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Abstract: Páramo is a term used to describe tropical 

alpine vegetation between the continuous timberline 

and the snow line in the Northern Andes. Páramo 

environments provide important species habitat and 

ecosystem services. Changes in spatial extent of the 

páramo ecosystem at Pambamarca in the Central 

Cordillera of the northern Ecuadorian Andes were 

analysed using multi-temporal Landsat TM/ETM+ 

satellite data. The region suffered a loss of 1826.6 ha 

or 20% of the total area at a rate of 100 ha/annum 

during 1988-2007 period. It is found that permanent 

páramo cover decreased from 8350 ha in 1988 to 

5864 ha in 2007 at a fairly constant rate (R²=0.94). 

This loss is attributed to expansion of commercial 

agriculture and floriculture in the valleys coupled with 

increased population pressure. Land at higher 

elevations has been cleared for small scale agriculture. 

Loss of the páramo ecosystem will exert a number of 

negative impacts on ecosystem services and 

livelihoods of the local population at Pambamarca. 

 

Keywords: Páramo ecosystem; Change analysis; 

Remote sensing; Andes 

Introduction  

Environmental changes can be temporary or 

permanent, dramatic or subtle, reversible or 

irreversible, abrupt or gradual (Coppin et al. 2004). 

Changes in native land cover can cause habitat loss 

and changes in vegetation structure, hydrologic 

regimes,  erosion  and  sedimentation  rates. 

Knowledge about land use/cover changes and their 

impacts helps us in developing mitigation and 

adaptation strategies. Land cover changes are of 

two types: complete replacement of one cover type 

by another (e.g. deforestation) and gradual 

modifications to existing covers (e.g. selective 

logging) (Yuan et al. 1999; Coppin et al. 2004). 

Changes in natural ecosystems such as tropical 

Andean páramo by grazing can be described as 

gradual modifications to existing cover. 

Páramo is a broad term used in Ecuador, 

Colombia and Venezuela to describe vegetation 

between the treeline and the snowline, at roughly 

3000 m to 5000 m a.s.l. (Luteyn 1999). Typical 

páramo comprises rosette plants, shrubs, cushion 

plants and tussock grasses (Ramsay and Oxley 1997; 

Luteyn 1999) and is rich in endemic flora and 

fauna (Luteyn 1999; Peralvo et al. 2005). Similar 

land covers are found throughout the tropical 

alpine zone, for example puna or jalca in Peru, 

moorlands in Africa, and zacatonales in Mexico 

(Luteyn 1999). As an extensive ‘carpet’ land cover, 

páramo constitutes a relatively homogeneous 
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formation. In Ecuador páramo is located along the 

eastern and western Andean chains, and on the 

flanks of isolated volcanic peaks. These regions 

generally experience high levels of rainfall and high 

average humidity. 

Some efforts have been made to document 

species composition, distribution and productivity of 

páramo as influenced by anthropogenic impacts in 

Ecuador. Ramsay and Oxley (1997) described 

growth forms in a large number of vegetation types 

across 12 sites in Ecuador. Sklenar and Jorgensen 

(1999) examined the differentiation of vegetation 

along an altitudinal gradient. A number of 

researchers have analysed the impacts of grazing, 

burning and exotic species (Poulenard et al. 2001; 

Suarez and Medina 2001; Podwojewski et al. 2002; 

Buytaert et al. 2006). However, no attempts have 

been made to analyse the changes in the spatial 

extent of páramo ecosystems over the last few 

decades. 

Compared to ground investigations and visual 

interpretation of aerial photographs or satellite 

data, digital interpretation of satellite imagery is a 

less expensive means of mapping and monitoring 

land cover changes over large areas (Dymond et al. 

1996; Macleod and Congalton 1998; Desclée et al. 

2006; Jensen 2007; Stow et al. 2008). A spatial 

resolution of 55 m in satellite data has 

been found to be adequate for mapping 

leaf area index and of 95 m for above 

ground biomass in the Mediterranean 

region  (Nijland  et  al.  2009).  

Nevertheless, detailed classification of 

forest vegetation in humid tropical 

regions and mountain areas remains a 

difficult task, even with large-scale aerial 

photographs (Trisurat et al. 2000; 

Mehner et al. 2004). Using multispectral 

aerial photographs, vegetation could be 

differentiated only in terms of dominant 

species in sub-alpine vegetation of the 

Krkonoše Mts Plateau (1300 m to 1400 

m a.s.l.) in the Czech Republic 

(Müllerová 2005). Laliberte et al. (2004) 

successfully  mapped  shrub  

encroachment in southern New Mexico 

based using high resolution aerial photos 

and QuickBird satellite imagery. This 

study aims to map and analyse 

spatiotemporal changes of the páramo 

ecosystem at Pambamarca in the northern 

Ecuadorian  Andes  using  object  oriented  

classification of Landsat imagery. 

1     Study Area 

The Pambamarca region lies in the Central 

Cordillera of the northern Ecuadorian Andes at the 

continental divide of the Pacific and Atlantic 

watersheds. The study site is located at (0°N, 

78°W), about 25 km east of Quito, the capital of 

Ecuador, covering an area of 14 km × 12 km around 

Guayllabamba and Cayambe valleys (Figure 1). 

Elevations vary from 3000 m to 4500 m a.s.l. The 

light volcanic ash soils, with light volcanic ash, are 

highly productive but extremely susceptible to 

erosion and leaching (Podwojewski et al. 2002).  

The western part of the region has experienced 

significant anthropogenic modifications since 

historical times. Including a large complex of 

hilltop fortresses associated with the Inka 

civilisation and little known Cayambe peoples 

(Connell et al. 2003), the area figures on the 

tentative list of UNESCO world heritage sites. The 

widespread grasslands have probably resulted after 

burning of vegetation over long periods of time 

(Suarez and Medina 2001). Yet, this region 

 
Figure 1 Location of Pambamarca study area, within the eastern 
extension of the northern Ecuadorian Andes. 
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continues to be a water reservoir (Buytaert et al. 

2006).  Expansion  and  intensification  of  

floriculture and other farming activities are 

relatively recent threats in the Cayambe and 

Guayllabamba valleys.  

2     Method 

Landsat Thematic Mapper (TM) imagery of 8th 

June 1988 and 15th October 1991, Enhanced 

Thematic Mapper (ETM+) imagery of 14th 

November 1999, 12th April 2002, and 31st July 2007 

and a 90 m resolution Digital Elevation Model 

(DEM) constructed from the Shuttle Radar 

Topography Mission (SRTM) data were acquired. 

ArcGIS shapefiles describing landscape features 

were downloaded from the data base of Instituto 

Geographico  Militar (Military  Geographical  

Institute) (IGM 2009). The 2007 image is a 

composite produced by merging of ETM+ images 

collected on 31st July 2007 and 17th July 2008 in 

order to avoid the missing line problem. 

The Landsat images were geo-rectified to the 

Universal Transverse Mercator projection using 

known ground control points (USGS 2009). All 

Landsat bands except band 6 (Thermal) were 

imported to Definiens® Developer 7 as multiband 

img files.  

Representative areas were selected from the 

TM images for the following land covers: páramo, 

grazing land, farmland, bare ground, cloud and 

shadow. Farmland refers to patches of mixed rural 

land use, i.e., a small farmhouse/pueblo in the 

middle of small-sized paddocks and cropland. It 

shows up as a patch of highly variable pixel values 

in the TM imagery. Grazing land refers to spatially 

extensive and continuous grass cover that is 

characterized by a relatively homogenous spectral 

response. Despite similarity in use, these two land 

cover types differ from each other in the 

absence/presence of human habitation. It is vital to 

separate them in order to homogenize the spectral 

signatures and minimise the possibility of one land 

cover getting confused with the other. The 

classification was implemented in two stages. First, 

objects with a mean elevation above 3600 m were 

classified. The classified output was then further 

refined by contextual information. At the second 

stage all remaining objects below 3600 m were 

classified along with any unclassified objects 

resulting from the contextual refinements. The 

classified results were evaluated for their accuracy 

using 50 pixels for each cover. These pixels were 

selected via stratified random sampling within a 3 

× 3 search window. Their genuine identity was 

established from intensive ground truthing. 

Mapping accuracy greater than 90% was achieved 

for all land covers. An average accuracy of 96.6% 

was achieved for páramo. Temporal changes in 

land use/cover were identified using ArcMap. The 

results were then analyzed quantitatively.  

3     Results 

3.1  Páramo loss 

In 1988 páramo covered 8350 ha, accounting 

for 51% of the total study area (Table 1) compared 

to 7927 ha in 1991, registering a reduction of 423 

ha, i.e., 5.1%. By 1999 páramo area was reduced 

further to 7527 ha and three years later to only 

6481 ha. The total loss of this land cover amounted 

to 13.9% during this period. Over 1999-2007 

period, there was a slight increase (6523.7 ha) as a 

result of recovery of 42.8 ha (0.7%). From 1988-

2007 páramo area decreased by 21.9% or at an 

annual rate of 1.1%.  

The absolute quantity of change in páramo area 

over different periods as shown in Table 1 is unable 

to indicate realistically the speed at which the 

páramo loss has occurred as each of the periods has 

a varying duration. The temporal separation 

Table 1 Area (ha) of different land covers during 1988-2007 period 

Cover 
Date of satellite imagery

8 June 1988 15 October 1991 14 November 1999 12 April 2002 31 July 2007
Paramo 8350.3 7927.3 7527.0 6480.9 6523.7 
Grazing land 3816.3 1358.6 2647.5 4293.5 2365.1 
Farmland 2552.7 4578.9 3571.0 3161.3 4069.8
Bareground 1557.7 2520.0 2639.3 2449.3 3025.0
Cloud  75.3 0.0 0.0 0.0 189.9 
Shadow 32.6 0.0 0.0 0.0 211.4 
Total 16,384.9 16,384.9 16,384.9 16,384.9 16,384.9
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between any two satellite dates varies from a 

minimum of three years to a maximum of eight 

years. Therefore, it is essential to standardize the 

páramo loss by calculating the temporal rate so that 

the rate in different periods can be directly 

comparable. In terms of the temporal rate of change, 

the third period (1999-2002) experienced the 

highest loss at 36 ha/month, followed by the first 

period (1988-2001) at 10.6 ha/month (Table 2).  

The high accuracy level at which páramo was 

classified from the satellite data ensures that these 

reported rates of change are reasonably robust. 

Nevertheless, there is always some uncertainty due 

partly to cloud and shadow. For instance, cloud 

and shadow covered 4101 ha area in 2007 

composite image and 204 ha of this area was 

classified as páramo in 2002. The confidence 

interval for this uncertainty was calculated at 

±2.4%, meaning that total páramo loss over the 

study period could be as high as 24.3% or as low as 

19.4%.  

Land use practices have a component of 

seasonality. Determination of páramo loss rates 

from satellite imagery data recorded in different 

months/seasons inevitably introduces a degree of 

uncertainty. In order to paint an accurate picture of 

páramo loss, all the satellite images used in the 

change detection should be captured on exactly the 

same Julian dates in different years. This 

requirement is almost impossible to accomplish 

given the frequent cover cloud over the study area. 

As indicated in section 2 above, the satellite images 

used were recorded over different seasons from 

May to November. Such a variation in the 

seasonality of image acquisition implies that the 

reported páramo loss over the study period might 

not be so accurately estimated as indicated. Thus, 

the obtained rate in páramo loss should be treated 

as an approximate estimate instead of an absolute 

value despite the high accuracy at which páramo 

has been mapped. 

3.2  Temporary vs permanent loss 

Páramo loss at Pambamarca can be temporary 

or permanent. Temporary loss usually results from 

fires, natural or anthropogenic, which enhance 

fodder production (Suarez and Medina 2001). 

Permanent loss results from conversion of the 

páramo cover into long-term agricultural uses. It is 

this type of change that is most detrimental. To 

differentiate whether páramo loss is temporary or 

permanent its presence is analysed across three 

consecutive images. Loss is then considered 

temporary if it does not persist across these three 

capture dates. For instance, if an image pixel is 

classified as páramo in 1991, non-páramo in 1999 

and páramo again in 2002, it would constitute 

temporary loss. Conversely, it would be construed 

as permanent loss if it was classified as páramo in 

1991, non-páramo in 1999 and non-páramo again 

in 2002. 

Spatially, extensive permanent páramo loss 

over the study period has occurred around the 

Pambamarca stratovolcanic cone in the north-west 

(Figure 2). Clearly, there is a definite, steady 

decrease in the area of permanent páramo cover. 

Significant loss has also occurred in the south-west 

and the large valley in the south east. This loss has 

generally progressed as a relatively even front. 

Páramo loss does not appear to be restricted to 

particular areas, even though it is more 

exaggerated in areas of lower elevation and up 

valleys. Loss has penetrated deeper and been more 

extensive at lower elevations (i.e., up river valleys). 

None of the study area has a sufficiently high 

altitude to permanently limit agricultural incursion 

even if this incursion is limited to the grazing of 

livestock.  

3.3  Trend of permanent loss 

The dynamics of permanent páramo loss are 

summarised in tabular form (Table 3). Changes in 

páramo extent are differentiated by their sources, 

such as naturally regenerated and gains from 

atmospheric factors. Natural regeneration enabled 

recovery of over 864 ha area during the 2002-2007 

period, of which 461.9 ha was at the expense of 

bare ground indicating regeneration of agricultural 

burn zones. Gains from atmospheric factors, 

applicable to the first period (1988-1991), refer to 

Table 2 Temporal changes in páramo area 

Date (yyyy-mm-dd) AL RL RC
1988-06-08 – 1911-10-15 -423.0 -5.1 -10.6
1991-10-15 – 1999-11-14 -400.3 -5.1 -3.7
1999-11-14 – 2002-04-12  -1046.1 -13.9 -36.1
2002-04-12  – 2007-07-31 42.8 0.7 0.7

Notes: AL = Absolute Loss (ha); RL = Relative Loss 
(%); RC = Rate of Change (ha/month). 
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páramo that was obscured by cloud 

and shadow, but subsequently 

classified as páramo. Permanent 

páramo loss over the study period 

occurs at a fairly uniform rate 

following a linear trend with an R2 

value of 0.94 (Figure 3). These 

hectare per month rates of 

permanent páramo loss (Table 3) 

show similarities to those reported 

earlier for total páramo change 

(Table 2), with the fastest rate of 

páramo loss occurring during 

1999-2002  period  at  20.9  

ha/month. The total amount of 

permanent loss is largest over the 

last period (2002-2007), for which 

páramo cover was previously 

described as increasing (Tables 1 

and 2). Analysing these individual 

components suggests that the 

increase in páramo as reported 

previously stems largely from 

regeneration  of  areas  where  

temporary páramo loss occurred. 

However, the 2007 results still 

encompass both permanent and 

temporary páramo loss, in addition to some 

ambiguity caused by the presence of cloud and 

shadow in the satellite imagery, these uncertainties 

may reduce the calculated permanent páramo loss.  

4     Discussion 

4.1  Definition of permanent  loss 

The definition of permanent loss as absence of 

reestablishment of páramo over 30-year period can 

result in robust differentiation between temporary 

and permanent loss. However, this definition is also 

problematic in two senses. Firstly, it ignores the 

possibility for recovery over longer time period (> 

30 years) regenerative gains in páramo cover, i.e., 

areas identified as representing permanent páramo 

loss can experience regeneration at a longer time 

scale than represented by the three capture dates. 

Secondly, this means of differentiation is not 

applicable to the 2007 results as no post-2007 

imagery was available. In addition, some land cover 

changes are obscured by cloud and shadow. 

Whether or not these areas represent permanent 

loss, temporary vegetation retardation or burning 

episodes could only be determined through 

inspection of more recent imagery. Additionally, the 

definition of permanent páramo loss is temporally 

variable, as it does not compare changes across the 

same time period. This uncertainty complicates the 

accurate determination of the rate of permanent 

páramo loss. Regardless, this attempt to separate 

temporary and permanent páramo cover, albeit 

imperfect, has generated greater insight into the 

types of changes that are occurring within the study 

area. To more accurately document permanent 

páramo loss the definition should be restricted to 

include only areas that experience no páramo 

regeneration. However, this definition would be 

difficult to implement due to the complexity of 

possible changes over a five-date period.  

4.2 Causes and impacts of páramo loss 

A total of 785.4 ha of páramo were lost to the 

other three covers while only 254.9 ha were gained 

Figure 2 Distribution of permanent páramo loss at different periods 
within the study area. Undetected regions indicate areas obscured by 
cloud/shadow.  
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from other land cover types 

during 1988-1999 (Table 4). 

The  most  common  

transformtaion for páramo is 

farmland  (455.7  ha),  

followed by bare ground 

(175.5 ha) and grazing land 

(154.2 ha). This pattern of 

change demonstrates the 

more widespread agricultural 

use of páramo. The tendency 

of páramo loss over the 1991-

1999 period persisted with a 

total loss of 739.8 ha, against 

a gain of 339.0 ha. In this 

case páramo is replaced 

mostly by bare ground (410.5 

ha)  and  marginally  by  

farmland (106.3 ha). On the 

other hand, nearly 200 ha of 

farmland turned to páramo. 

This change is indicative of 

image misclassifications, but 

also some level of rotational 

cultivation and consequential 

páramo regeneration. Much 

more páramo (1304.2 ha) is 

lost than gained (only 258.1 

ha) over the third period 

from  1999-2002.  By  

comparison, the last period 

(2002-2007) witnessed an 

opposite trend of change for 

páramo in that it actually 

gained more (864.1 ha) than 

it lost (617.3 ha, excluding 

the loss of 204.0 ha to cloud 

and shadow). This reversal in 

its  change  pattern  is  

attributed to the large areas of páramo 

regeneration from bare ground due to post- and 

pre- burning seasonality in the start and end 

capture dates respectively. 

During 1999-2002 a large amount of bare 

ground (598.4 ha) was converted to farmland. This 

conversion indicates that bare ground was formed 

mostly in preparation for its eventual conversion to 

farmland, even though some bare ground was 

turned into páramo through natural regeneration. 

The 31st July 2007 composite image also shows 

some isolated patches of páramo loss in the interior 

south, possibly resulting from farming expansion, 

excessive grazing, or environmental factors, (e.g. the 

area may have been experiencing a drought and/or 

fire). 

The changes among all covers during the 

entire study period can be summed up as a 

decrease in páramo and a corresponding increase 

in farmland. This pattern of change is indicative of 

population pressure and the expansion of 

commercial flower cultivation in the fertile valley 

Table 3 Components of observed páramo change over different 
time periods 

Period PL TL Ud Rg AG RPL L/M

1988-1991 -556.2 -229.1 0.0 254.8 107.5 -6.7 -13.9

1991-1999 -577.9 -161.9 0.0 339.5 na -7.3 -5.3 

1999-2002 -607.4 -669.9 -26.8 258.0 na -8.1 -20.9

2002-2007 *-617.3 undefined -204.0 864.1 na -9.5 -9.7 

Notes: PL = Permanent Loss (ha); TL = Temporary Loss (ha); Ud = 
Undetermined (ha); Rg = Regeneration (ha); AG = Atmospheric Gain (ha); 
RPL = Relative Permanent Loss (%); L/M = Loss/Month (ha) 

* includes both permanent and temporary páramo loss, as no post 2007 date 
was available to calculate temporary loss component;  
Values reported in Table 2 include each of the five components presented 
here. Permanent loss is páramo loss that is sustained over two consecutive 
image capture dates, temporary loss is loss that is sustained over only one 
image capture date. Regeneration refers to areas of páramo regrowth. 
Undetermined refers to páramo loss resulting from change to cloud/shadow 
cover, atmospheric gain refers to páramo gains resulting from classification of 
former cloud/shadow areas as páramo. Negative values indicate páramo loss. 

 

 

Figure 3 Trend of permanent páramo loss over the study period. Values 
calculated by subtracting permanent páramo loss area for period 'x' (Table 3) 
from classified páramo area for start date of period 'x' (Table 1). Error bars result 
from land cover uncertainty due to cloud cover. 
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floor. In turn, local farmers are driven higher up 

the mountains in search of arable land, resulting in 

land clearance and conversion of páramo to 

farmland. This shift to higher elevation is possible 

owing to advances in the growth ranges of major 

cultivars (potatoes, wheat, barley and corn), and 

the increasing access to fertilisers and pesticides 

(Sarmiento and Frolich 2002). This loss of the 

páramo ecosystem has been documented to exert 

negative impacts on hydrological regimes (Buytaert 

et al. 2006), erosion rates (Poulenard et al. 2001; 

Suarez and Medina 2001; Podwojewski et al. 2002) 

and native (and often endemic) species (Ramsay 

and Oxley 1997; Luteyn 1999; Suarez and Medina 

2001). Ultimately, this will negatively impact the 

regional economy and the human populations who 

rely on this land and its support capacity to draw 

their livelihoods. 

4.3  Implications of páramo loss 

Páramo loss has several implications. Firstly, 

and immediately it reduces potential habitat for a 

number of native and endemic species. Loss of 

páramo habitat is a significant contributor to the 

population decline of the Andean bear (Garcia-

Rangel, 2012), and may have contributed to the 

extinction of the Jambato toad (Atelopus ignescens) 

in some areas (Santiago et al. 2003). Evidently, 

páramo regeneration does occur within the area. 

However, this likely favours faster growing species 

such as tussock grasses at the expense of larger 

shrubs, and rosettes, forcing a change in the local 

ecosystem that may be much longer term, or semi 

permanent. A potential reduction in plant species 

diversity may reduce niche habitats for other species 

in the long term. Secondly, the replacement of native 

vegetation with crops exposes large tracts of land to 

erosion. It increases sedimentation in the valleys 

and leaching of light ash soils (Poulenard et al. 

2001). Additionally, land clearance for sheep and 

cattle grazing may cause changes in the soil 

structure that can alter runoff regimes (Podwodejski 

et al. 2002). Ultimately, these processes will reduce 

land productivity and water storage capacity. 

Floriculture, in particular, is a water intensive 

industry and a sort of double edged sword: it brings 

jobs and economic development to the region, but 

also increases water demand and displaces farmers 

in the valleys to higher elevations. This competition 

for arable valley land, a stronger focus on market 

crops/products and the population pressure drive 

páramo loss. Finally, expansion of agriculture to 

higher elevations threatens the preservation of a 

number of major archaeological sites in the region. 

In light of such changes, local authorities should 

implement policies to minimise population pressure 

on, and agricultural expansion in to the páramo so 

as to achieve sustainable farming and minimise 

human impacts on this important ecological zone. 

This could be achieved through regulation of 

floriculture expansion in the lower valleys. In 

addition, local inhabitants should be encouraged to 

diversify their economic activities to reduce their 

reliance on agriculture. For instance, they could 

promote  eco-tourism  of  montane  páramo  

Table 4 Changes (ha) between páramo cover and other land covers mapped for different periods  

Period 1988-1991 1991-1999 
Cover Páramo GL FL BG Total Páramo GL FL BG Total
Páramo (7565)  154.2 455.7 175.5 785.4 (7187)  223.0 106.3 410.5 739.8 

GL 150.4 (1074) 1780.7 811.7 2742.8 70.7 (1060)  134.8 93.2 298.7 

FL 95.9 114.6 (1747)  595.6 806.1 194.9 1038.3 (2578)  767.4 2000.6 

BG 8.6 16.4 595.6  (937) 620.6 73.4 326.2 751.7 (1368)  1151.3 

Total 254.9 285.2 2832 1582.8   339 1587.5 992.8 1271.1   

Period 1999-2002 2003-2007 
Páramo  (6223) 480.9 262.1 561.2 1304.2 (5660)  152.9 122 342.4 617.3 

GL 39.2 (2061)  468.8 78.2 586.2 233.7 (1890)  1496.6 575.7 2306 

FL 53.8 1233 (1832)  452.3 1739.1 168.5 210.2 (1779)  937.8 1316.5 

BG 165.1 518.2 598.4 (1358)  1281.7 461.9 112.2 672.3 (1169)  1246.4 

Total 258.1 2232.1 1329.3 1091.7   864.1 475.3 2290.9 1855.9   

Notes: GL = Grazing land; FL = Farmland; BG = Bare ground.  
1) ‘From’ date corresponds to row class labels, ‘to’ date corresponds to column class labels; 2) Cloud and shadow 
cover are excluded from table as they are not really ground covers, these values make up for descrepancies; 3) 
Figures in bracket are not used in calculation total. They are presented to show the relative change only. 
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ecosystems, or the regions archaeological heritage 

and thus provide a vital source of external income.  

5     Conclusions 

This research has documented páramo loss at 

Pambamarca from 1988 to 2007 based on the digital 

analysis of Landsat TM and ETM+ satellite images. 

These results indicate approximately 1800 ha of 

páramo were lost to other land covers from 1988 to 

2007. This translates to around a 20% reduction in 

páramo extent which has occurred at a fairly 

uniform rate. However, these results were 

complicated by the fact that both temporary and 

permanent  páramo  loss  were  occurring  

simultaneously. Additional analyses separated these 

two components giving a clearer and more accurate 

picture of how páramo loss has been occurring 

within the study area. It appears that temporary 

losses can be large in extent, and are often caused by 

human-induced burning. Although this loss causes 

changes in páramo structure it is ultimately less 

detrimental to the ecosystem than conversion to 

permanent agricultural systems. After temporary 

loss was excluded from the overall loss, permanent 

páramo cover decreased from 8350 ha in 1988 to 

5864 ha in 2007 at a fairly constant rate (R²=0.94). 

The páramo loss identified in this study will have a 

number of negative impacts on ecosystem goods and 

services, and livelihoods of the local population at 

Pambamarca.  
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