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and Pita Headwater Streams during December 2016 and April 2017 presents similar

values compared to those shown in the period 2017'018 in table 2.4.

In the period of Marchl«lay, 2018 runoff sources as similar to the rainfall
exposed decreasing trend in the composition of hydrogen (8D) and oxygen (5*0)
values. Hence, these rainfall events are predominant in the first winter in the
bimodal rainfall distribution which influences mainly in the Pacific Coast of

Ecuador.

2.9 Conclusions

Isotope hydrology in Ecuador exposed that altitude and seasonal effects

control the composition of stable isotopes in precipitation and surface waters.

The monthly surface water data from Antisana, Pita, Guayllabamba, and
Coca Rivers exposed that stable isotope composition in runoff presents a small
-during most of the year. Hence, predominant yearly regulated water

influences on seasonal variation in rivers.

Altitude effect changes seasonally in runoff sources in Ecuador as a result of
different zones of rainfall contribution. For instance, depleted rainfall sources in
headwater in the mountainous areas produce decreasing values on runoff sources

downstream in the basin.

The trade winds from the Southeast of the Pacific Coast influence the

stations in the coastal zone of Ecuador, while the stations located on higher zones



in the mountainous area are affected mostly by convective transport processes from

the Amazon Forest.
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Chapter 3

3 Analysis of Stable Isotopes of different Runoff

sources in Manduriacu and Coca River Basins
3.1 Introduction

Runoff is critical in designing hydraulic structures that allow water supplies to
be regulated, transported, and delivered to fulfill social demand (Smith, 1993;
Warner et al., 2017). The design runoff values estimated under uncertainty, serve
to define extreme runoff values used to size flood control structures (Cleary et al.,
2012; Haltas et al., 2016). Maximum runoff frequency helps to define the diversion
capacity of hydraulic structures (Chow, 1988). Therefore, rainfall-runoff interaction
in a watershed is an important task to design civil engineering structures that help
to manage risk and water resource projects (Gregersen et al., 2007; Hu et al., 2015).
Among the primary sources of runoff in streams in the Ecuadorian Andean
Mountains (EAM) are glaciers (Wagnon et al., 2009), groundwater (Crespo et al.,
2012), and rainfall (Buytaert et al., 2006). Although runoff depends on different
physical properties of the medium and the dynamic mechanism of the flux of water
in each system, its sources are the result of different hydrological processes. For
example, in the southern part of Ecuador, groundwater sources provide
substantially to the runoff of the San Francisco River Basin, and their contribution
is unaffected by topography and land use (Crespo et al., 2012). Understanding
hydrological processes in larger watersheds like Manduriacu and Coca Codo Sinclair
projects depends on consistent hydro-meteorological data available in gauge
stations. However, Ecuador presents a deficit number of monitoring gauge stations

in headwater systems due to the difficulty in accessing them (Crespo et al., 2012).

Natural water presents different hydrogen and oxygen isotope composition

as a result of fractionation due to phase exchange (Sharp, 2007). Therefore, these
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stable isotopes are used as tracers in precipitation and stream waters to understand
hydrological systems (Crespo et al., 2012). The use of stable isotopes in hydrology
is essential because they are conservative tracers. The changes in the composition
of stable isotopes are the result of phase changes of water in the hydrologic cycle
(e.g., evaporation) (Gat, 1996). Also, the rainfall-runoff processes in a watershed
are challenging to understand due to diverse sources of uncertainties in the
hydrological system (Beven, 2016). The analysis of the composition of stable
isotopes in the southern part of Ecuador portraits how wetland areas influence
runoff sources in the San Francisco Basin of 73.5 km? Also, 3O and 8D values
helped to understand the effects of individual rainfall events on runoff production
in the Zhurucay headwater catchment of 7.53 km? Mosquera et al., 2016; Correa et

al., 2017, 2019).

The altitude effect on rainfall produces decreasing values of 5'*0O and 8D in
the rainfall while increasing the altitude (Poage & Chamberlain, 2001); however,
the influence of this effect in runoff can be more complicated. For instance, a study
of the stability of hydrogen and oxygen in surface waters in the Lhasa River Basin
in the Tibetan Region reveals that although altitude effect is not relevant in the
watershed, it is present only in areas that have an influence on the impact of climate

and temperature (Liu et al., 2019).

Sanchez-Murillo et al., (2018) also explain how the composition of stable
isotopes in rainfall varied separately depending on the interaction between the
amount of precipitation, temperature, and altitude effects with the Antarctic Sea,
Pacific Coast, and the Andes Cordillera. Another study in the Pacific Northwest of
USA exposed that 0 values in stream presented a small variation ranged from
0.13%0 to 1.44%0 compared to rainfall that ranges from 3.04%o to 3.52%0 (Sanchez-
Murillo et al., 2015). Also, they found that mean transit times of baseflow in

streams that drain human-altered watershed is faster compared to forested areas.
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Other study exposed that stable isotopes composition in the streams in the Andean
Plateau presented weak correlation with the mean basin hypsometric value which
represents the morphology of the watershed (R’=0.12) (Bershaw et al., 2016).

The majority of isotope hydrology in Ecuador has been developed in the
southern of Tropical Andes (TA) of Ecuador; however, larger watersheds that
influence major hydraulic-resource projects continue to be unexplored in the
northern of TA. Studies of isotope hydrology in the north of part are relevant
because diverse hydraulic resource projects depend on runoff such as the two main
hydropower projects of Manduriacu and Coca River basins (Carvajal et al., 2019).
The drainage areas of 6978 km2 and 3701 km2 influence these projects, respectively,
where anthropogenic effects and other factors interact directly with the streams.

The objective of this study is to identify the main factors that influence
runoff sources in the northern part of Ecuador using stable isotopes, to have tools
to manage hydraulic resource projects. Also, to present monthly results from surface
water data from fourteen streams located in the Manduriacu and Coca basins
(large- and small-scale basins) using stable isotope hydrology in the northern
Ecuadorian Andes.

3.2 Study area

This study focuses on the collection of rainfall-runoff samples from two
watersheds that influence the main hydropower projects in northern Ecuador. The
Guayllabamba River basin drains the Northwest region of the Ecuadorian Andean
Mountains in Pichincha and Imbabura provinces. The Coca River watershed drains
the Northeast of Napo (Ecuadorian province). The position of both basins ranged
between the following coordinates: longitude from 77°27'14.01"O to 78°54'15.44"0,
and latitude 0°12'58.04"N to 0°33'59.76"S. Figure 3.1 shows the spatial distribution

of the rivers and their tributaries.
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