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Abstract:  
Tropical montane cloud forest hydrology differs from most mid-latitude temperate forests in terms of 
the increased frequency of fog interception and fog precipitation. Fog precipitation occurs when 
intercepted cloud droplets coalesce on foliar and woody surfaces as fog filters through the forest 
canopy. Past studies suggest that fog precipitation may represent a significant proportion of the 
annual water inputs to tropical montane cloud forests. Interception and  weir data from a first-order 
tributary of the Rio Motagua and Rio Polochic cloud forest catchments of the Sierra de las Minas 
Biosphere Reserve, Guatemala demonstrate the existence of seasonal (November-April) fog 
precipitation. The cloud forest in this study lies within the watershed of the driest valley in Central 
America. Field evidence suggests that fog precipitation contributes more than 5 mm per day to the 
hydrologic budget of this Guatemalan cloud forest catchment during the five-month dry season. 
During the dry season, fog precipitation becomes the only hydrological input to the water supply of 
the local population, and vegetation removal can potentially decrease streamflow yield.  
 
INTRODUCTION  
Experimental research in temperate watersheds has shown that changes in vegetative cover affects 
stream discharge (Sopper and Lull, 1967; Swank and Douglass, 1974; Bosch and Hewlet, 1982). For 
this reason, selective forest removal is a means of maximizing water availability for agricultural and 
human consumption (Dunne and Leopold, 1978; Newson, 1994). Tropical montane cloud forest 
hydrology differs from most mid-latitude temperate forests in terms of the frequency of fog 
interception and fog precipitation. Working in a Colombian cloud forest, Cavelier and Go ldstein 
(1989) found that 48% of the annual water input to the forest floor was from fog precipitation; annual 
fog interception was 796 mm and annual precipitation was 853 mm. In cloud forests with pronounced 
dry seasons fog precipitation appears to be a significant moisture source. This study measures fog 
precipitation during the extended dry season and considers the effects of deforestation on water 
availability within a first-order catchment within a tropical montane cloud forest in Guatemala.  
 
STUDY AREA  
An examination of fog precipitation was conducted within the Sierra de las Minas Biosphere 
Reserve, Guatemala, 15 km east of the village of Chilasc6 in the Department of Baja Verapaz (Fig. 
1).  
 



 
 
 
The Sierra de las Minas Biosphere Reserve was established in 1989, and consists of approximately 
250 km2 of rugged terrain located between the Rio Motagua and the Rio Polochic. The reserve is a 
protected cloud forest with a high diversity of plant and animal life (Ack and Lehnhoff, 1992). 
Because of the steep slopes within the Sierra de las Minas, access to the cloud forest is difficult. 
Consequently, the cloud forest has not been seriously threatened by deforestation until recently. The 
region near the southern border of the Sierra de las Minas is more heavily deforested than the more 
remote northern border.  
A first-order cloud forest watershed of the Rio Motagua and the Rio Polochic on Montafta de Miranda 
(2600 m) was selected to measure the contribution of fog precipitation to the annual water budget of 
cloud forests within the Sierra de las Minas. The watershed flows into the driest valley of Central 
America. Streamflow is diverted from the Rio Polochic to irrigate agricultural fields in the Rio 
Motagua valley. The months of May through November receive greater than 80% of annual 
precipitation. Consequently, a larger percentage of streamflow is diverted from the Rio Polochic 
during the five month dry season.  
The community of Chilasco exports broccoli to Europe and the United States. In Chilasco, prime 
agricultural land is being converted from the cultivation of staple crops to the cultivation of export 
crops such as broccoli and ornamental ferns. Consequently, agriculturalists from villages 
surrounding the Sierra de las Minas Biosphere Reserve are clearing cloud forest vegetation for the 
cultivation of staple crops such as beans and corn. The cleared land often is less fertile with steeper 
slopes than the agricultural fields allocated for the cultivation of export crops.  
 
METHODS  
Precipitation gauges were positioned 10m from the summit of Montafta de Miranda (2550 m) in an 
open area to measure gross precipitation for 11 months. Precipitation gauges were stolen 3 weeks 
before the completion of annual data. Fifty-eight throughfall gauges were positioned in a permanent 
plot established in the cloud forest at 2100 m, and 36 throughfall gauges were positioned in a 
permanent plot established at 2550 m. Fog precipitation was measured to occur when throughfall 
was greater than precipitation. Gauges were emptied approximately every week.  



 
RESULTS  
Field evidence suggests that fog precipitation contributes greater than I mm per day to the hydrologic 
budget of Guatemalan cloud forests during the five-month dry season. Fog precipitation in the rainy 
season could not be measured based on the methodology chosen in this study. During several days 
of the dry season, fog precipitation becomes the only hydrological input to the water supply of the 
local population. Fog precipitation is a seasonal phenomenon, occurring November to April (Fig. 2). 
Thirty five percent of the hydrological inputs during the dry season comes from fog precipitation. 
During the last week in November the watershed received nearly 5 mm of fog precipitation per day. 
Precipitation and throughfall were approximately equal during the transition periods between the dry 
season and the rainy season (Fig. 3). Fog precipitation was measured primarily during the dry 
season when evaporation is the least.  
 
Precipitation   Fog cm  Precip. cm  
Dry season   36.7   19.6  
(INov.-30Mar.)  
Rainy season  219.2   0.8  
(1 Apr.-31 Oct.)  
Fig. 2. Dry and rainy season fog precipitation (2550m)  
 

 
 
CONCLUSIONS AND RECOMMENDATIONS  
The contribution of fog precipitation to the hydrological budget of a cloud forest in the Sierra de las 
Minas is greater than I mm per day during the dry season. Cavelier and Goldstein (1989) measured 
a similar quantity from a Colombian cloud forest.  
Fog precipitation is underestimated in this study because fog precipitation was only measured when 
throughfall is greater than precipitation. This study does not take into account the percentage of 
gross precipitation that is intercepted by the canopy. Mature cloud forest canopies may produce fog 
precipitation even if interception is less than gross precipitation. Fog precipitation is expected to be 
higher than what is reported in this study.  
Vegetation removal can potentially decrease streamflow yield. Cloud forest vegetation intercepts fog 
droplets. Because fog droplets coalesce on vegetative sur faces, fog drip becomes common beneath 
the canopy. Fog precipitation would not occur without the vegetative surfaces in the canopy. The 



open areas where precipitation gauges were positioned serve as a site where deforestation has 
occurred.  
This study has shown that vegetation removal can reduce the hydrological inputs within a cloud 
forest watershed by a depth equivalent of 19.6 cm. The conversion of forested watershed to 
agricultural land reduces the quantity of fog precipitation. In first- order watersheds that supply water 
for domestic and industrial use in arid valleys, this quantity of water may be significant. For every 1 
hectare converted from cloud forest to agriculture, the watershed loses greater than 2 million litres of 
water from fog precipitation.  
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