is a mere 2.4°C,
representing a small month-to-month variation throughout the year.

Sunshine

The closest meteorological station that reports sunshine data is the Rio Fri6 station
(100 meters above sea level). From this data, considered representative for the intermediate
sector of alluvial fans, the highest values of effective sunshine hours occur between the
months of November and March, with an average 4.7 hours/day; the highest average
sunshine occurs in January and February (5.1 hours/day). In the rainy months the average is
3.8 hours per day; July reports the lowest average, at 3.1 hours/day.

Relative humidity

The annual distribution of relative humidity is very similar to the annual distribution of
precipitation, directly related to the lower or greater availability of moisture on evaporation
surfaces. The highest values occur in July and August (88%); the lowest in April (79%).



Wind

Although no meteorological stations near the project area keep wind records, the climate
statistics of the Poas Volcano station can be used as a reference. There, the annual average
wind speed is 1.6 kilometers per hour. The highest daily average wind speeds occur in
December, January and February, and average 2.3 km/hr. In general, the winds in the area
are characterized as light, according to the Beaufort: scale, and do not often cause
damages.

Evapotranspiration

According to Lozilla et al (2006), in the intermediate sector of alluvial fans, the monthly
average evapotranspiration potential (ETP) was determined in millimeters using the
Hargreaves method for Costa Rica, since more sophisticated methods require climatic
parameters not available for the area.

The Hargreaves method is based on a formula that uses monthly averages of temperature
(°C), relative humidity (%), and extraterrestrial radiation for the latitude of the area.

For calculating the aquifer recharge potential of the three sectors of Pococi and Guacimo
cantons (mountainous, alluvial fans, alluvial plains), average relative humidity and average
temperature values obtained from the Rio Frio station were used to calculate ETP, yielding
an annual ETP of 1674.4 mm. The highest ETP values occur in March and April, when they
reach 157.5 mm and 152.9 mm, respectively.

Interception

Given the continuity of precipitation throughout most of the year, the percentage of
interception by vegetation and depressions is considered negligible since foliage remains
moist and the interception process ends within a very short period of time.

Geology and soils

The geology in the project area has its origins in volcanic manifestations
occurring primarily in the Quaternary period; although there are some well-
identified volcanoes, it is possible that its origin was influenced by fissure
eruptions. According to Lozilla (2006) and Cordero (2005), the geology of the
area is characterized by a sequence of lava and pyroclasts, associated with lava
formations, ignimbrites, and lahars from the Irazd and Turrialba volcanic centers.
It is composed almost entirely of andesites and basaltic andesites; in addition,
layers of lava with highly fractured zones are common.

According to Cordero (2005), in the Guacimo and Pococi aquifer zone, the
landforms of the higher and intermediate elevations originated in the volcanic
activity of Turrialba and Irazt volcanoes during the Quaternary period. At the
higher elevations, the unit is characterized by a volcanic edifice that descends
uniformly toward terrain characterized by alluvial fans and debris cones sharply
dissected by the action of surface water at intermediate elevations, then toward
alluvial materials of moderate relief and slightly rolling terrain at the lower level.

The large water surpluses produced at higher elevations, even under dense
forest cover, caused extensive incision of the original volcanic terrain made up of
layers of lava, mud flows, lahars and ash deposits. That facilitated modeling with



a slope break line that divides the base of the fluvial debris cones, with areas
produced by alluvial accumulation in a resulting flat-to-rolling topography.

The spatial environment of the project area and its morphological configuration
has slopes with 30% to 60% inclines in the recharge area at the headwaters of
the Jiménez, Roca, Perla and other rivers that descend from the mountains to
form a radial drainage system in the intermediate and low sections. At the base
of the fans and near the cities of Guapiles, Guacimo and Jiménez in the
distribution area, the morphology is flat-to-rolling slopes with 5% to 15% inclines
that lead to the low units where natural drainage systems meander along a
concave-to-flat terrain with 1% to 5% slopes.

In general, the hydrodynamic characteristics produce areas with excess water,
which is channeled toward natural beds, thus reducing its erosive capacity.

In the upper reaches of the recharge area of the hydrological systems, residual
soils have developed through a process of intense pedogenesis. Surface
formations supported the development of andisols (due to the presence of
amorphous materials in their typical profile) with excellent moisture-retaining
capacity, to entisols in early development due to their limited development,
especially in areas with very steep slopes.

In the formations of alluvial terraces and plains of the most important rivers, soils
are characterized by light- and medium-textured inceptisols, ranging from sandy
clay, sandy-silty clay to loamy-sandy or loamy-clay, which are suitable for
agriculture but susceptible to erosion.

Hydrology

The surface of the project area is made up of volcanic soils with high infiltration
capacity in their natural state, meaning that they fulfill a very important function in
regulating surface runoff and recharging the aquifers that originate there.

According to Lozilla et al (2006), the highly permeable layer of fractured lava,
combined with the conditions of heavy precipitation, produced aquifers with very
high potential in those layers. For their part, the lava formations behave as a low
permeability aquitard at the base of the aquifers, allowing for the vertical transfer
of water between them.

A study prepared for FONAFIFO by Fallas (2006) shows the project area to be
one of the areas with the greatest potential for infiltration, with an annual average
output capacity ranging from 2,195 mm to 2,796 mm.

A study on groundwater vulnerability to contamination (using the DRASTIC
model and Geographic Information Systems) conducted by the GIS of the
National University reported that one of the areas characterized as very



vulnerable is in the northwestern section of the Central Volcanic Range, in the
Guapiles-Guacimo and Siquirres aquifers.

1.2.Vegetation in the project area: types and con  dition

A FUNDECOR analysis of the Landsat satellite image of the area (2005)
determined that the project area comprises 30,018 hectares of non-cloud forest,
excluding forests inside national parks and biological reserves. A proportional
distribution of clouds by land-use category determined that total forest cover in
the project area may be as much as 34,200 hectares.

The forest area without cloud cover is distributed among six Life Zones,
according to Holdridge’s classification (1971). The following table shows the
number of hectares in each ecosystem, excluding national parks and biological
reserves.

Table 2: Forest area (hectares) by life zone for the  Pax Natura project.
ACCVC, Costa Rica.

Life Zone Forest (ha)

Tropical wet forest, Premontane transition (bmh-P) 9,037
Premontane rainforest (bp-P) 12,632
Lower montane rainforest (bp-MB) 6,494
Montane rainforest (bp-M) 735
Tropical wet forest (bomh-T) 964
Wet forest, basal belt transition (bmh-B) 156
Total 30,018

Source: Land-use map based on Landsat image (2005), prepared by FUNDECOR-GIS Laboratory.

1.3.Carbon pools in the project area

According to the Intergovernmental Panel on Climate Change (IPCC, 2006), the
carbon pools in forest lands are biomass, dead wood, and organic matter in the
soil. To estimate the carbon pool in the project area, only above-ground biomass
made up of all the above-ground live woody vegetation, including stems,
branches, cortex, fruits and foliage, and excluding herbaceous biomass, was
considered. Dead wood, litter, and soil-stored carbon were not considered in
calculating the biomass of the soill.

Dead organic matter. Because the project area is not affected by management
practices or disturbances that significantly change the forest's mortality and
recruitment patterns, it has been assumed that the pool comprising dead wood
and litter are in equilibrium, and that the change in the pool of dead organic
matter is zero.

Figure 2 shows the regional and temporal variability of above-ground biomass
observed in FUNDECOR’s network of permanent plots, established both in
forests under polycyclic management and under protection arrangements in the



Tortuguero and Central Volcanic Range Conservation Areas. As can be seen, in
the period 1989-2007 the impact of natural disturbances and of FUNDECOR'’s
forest management system on forest mortality and recruitment produced, for the
most part, variations in above-ground biomass amounting to less than 10%.

Soil carbon: Considering the linear model of Powers et al (2004) for elevations
higher than 120 m, it is estimated that the average carbon pool, to a depth of 30
cm, for the project area under forest cover is 104.8 Mg*ha™. This model was
developed for a 140,000 hectare area in the Sarapiqui region, which is less than
20 kilometers from the project area. Also, using a linear model developed by the
same authors, it is estimated that the percentage change in the carbon pool
resulting from forest conversion to pasture is 26.11%.

The foregoing implies that the carbon pool in the project area would be reduced
by 27.36 Mg*ha™ with a change in land use from forest to pasture. Considering
that pasture lands report a carbon pool of 16 Mg*ha™ (IPCC, 2006), it was
assumed for the purposes of this project that the balance between carbon
released through a change in land use and carbon present in the resulting
pasture will be zero.
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Figure 2: Regional and temporal variability of abov  e-ground biomass
observed in FUNDECOR'’s network of permanent forest plots under
management and protection systems in the Tortuguero and Central

Volcanic Range Conservation Areas.  Source: FUNDECOR Network of Permanent Plots.
Prepared by the authors.

Above-ground biomass: According to Holdridge (1971), the forests in the
project area occupy five different life zones (see Figure 11); the above-ground
biomass for each life zone was estimated by Helmer and Brown (2000) and is
presented in Table 3.

Average biomass corrected for the forests in the pr oject area

Taking into account the proportion of original forests in the project area, the
above-ground biomass reported by Helmer and Brown (2000) was corrected for
each life zone of Costa Rican forests.



To this end, it was established that all forests appearing on the land-use maps of
1986 (CATIE, 1986) that are still present in the land-use maps of 2005
(FUNDECOR, 2007) would be regarded as original forest and consequently be
attributed 100% of the biomass reported by Helmer and Brown. The rationale is
that these forests have had 30 years or more to recover from any type of human
intervention, which ensures total occupation of the sites in all life zones.

The remaining forests did not appear in the 1986 land-use maps and are
therefore considered degraded. Although secondary forests in the northern
lowlands of Costa Rica that are five years of age and older report biomass values
greater than 40 Mg*ha™ (Sesnie, 2006), for the purposes of the present project
their biomass was taken to be zero (0 Mg*ha™).

In this way, the proportion of original forest was calculated for each life zone, and
the area of forest present in 1986 and still present in 2005 was divided by the
total forest area in that life zone found in the 2005 land-use map (FUNDECOR,
2007).

The information in Table 4 was used to estimate the average amount of carbon
per hectare for the forests in the project area. This is a weighted average of the
forest area without cloud cover, observed in 2005, by life zone.

A weighted average is used for each life zone instead of the average because
the project is programmatic and therefore the specific location of the forest blocks
that will make up the 12,000 hectares of forest to be recruited is still unknown.

Therefore, all estimates for the present project were made with the weighted
average of carbon, estimated at 115 Mg*ha ™.

Table 3: Above-ground biomass and carbon per hectar e for the different life
zones in the Pax Natura project area. ACCVC, Costa Rica .

Life Zone Number Above-ground Carbon

of sites  biomass (Mg has %) (Mg has™)

Bmh Lowland wet 8 365 160.60
Bmh-p Premontane wet 4 306 134.64
Bp-P Premontane rain 2 318 139.92
Bp-MB Lower montane rain 3 324 142.56
Bp-M Montane rain 1 309 135.96

Source: Helmer and Brown (2000)



Table 4: Average biomass corrected for forests int  he Pax Natura project
area. ACCVC, Costa Rica.

Life zone Non-cloud forest 2005 Proportion Carbon Mg*ha ™ Weighted

(hectares) original ™ In forest average

forest original with  [GHCEIROH

(forest 86) forest  corrected  Mg*ha
biomass

Bmh-T (Prem) 9,037 76% 161 122 37
Bp-P 12,632 83% 140 116 49
Bp-MB 6,494 76% 143 109 24
Bp-M 735 87% 136 118 3
Bmh-T 964 60% 161 97 3
Bmh-P (Basal) 156 40% 135 53 0
Total 30,018 115

Source: Prepared by authors based on land-use maps from Landsat images, 1986, 1992, 2000 and 2005
(CATIE, 1986; CATIE, 1994; CATIE, 2000; FUNDECOR, 2007).

1.4. Community information

The project area includes farms and isolated properties isolated from community
centers, with the exception of some very small hamlets. In general, the area is
made up of small to medium-sized properties on which owners have constructed
their homes and whose closest neighbors are at a distance of hundreds of
meters or kilometers.

The two closest large centers of population outside the project area are Guacimo
and Pococi, which belong to the cantons of the same name in Limon Province.
Since the aquifers that supply these two communities are inside the project area,
analysis of the social impact of the project will be focus on water quality, as it is
directly related to forest mass and would be seriously affected by degradation or
disappearance of same.

Table 5 contains socioeconomic indicators for these communities which, when
compared with the national social development indicator of 46.9 (Ministry of
Health, 2007), rank average.

Table 5: Socioeconomic indicators of Guacimo and Po coci cantons, Limén
Province, for the year 2006.

Social Extension Population Population Births Birth rate x Infant Infant
development (kmz) density 1000 deaths mortality
index inhabitants rate x
1000 live
births
Pococi 43.8 2,403 131,697 54.8 86.50 19.0 293 16.84 13.18
Guacimo 47.8 576 43,109 74.8 103.02 20.3 2.25 33.80 2.25

Source: Ministry of Health (2007).



Current land use and tenure in the project area

Land ownership in the project area is largely in the hands of small owners who,
through the process described later in this document, will be recruited and
brought into the project.

Because this is a programmatic project, the location of the forest blocks that will
comprise the 12,000 hectares to be recruited are still not known. Nonetheless,
the distribution of at least 6,610 hectares of forest among 56 owners can be
observed in the map in Figure 8. These land owners have already signed
agreements for forest technical assistance with FUNDECOR, and given their
commitment to conservation through those agreements, will very likely join the
Pax Natura project.

Table 6 shows land use in the project area based on a satellite image from the
Landsat 7 sensor (2005), classified by FUNDECOR’s Geographic Information
Systems Laboratory. It is important to note that more than 76.8% of the project
area is under forest cover. Most is primary forest (74.8%); the remaining 2% is
secondary growth or reforested.

1.5.Biodiversity

The project area covers 28% of the 141,000 hectares making up the Central
Volcanic Range Conservation Area (ACCVC). This territory is under different
types of management categories, including national parks, forest reserves, and
private property.

Most of the biological diversity of this Conservation Area is found in its protected
wildlife areas. According to the National Biodiversity Institute (INBio), the
topography, temperature, and precipitation of the ACCVC, as well as its location
in the national territory, make it one of the country’s most important regions in
terms of endemism, mainly for the group of land vertebrates whose endemism
represents 80.7% of the endemic species in the country, especially at the highest
elevations of the mountain ranges. It is also rich in herpetofauna (28 species),
mainly salamanders. In addition, the ACCVC is considered one of the regions of
the country with the greatest endemism in terms of avian fauna.

Some of the endemic species are: humming-bird (Elvira cupreiceps), toad (Bufo
holdridge), oak (Quercus tonduzii), in the high elevations of Poas and Barva
volcanos; and a species from the gymnosperm group, Prumnopitys standleyii.
Also the white cypress (Podocarpus macrostachyus) and a species of butterfly
(Automeris kopturae). The map below shows the endemism centers identified in
Costa Rica: green indicates the Central Volcanic Range.



Table 6: Land use in the Pax Natura project area.  ACCVC, Costa Rica.

Category Area (ha) %

Primary forest 29,553 74.8%
Manipulated forest 504 1.3%
Crops and pasture 2,934 7.4%
Wooded pasture 277 0.7%
Brush 7 0.0%
Bare soil 105 0.3%
Bodies of water 9 0.0%
Reforestation/recovery 308 0.8%
Clouds/No data 4,843 12.3%
Urban 982 2.5%
TOTAL 39,522 100.0%

Source: Land-use map of the ACCVC based on Landsat image
2005 (FUNDECOR, 2007).

There are some places in the Conservation Area that are marked by high
biological diversity. For example, 6,000 species of plants (50% of all species
expected for the entire country) have been identified in Braulio Carrillo National
Park (47,582.56 hectares), as have 515 species of resident and migratory birds,
equivalent to 60.5% of the total birds identified in Costa Rica.

In the northern sector (La Selva Protected Area) 2,000 plant species have been
recorded, of which 400 are trees, as well as 400 species of birds, 116 species of
mammals, 123 species of amphibians and reptiles, 43 species of fresh water fish,
and 1,600 species of insects.

According to the National Biodiversity Institute, more than 50 plant species are
endemic to the ACCVC. Following is more specific information on some of the
species of flora and fauna found in the ACCVC.

Flora: Species in the cloud forest include: oak (Quercus costarricensis), balsam
tree (Clusia odorata), white cypress (Podocarpus oleifolius), tongue fern
(Elaphoglossum lingua), myrtle (Vaccinium sp.), papayillo (Didymopanax pittieri),
ciprecillo (Escallonia mylloides), wild apple (Ardisia sp.), candelillo (Magnolia
poasana), white oak (Quercus sp), epiphytes and other plants.

Vegetation at the highest elevations (Irazt Volcano) is characteristic of subalpine
rain paramo, with species including myrtle (Vaccinium sp.) and tropical live oak
(Quercus oleoides). There are patches of primary vegetation of montane rain
forest, with species including black oak (Quercus sp.), jaul (Alnus acuminata),
salvia (Baddleia nitida), matagente (Oreopanax xalapensis), lorito (Weinmannia



pinnata), escalonia (Escalonia poasana), candelillo (Magnolia poasana), cow’s
tongue fern (Miconia sp.) and poor man’s umbrella (Gunnera insignis).
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Figure 3: Centers of endemism identified in Costa R  ica. Source: National
Biodiversity Institute

In the tropical wet forest, species including manu (Caryocar costarricensis),
mahogany (Swietenia macrophylla), oak (Quercus costaricensis), caobilla
(Guarea rhopalacarpa), and gavilan (Pentaclethra macroloba) are relatively
abundant. Also present are botarrama (Vochysia ferruginea), Ceiba (Ceiba
pentandra), yos (Sapium pittieri), lorito (Weinmannia pinnata), and ojoche
(Brosimun costaricanum). Other species, however, are in danger of extinction,
including nazareno (Peltogyne purpurea), gourd tree (Crescentia alata), walking
stilt palm (Iriartea deltoid) and surtuba (Geonoma binervia).

Fauna: In the ACCVC, fauna is represented by approximately 150,000 species of
insects, 550 species of birds, 150 species of mammals, and more than 100
species of amphibians and reptiles. The most characteristic species of birds
found there are: mountain robin (Turdus plebeyus), quetzal (Pharomachrus
mocinno), flame-throated warbler (Pacula gutturalis), black guan (Chamaepetes
unicolor), emerald toucanet (Aulacorynchus prasinus) and several species of
humming birds (Trochilidae); king vulture (Sarcoramphus papa), three-wattled
bellbird (Procnias tricarunculata), black-faced solitaire (Myadestes melanops),



volcano junco (Junco vulcani), acorn woodpecker (Melanerpres formicivorus),
clay-breasted robin (Turdus grayi), toucans (Ramphastos sulfuratus and
swainsonii), montezuma oropendola (Psrocolius montezuma), trogons (Trogon
sp.), woodpeckers (Melanerpes sp.), squirrel cuckoo (Piaya cayana), ornate
hawk-eagle (Spizaetus ornatus), and green macaw (Ara ambigua), among
others.
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Figure 4: Protected wildlife areas identified in Co  sta Rica with the greatest
number of globally threatened flora species. Source: INBIO (2006)

Mammal species include: white-faced capuchin (Cebus capuchinus), Central
American spider monkey (Ateles geoffroyi) and howler monkey (Alouatta
palliata); Baird’s tapir (Tapirus bairdii), puma (Puma concolor), jaguar (Panthera
onca), white-lipped peccary (Tayassu peccary), northern Tamandua anteater
(Tamandua Mexicana), red brocket deer (Mazama americana), tapeti/forest
rabbit (Sylvilagus brasiliensis), coyote (Canis latrans), nine-banded armadillo
(Dasypus novemcinctus), prehensile-tailed porcupine (Coendou mexicanus),
long-tailed weasel (Mustela frenata), ocelot (Leo pardus), red-tailed squirrel
(Sciurus granatensis), two species of sloth (Choloepus hoffmanni and Bradypus
griseus), tayra (Eira barbara), kinkajou (Potos flavus), squirrels (Sciurus sp.),
white-nosed coati (Nasua narica), paca (Agouti paca), and others.
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Figure 5. Protected wildlife areas identified in Co  sta Rica with the greatest
number of globally threatened mammal species. Source: INBio.

Conservation gaps in the ACCVC

The GRUAS Il Project identified the “gaps” in Costa Rica’s conservation system
by pinpointing the types of vegetation, fresh water ecological systems (volume II),
marine ecological systems (volume Ill), and species not adequately represented
in the present network of protected areas (SINAC, 2007).

Under this project, forest patches were identified that will help fill the
conservation gaps, based on patch size (area > 1000 hectares); presence of
special species; presence of endemic species; land-use capacity VII and VIII;
aquifer recharge areas, and overlapping of previously prioritized fresh water
ecological systems in microbasins.

As can be seen in Figure 5, the Pax Natura project area includes forest patches
that meet 100% of the aforementioned criteria.
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