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Title:
Ecuador's efforts to improve ozone and climate science: observations in the Galapagos, the Andes, and 
the Amazon

Description:
This is a poster session held jointly by scientists from Universidad San Francisco de Quito (USFQ) and
the Ecuadorian Meteorological Service (INAMHI, Spanish acronym). In this session we will present 
ongoing efforts at both institutions to monitor the ozone layer as well as climate change-induced effects
in sensitive ecosystems in the Ecuadorian transect from the Galapagos islands, across the Andes, and 
over the Amazon. The topics are:

 The ECHOz project (Ecuadorian Highlands Ozonesondes): a contribution to monitor the ozone 
layer within the framework of the Vienna Convention - Maria Cazorla – USFQ

 Scenarios for deforestation and carbon emissions in the Ecuadorian Amazon - Carlos Mena - 
USFQ

 Maximum ultraviolet radiation levels in Quito (Ecuador) during the period 2010-2017 and their 
implications to human health – Rene Parra - USFQ

 Dynamics of the electrical CO2 emission factor in Ecuador during the period 2001-2017 - René 
Parra – USFQ.

 Freshwater ecosystems and organisms response to climate change along an Andean-Amazon 
gradient - Andrea Encalada - USFQ 

 Soil Carbon storage in Páramo Ecosystems of the Northern Ecuadorian Andes - Esteban Suárez 
– USFQ

 Ecuadorian glacier program - Bolívar Cáceres – INAMHI
 Ultraviolet radiation measurements with a Brewer spectrophotometer in the Middle of the 

World - David Tonato – INAMHI
 Soundings from the Galapagos Islands: a contribution to weather and climate monitoring - 

Manuel Carvajal – INAMHI
 Monitoring the total column ozone over Ecuador from satellite measurements - Guillermo 

Flores – INAMHI

Contact person at USFQ: 
María Cazorla PhD
mcazorla@usfq.edu.ec

Contact person at INAMHI: 
Manuel Carvajal
mcarvajal@inamhi.gob.ec



  

The ECHOz (Ecuadorian Highlands Ozonesondes) project: 
a contribution to monitor the ozone layer within the framework 

of the Vienna Convention
 María del Carmen Cazorla PhD

Universidad San Francisco de Quito USFQ
mcazorla@usfq.edu.ec

EMA USFQ 
is a rooftop 
lab at 
coordinates 
0.19ºS, 
78. 4ºW, and 
2414 masl.
Operating
Since 2014.
 

In 2016 Ecuador was invited by the Ozone Secretariat (UNEP) to submit a proposal to the General Trust Fund for Financing Activities on Research and Systematic 
Observations Relevant to the Vienna Convention. Ecuador’s proposal, ECHOZ (PI M. Cazorla), was submitted by the Ministry of Industries (MIPRO) as an effort to 
monitor the ozone layer from the Atmospheric Measurement Station (EMA, Spanish acronym) at USFQ in Quito. The project was approved in 2018 and is currently 
listed in the Ozone Secretariat’s website as a planned activity under 
the Vienna Convention Trust Fund: 
 http://ozone.unep.org/activities?page=1

Measurements: Met&AQ, ozone soundings, aerosol 
optical depth with a sun photometer as part of NASA 
AERONET, PBL meas., ozone production 
measurements and modeling.
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Relevant findings with initial time series:
Cazorla, M., Ozone structure over the 
equatorial Andes from balloon-borne 
observations and zonal connection with two 
tropical seal level sites, J. Atmos. Chem., 
2016.

New findings will be presented at the 
American Geophysical Union Fall Meeting 
(Dec 2018): will include the entire time series 
2014-2018, comparisons with ozone and 
water vapor satellite data, and the signature 
of the QBO from wind data.

More info:  http://www.usfq.edu.ec/programas_academicos/colegios/politecnico/institutos/iia
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Maximum Ultraviolet Radiation Levels in Quito (Ecuador) During the Period 2010-2017 and Their  

Implications to Human Health 
 

René Parra (rrparra@usfq.edu.ec), Eliana Cadena, Camila Flores. 
 

Colegio de Ciencias e Ingeniería. Universidad San Francisco de Quito – Ecuador 

 

 

 

  

 

Introduction 

Excessive exposure to Ultraviolet Radiation (UV) causes skin burns, 

skin cancer and cataracts in the eyes. To prevent these effects, the 

World Health Organization (WHO) promotes the diffusion of the 

Ultraviolet Radiation Index (UVI), with messages promoting proper 

precautionary behaviors. The WHO classifies a UVI equal or greater 

than 11.0 as extreme. This classification is based on a proposal from 

Canada, a country with a mostly light-skinned population, where the 

maximum UVI is up to 10.0. The Ecuadorian Foundation of Psoriasis 

and the Institute of Physics of Rosario proposed a modification 

(FEPSO-IFIR criterion) to the WHO classification, taking into account 

both the skin types and the IUV levels from South America. The 

modified scale classifies an extreme IUV as equal or greater than 

16.0. 

 

 

  

 

Fig. 2: IUV in Quito: Maximum daily averages in 30 min 

We analyzed the IUV levels registered in Quito (Ecuador), during the 

period 2010 – 2017. The air quality network from Quito measures the 

IUV levels since 2010. It uses a radiometer (Biospherical Instruments 

INC. Model GUV-2511) located in the center-north of the city (Fig. 1) 

Zaratti et al. (2014) estimate that after a non-protected exposition of 30 

min, there will be a perceptible damage to people with South American 

(dark brown) skin type. Increased awareness about maximum exposure 

time, according to both the UVI and skin type, is necessary.  
 

Reference: 

 

Zaratti F., Piacentini R., Guillén H., Cabrera S., Liley J. y Mckenzie L. (2014). Proposal for a modification of 

the UVI risk scale.  Photochem. Photobiol. Sci., 13, 980-985. DOI: 10.1039/c4pp00006d. 

Fig. 3:  Percentage of days per month with extreme levels 

Conclusions 

Method 

Results 

The statistical analysis of records indicates that UVI levels greater than 

or equal to 11.0 are common (between 40.5 % and 70.0 % of days per 

month) in Quito (Figs. 2, 3). Between 0.4 % and 19.1 % of days per 

month recorded UVI greater than 16.0. Months with the highest 

percentages of days with extreme UVI were: March (19.1 %), January 

(12.0 %), February (11.8 %), April (8.5 %) and September (7.2 %). 

Fig. 4:  Number of days with extreme maximum levels 

Fig. 1: Location of Quito and of the UV radiation sensor 

In almost every month, the highest extreme levels were recorded more 

frequently during the midday, in the 30 min of the period 12h00 -12h29 

(Fig. 4). However, in March, the highest extreme levels were more 

frequent in  the 11h30-11h59 (13 records) and 12h30-12h59 (9 records) 

periods.   
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Introduction 

Electricity is a clue component to well-being and socio-economic 

development. However, its production demands the consumption of 

non-renewable resources (fossil fuels), the use of renewable sources 

and nuclear energy. The generation using fossil fuels produces the 

emission of air pollutants and greenhouse gases. The magnitude of 

these emissions depends directly on the matrix or mix configuration 

of power generation. Globally, the electricity and heat production 

contributes with 42% of CO2 emissions. Hence, estimation and 

reduction of these emissions is a priority in all ambits. 

 

We present the CO2 emission factors for electricity generation in 

Ecuador for the period 2001 – 2017. 

 

 

  

 

Fig. 1: Consumption of fuels for the gross production of electricity in Ecuador. 

Period 2001 - 2017. Units (Millions): Fuel oil (gallons), Diesel (gallons), 

Naphtha (gallons), Natural gas (thousands of cubic feet), Bunker (gallons), Oil 

(gallons), Liquefied petroleum gas (gallons), Residue of sugarcane (tons), 

Biogas (cubic meters). Source: (Conelec 2002, 2012), (Arconel 2015, 2016, 

2018) 

We collected statistical data of the fuel consumption for the gross 

electricity production (Figs. 1, 2). For the fuels in Fig. 1, we collected 

information about their calorific value, CO2 emission factor by 

combustion and density. 

 

CO2 emissions were calculated due to the gross generation of 

electricity. The CO2 emission factors were obtained, dividing the total 

net emissions, for the values of the gross production of electricity plus 

imported energy. 

 

 
 

Fig. 3: Percentage by type of source of electricity generation in Ecuador during 

the period 2001 - 2017  

Conclusions 

Method 

Results 

In the period 2001 - 2017, the electricity consumed in Ecuador was 

obtained from renewable sources (43.5 - 73.6%), fossil fuels (26.3 - 

52.2%) and imports (0.1 - 11.5%) (Fig. 3) 

 

The electrical emission factors  vary between 188.6 and 397.5 g CO2 

kWh-1 (Fig. 4). All of them are lower than 515.0 g CO2 kWh-1, which is 

the current world mean value of emission per unit of electricity.  

 

The lower value corresponds to 2017, the year with the lowest 

participation of non-renewable resources (26.3%).  

Fig. 4: Electrical CO2 Emission Factor in Ecuador during the Period 2001 – 

2017 

Fig. 2: Gross electrical production and imported electricity  

The decrease of the emission factor in 2017 (188.6 g CO2 kWh-1) was 

produced by the significant increase of renewable energy (73.6%). It is 

expected that in the following years, the emission factor will continue to 

decrease, due to the increase of other renewable sources. Although the 

emission factor for the year 2017 is the lowest of the period 2001 - 

2017, it is still high (approximately three times), compared to the 

expected average global value for the year 2040 (65.0 g CO2 kWh-1), to 

achieve the objectives established by the Paris Agreement. 

 

These emission factors are required to estimate emission. They can be 

used to establish sustainability indicators, as the carbon or the 

ecological footprint. 
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Introduction
Freshwater ecosystems and their inhabitants are facing many anthropogenic pressures around the globe 
(e.g. pollution, water withdrawal, introduction of exotic species, impoundments). As a result, freshwater 
species are highly threatened, more so than their terrestrial and marine counterparts.   Climate change, is 

also affecting freshwater ecosystems and we know very little about its potential impacts on aquatic 
organisms, and on the ecosystems processes that they control.   Our main objective in this study is to 

understand the response and vulnerability of organisms and ecosystem processes (i.e. decomposition of 
organic matter) to changes in water temperature.  Our main focus are aquatic organisms from streams 

along the Andean-Amazon region, a landscape that is considered exceptionally diverse, but also extremely 
understudied.   For this end, we used two main approaches:  First, we compared streams located along 

natural elevation gradients (Andean-Amazon), as model systems to understand the response of organisms 
and ecological processes to natural temperature changes in the gradient.  Second, we performed field 

experiments in artificial flow-through streams (mesocosmos), in which we increased water temperature to 
evaluate organism and ecosystem-level responses to temperature change. 

Encalada, A.C.

Encalada, A.C.1, , Landeira-Dabarca, A.1, Herrera, N.1, Ochoa-Herrera V.1, Guayasamin, J.M.1, Flecker, A.3, Zamudio, K. 3 , Funk C.2, Thomas S.3, Poff, L.2

1BIOSFERA Institute, Universidad San Francisco de Quito, Ecuador, Cumbaya, Ecuador
2Department of Biology, Colorado State University, Fort Collins, USA

3Ecology and Evolutionary Biology Department, Cornell Univeristy, Ithaca, USA

Main Questions

1. How do invertebrate and microbial decomposers change over an altitudinal gradient?
2. How these communities mediate changes in litter decomposition?
3.  What is the effect of temperature on diversity and decomposition rates?

Study Area:  Napo Watershed 

Conclusions

1. Decomposition rate decreases with altitude
• Fine (Microbial decomposers)
• Coarse (Invertebrate decomposers)
2. Diversity 
• Shredder diversity decrease with 

altitude  
• Bacteria diversity decrease with 

altitude
• Fungi diversity increase with altitude
3. Higher temperature increases 
decomposition rates in survey and 
experiments (Is there a threshold?)
4. Field experiments helps us understand the 
change in community composition and the 
change in ecosystem process
5. Mesocosmos helps us understand the 
sensitivity of the response to climate change

Freshwater ecosystems and organisms response to climate change 
along an Andean-Amazon gradient

Five sites in altitudinal 
gradient (masl):

Site 5: 3863 
Site 4: 3417
Site 3: 2838
Site 2: 1805 
Site 1: 1600 Andean Range

Napo Basin, Amazon
Elevation from 230 to 5850 masl

Methods:  Survey along the gradient

Decomposition experiment in 
streams along the gradient:

Andean alder:  
Alnus acuminata leaves

(Betulaceae)

• 5 dates 
• 6 replicates
• litter quality 

characteristics:  (N, P, 
%lignin, total phenolics, 
leaf toughness)

• Stream site 
characteristics: 
temperature, discharge, 
nutrients

Coarse mesh 
bags

Fine mesh 
bags

Methods:  Diversity sampling

Weight leaves and calculate litter 
breakdown rates (k)

Microbial: CPOM and filtered 
water to isolate fungi and 
bacteria for molecular analyses

Invertebrate: diversity and 
richness, surber sampler and 
mesh bags

• Extraction of DNA using 
CTAB buffer 

• ITS region located in the 
rDNA (ribosomal DNA)

• Phyrosequencing

Results:  Decomposition and Diversity along the gradient

Flow-through experiments Mesocosmos with temperature increase
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Soil	Carbon	storage	in	Páramo	Ecosystems	of	the	Northern	Ecuadorian	Andes

Esteban	Suárez1,	Segundo	Chimbolema1,	Jennifer	Thompson2,	John	Hribljan3,	
Rodney	A.	Chimner3,	Erik	A.	Lilleskov3

Páramo	ecosystems	are	known	for	their	high	levels	of	biodiversity	and	endemism,	and	
for	their	crucial	role	in	the	supply	and	maintenance	of	important	ecosystem	services	
(e.g.	water	regulation,	carbon	storage).	In	particular,	soil	carbon	storage	represents	an	
essential	ecosystem	function	in	the	páramo	because	it	is	directly	related	to	water	
regulation,	and	mitigation	of	green	house	gasses	emissions	in	the	region.	Despite	its	
importance,	we	still	lack	comprehensive	evaluations	of	the	patterns,	capacity,	and	
dynamics	of	soil	carbon	storage	in	Northern	Andean	landscapes.	Here	we	offer	a	first	
attempt	at	mapping	and	modeling	large-scale	patterns	of	soil	carbon	storage	in	the	
Northern	Andes	of	Ecuador.
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Even	a	crude	extrapolation	of	our	results	to	the	total	area	of	
Ecuadorian	páramos	suggest	that	we	have	largely	
underestimated	soil	carbon	storage	capacity	in	this	ecosystem.	
As	land-use	change	intensifies	in	this	region,	additional	studies	
are	needed	in	order	to	understand	the	dynamics	of	this	pool	of	
carbon	and	the	potential	influence	of	climate	change	in	the	
long	term	stability	of	this	regionally	important	carbon	sink.

10	peatlands(full	cores)
10	cm

C	concentration (400	
samples)
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(%) = (0.5324 * LOI	(%))	- 0.9986 
(R2 = 0.989; p < .001)  
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Ecuadorian Glacier Program  

Results 
 The glaciers cover in 2017  had a value of  43,5  square kilometers  a reduction of  55,2%. 

between  1960 to 2017 was observed.  The reduction of ice coverages  Cotopaxi  and  Chimborazo  

during  the last  five years was affected by ash falls wich produce    a  drastic  coverage lost 

corresponding to an  average  of  4,1 %. Carihuayrazo glacier lost  91% of his coverage  by 2017, 

probably  disappear in the next five years. The  other of ice caps (Antisana, Cayambe, Iliniza, Altar) 

have  had  a  normal evolution mainly affected by  climate conditions in the  Tropical zone 

Accumulation area ratio (AARo) for Antisana 15 . Value defined: 63,5% of the total glacier cover 

(23 years) 

Study Area 
The Andes in Ecuador have two 

mountain chains of which seven 

have glacier covers: Cayambe, 

Antisana, Cotopaxi, Ilinizas, 

Chimborazo, Carihuayrazo and 

Altar, positioned between 1º  north 

to - 3º  south latitude.  All glaciers 

are located upon the summits and 

flanks of Pleistocene Holocene age 

volcanoes. 

Methodology 
Mass  balance measurements was made each month over a network stakes  placed at  Antisana 

15 glacier  since 1994 to the present ( 23 years). 

Aerial photographs were taken between 1977-2016 and were analyzed using digital 

photogrammetry.   Bench marks were measured at the field using DGPS and Orthophotos for each 

cover were obtained. The equilibrium line altitude (ELA) was placed using the accumulation area 

ratio (%AAR) that was established for Ecuadorian glaciers using the data compiled over twenty 

three years by the Ecuadorian Glacier Program at INAMHI.  

The Ecuadorian Glacier Program, started in the year of 1997, mass balance studies have been carried out on Glacier 15 of the Antisana in this period (21 years) with a monthly frequency finding an 

average value of 610 mm of water equivalent, the equilibrium line altitude in average was placed for the Ecuadorian Andes at 5120 meters above sea level 

The first systematic inventory for the glaciers of Ecuador was made in the early nineties. For that time the ice coverage corresponds to 92 km2. The second systematic inventory made for 1997 

corresponds to an area of 60 km2 of ice. In 2010 a new evaluation carried out showed a value of 48 km2. During the years 2016-2017 a new inventory was made for glacier coverage using the latest 

aerial photographs. At the present time the glacier coverage for the glaciers in Ecuador is approximately 43,5 km2. 

INAMHI in collaboration with INAE conducts studies over a small glacier (Quito Glacier) in the South Shetland Islands near the Pedro Vicente Maldonado Ecuadorian Station since 2010 in the way to 

stablish a program for mass balance measurements in Antartic Peninsula 

Western Cordillera

Mountain Glacier tongues Area (Km2)

Iliniza 2 0,31

Carihuayrazo 2 0,07

Chimborazo 22 7,63

8,0

Cordillera Oriental ( Eastern Cordillera)

Mountain Glacier tongues Area (Km2)

Cayambe 20 8,9

Antisana 17 11,7

Cotopaxi 19 10,5

Altar 6 4,4

35,5

Ecuadorian Andes 
Quito Glacier -Antartic Peninsula  

(62° 26′ 57″ S, 59° 44′ 32″ W ) 
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MODELING ROAD BUILDING, DEFORESTATION AND CARBON EMISSIONS DUE DEFORESTATION IN 
THE ECUADORIAN AMAZON: THE POTENTIAL IMPACT OF OIL FRONTIER GROWTH

ABSTRACT

How will new oil concessions in the Ecuadorian Amazon impact land cover
and their associated ecosystem services? In this paper we have two
objectives: first, to present a scenario of future deforestation as a result of
expanding the oil frontier in the Ecuadorian Amazon until the year 2030 and
second, to produce an analysis of possible carbon emission scenarios as
results of the deforestation produced. We use spatially-explicit simulations
with parameters determined using land transition trends from areas that
experimented oil development in order to predict possible outcomes for the
year 2030 using current and predicted road networks.

We used land covers from 1990, 2008, and 2014. The model is parameterized
using the 1990 and 2008 vegetation covers, distance to roads, distance to
rivers, and slope. The 2014 modeled forest/non-forest cover was validated
using the actual 2014 vegetation map. Distance to roads was treated as a
dynamic variable to account for new road construction and was recalculated
every 3 years.

Between 1990 and 2008, 424.727 ha of forests were lost, representing

about 7% of the forested area of Ecuador’s Amazon region. Virtually all

forested areas were transformed into agriculture and pasture. 93.7% of

the land cover was both predicted and observed to persist. The 2030

projection intensifies the visible trend of expanding agricultural zones

into forest areas through time. Simulated land cover change indicates

that the Ecuadorian Amazon could lose about 27% of its forested cover

and, using carbon maps from the Ministry of Environment of Ecuador,

release about 284 million tons of carbon to the atmosphere.

RESULTS

CONCLUSIONS

Our simulations suggest that the construction of new roads, as infrastructure

of new oil concessions, will bring extensive land cover change and related

carbon emissions. Existing government programs that promote forest

conservation should be supported and extended, and road construction in

pristine forests need to be avoided.

Baccini, et al., (2012). Estimated carbon dioxide emissions from tropical deforestation improved by carbon-density
maps. Nature Climate Change, 2(3), 182– 185. doi:10.1038/nclimate1354
FAO. (2014). Protocol for the production of carbon map for continental Ecuador with landsat and modis images. Quito,
Ecuador: Food and Agriculture Organization of the United Nations and Ministry of Environment of Ecuador.
Gibbs, et al., (2007). Monitoring and estimating tropical forest carbon stocks: Making REDD a reality. Environmental
Research Letters, 2(4), 045023. doi:10.1088/1748-9326/2/4/045023
Saatchi et al., (2011). Benchmark map of forest carbon stocks in tropical regions across three continents. Proceedings of
the National Academy of Sciences, 108(24), 9899–9904. doi:10.1073/pnas.1019576108
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METHODS

We simulated new roads
with a function that
traced the least costly
path, from the center of
potentially-leased oil
blocks to the nearest
existing road. To
determine the least
costly path, we
considered vegetation
cover (2008), terrain
slope, the location of
rivers and wetlands, road
networks, and oil blocks.

If current transition trends
continue, even a conservative
scenario for road construction
would affect more than 2
million, which is 35% of the
area covered by concessions.
This would release 51 to 148 T
of carbon to the atmosphere.
This paper illustrates the strong
links between road building
and deforestation, where even
small amount of road
construction can have large
effects on land cover.

(1) Road network simulation

(2) Simulation of the associated land cover change

The 2014 forest 
cover map and 
the 2030 
prediction map 
are compared 
and forest loss is 
calculated. 
Deforested areas 
with several pre-
existing baseline 
carbon maps in 
order to to 
illustrate the 
difference 
between them, 
and the level of 
uncertainty 
related to 
biomass in this 
region of the 
Amazon 

(3) Estimation of carbon emissions from deforestation 


