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The International Finance Corporation (IFC) continues to be an important global player in Hydroelectric 

Power (HPP) development financing. To ensure HPP downstream releases that maintain the ecological 

integrity and sustain present and future uses, vis-à-vis assuring project financial viability, remains to be a 

significant challenge. In the weak regulatory environments typically encountered in emerging markets, and 

in an effort to assure compliance with Performance Standard 6 on Biodiversity Conservation and 

Sustainable Management of Living Natural Resources, the IFC has had mixed experiences. This paper 

presents several recent examples of HPP financed by the IFC in Latin America and the different ecological 

flow approaches followed, ranging from simple comparison of pre-project baseline and post project 

monitoring results, to the use hydraulic models to estimate wet-perimeter as a potential indicator of habitat 

loss, to more sophisticated habitat models. 
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Background: 

One of the key instruments for the IFC to achieve its developmental mandate is its Policy and Performance 

Standard on Environmental and Social Sustainability [1]. Under Performance Standard 6 on Biodiversity 

Conservation and Sustainable Management of Living Resources (PS6) the IFC commits its clients to (e) 

protect and conserve biodiversity, (f) maintain the benefit from ecosystem services, and (g) promote the 

sustainable management of living natural resources through the adoption of practices that integrate 

conservation needs and development priorities. Aligned with these objectives, the IFC requires that its 

clients do not to significantly convert
2
 or degrade natural habitats

3
, and implement the mitigation hierarchy 

to achieve no net biodiversity loss
4
, where feasible. 

Many of the core environmental and social management challenges associated with hydroelectric power 

plant (HPP) development and financing lies on assuring that any intervention in a free-flowing water 

course, be it a dam or a run-of-river deviation, provides downstream flow regimes that satisfy present and 

future social needs and that do not significantly convert the aquatic and riparian natural habitats. 

Even when working under regulatory environments where downstream flow regimes are often neglected or 

at best are the result of hydrological averages calculations, the IFC has been successful at working with its 

clients in Latin America to use the mitigation hierarchy to assure compliance with PS6 requirements. 

Lessons Learned: 

Any green-field HPP that is to be inserted into a free flowing river has the potential to significantly convert 

the aquatic and riparian natural habitats within its area of influence. To be able to assess these potential 

impacts, it is crucial for practitioners to understand HPP design (e.g. storage dam, run-of-rive with daily 

storage-dam or with diversion weir) and expected operation mode (e.g. base-load, peaking). 

Experience indicates that even when the project may be considered a small-run-of-river HPP, the 

development of the first project in a given watershed signals the opportunity to other projects sponsors and 

typically results on cascading HPPs that completely convert the natural flow dynamics of a river. This 

conversion is often accompanied by the aggravation of conflicting water uses downstream of water 

deviations and/or downstream restitution.  

                                                 
1 The authors want to thank and acknowledge Dr. Emmanuel Boulent from the Inter-American Development Bank (IADB) whose 
contributions and challenging discussions inspired and greatly influenced this article. 
2 According to PS6 significant conversion or degradation is “(a) the elimination or severe diminution of the integrity  of a habitat 

caused by a major and/or long-term change in land or water use; or (b) a modification that substantially minimize the habitat’s ability 
to maintain a viable population of its native species.”  
3 According to PS6 natural habitats are defined as “areas composed of viable assemblages of plants and/or animal species of largely 

native origin, and/or where human activity has not essentially modified an area’s primary ecological function and species 
composition” 
4 PS 6 defines no net loss as “the point at which project-related impacts on biodiversity are balanced by measures taken to avoid and 

minimized the project’s impact, to undertake on-site restoration, and finally to offset significant residual impacts, if any, on an 
appropriate geographic scale (e.g. local, landscape-level, national, regional)”  

http://www.ifc.org/
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The potential irreversibility of the habitat modification, together with the inherent environmental and social 

risk of green-field hydroelectric power projects, requires governments, sponsors, and financiers assume 

most HPP as high-risk and dedicate enough resources to (a) develop robust social and environmental 

baselines, (b) appropriately identify and assess the significance of the social and environmental impacts 

expected from a modified downstream flow regime, including expected natural habitat loss, (c) design 

management strategies aligned with the mitigation hierarchy and plan for ecological downstream release 

regimes that appropriate assure conservation of river integrity, and (d) establish clear monitoring protocols 

with targets, thresholds, and alternatives that allow management to assess the success of the proposed 

mitigation strategies and use adaptive management to modify mitigation measures, as needed. 

Some Recent IFC Experiences Latin America: 

Chile - La Higuera (HLH):  

150 MW run-of-river with daily regulation dam peaking HPP plant in the Tinguirica River (TR). 

Location: Chile VI Region.  

Sponsor: Tinguririca Energy, SA.  

Issue: Uncertainty of peaking generation impacts on native fish species.  

Status: Robust baseline identified that most ichthyofauna found in the upper reaches of the TR were 

introduced rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo trutta). In the lower reaches, 

three native species with historic declining populations were detected: the perch Percichthys melanops, the 

catfish or Bagrecito Trichomycterus areolatus and the velvet catfish or Tollo de Agua Dulce, Diplomystes 

chilensis.   

There was uncertainty on how the daily peaking fluctuation would further degrade native species habitat 

and contribute to population decline. Mitigation measures included (a) development of an experimental 

program for Diplomystes sp captive breeding which is currently in-progress, (b) in-stream habitat 

restoration for native species, and (c) intense monitoring of ichthyofauna populations downstream from the 

restitution after the HPP commissioning. The latter involved monitoring every fifteen days for the first four 

months of operation and has continued on a monthly basis thereafter. Monitoring results (Figure 1) have 

found not only that HLH’s operation does not affect the native fish population, but actually that peaking 

flows seems to favor them over introduced trout species, as native fish are better adapted to the hydro-

peaking due to the torrential nature of the TR. 

 

 

 

 

 

 

 

Figure 1. (a) Baseline of native fish abundance (Diplomistes sp) which has a negative correlation with the abundance of 
rainbow trout (Oncorhynchus mykiss) (n=58;p<0.03). (b) Post-commissioning monitoring [2]. 

 

Panama - Pando and Monte Lirio (PyML):  

Cascading 32.9 MW and 50.4MW run-of-river HPPs with daily regulation dams designed to function on 

peaking generation mode.  

Location: Upper reaches of the Chiriquí Viejo River (CVR) in western Panama.  

Sponsor: Electro Investment S.A. (EISA) 

Issue: Impact of reduced flow on fish connectivity in the dewatered segment
5
. 

                                                 
5 Approximately a total of 14 cascading small HPPs are being proposed or currently developed in the CVR. This effort to 
appropriately assess the degree of the impact and propose mitigation measures was done by EISA under the assumption that a 
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Status: Baseline studies determined presence of several catadromous fish species, including the mountain 

mullet (Agonostomus monticola). A 27-km segment from the Pando dam down to the Monte Lirio 

powerhouse is to be subjected to a hydrological minimum flow of 10% of the annual average flows. This 

segment encompasses 30% of the total length of the CVR. HEC-RAS[3] and IFIM-PHABSIM[4] models 

were used to determine if the reduced flow would sustain a viable population of mountain mullet in the 

dewatered segment, both in terms of connectivity (depth >25 cm) as well as available habitat. As it can be 

seen from Figure 2 the minimum release assured connectivity of the indicator species along the 27- 

kilometer of the dewatered segment.  

 

 

 

 

 

 

 

 

 

Figure 2. Hydraulic connectivity analysis for the target fish mountain mullet (Agonostomus monticola) along the 27 km 
reach length bypassed by Pando-M.Lirio project (critical depth=25cm) [5]. 

Based on habitat preference curves found in the literature for adult and juvenile mountain mullet (Figure 3) 

and for macro-invertebrates EPT that compose its typical diet (Figure 4), an IFIM-PHABSIM application 

was conducted to quantify expected weighted usable area (WUA) reduction as an indicator of expected 

natural aquatic habitat loss. IFIM-PHABSIM results indicated the dewatered segment continues to be 

optimal habitat for macro-invertebrates, still good for the juvenile mullet, and only moderate for adults 

(Figure 4). These results helped project sponsors predict that the dewatered segment can still sustain a 

viable population of this native indicator species, and are expected to help them design monitoring and 

mitigation measures to assure no net biodiversity loss over time.  
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Habitat suitability criteria adopted for the PHABSIM evaluation of usable aquatic habitat in CVR for the 
mountain mullet (Agonostomus monticola) [left] and for the EPT macro-invertebrates [right] [5]. 

  

                                                                                                                                                 
coordinated effort between the environmental authorities and all other HPP sponsors in the CVR will tackle cumulative impacts at the 

watershed level. Therefore, EISA’s mitigation strategy assumes that by the time PyML enter in operation in Dec 2013 an (a) in-
captivity breeding of the mountain mullet and (b) a catch-and-release / hauling upstream of all dams will be in effect.   

27282; 28 cm11810; 28 cm10229; 26 cm2315; 28 cm

600

700

800

900

1000

1100

1200

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1000 5000 9000 13000 17000 21000 25000 29000

Profundidad 
Máxima

(m)

Cota
(m)

Abscisa (m)

PyML Conectividad Hidráulica Ictiofauna CE

Monte
Lirio

Pando

Monte
Lirio

Pando

25 cm

Monte
Lirio

Pando

Monte
Lirio

Pando

Monte
Lirio

Pando

Monte
Lirio

Pando



0.0

0.2

0.4

0.6

0.8

1.0

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40

Ín
d
ic

e
 d

e
 P

re
fe

re
n
c
ia

Profundidad (m)

Profundidad

Alevín

Juvenil

Adulto

0.0

0.2

0.4

0.6

0.8

1.0

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40

Ín
d
ic

e
 d

e
 P

re
fe

re
n
c
ia

Velocidad (m/s)

Velocidad

Alevín

Juvenil

Adulto

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Cv

velocidad (m/s)

Ephemeroptera

Plecoptera

Trichoptera

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Cp

profundidad (m)

Ephemeroptera

Plecoptera

Trichoptera

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Cv

velocidad (m/s)

Ephemeroptera

Plecoptera

Trichoptera

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

Cp

profundidad (m)

Ephemeroptera

Plecoptera

Trichoptera



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Aquatic habitat (WUA) duration analysis for the mountain mullet [a,b] and for the EPT macro-invertebrates [c] 

along the dewatered segment of the CVR, under natural and ecological flows patterns. [d] Habitat time series analysis 

(WUA) for the three target organism throughout a hydrologic year [5]. 

Costa Rica-Reventazón: 305 MW traditional HPP, with a 130-m high dam, reservoir with a volume of 118 

MM m
3
, and 4.2-kilometer long dewatered segment. 

Location: Reventazón River in the Costa Rican’s central Caribbean slope.  

Sponsor:  Instituto Costarricence de Electricidad (ICE) 

Issue: Impact of reduced flow on habitat loss and river rafting activities in the dewatered section and 

aesthetic and river integrity downstream of the restitution.  

Status: ICE has implemented a total of 25 sampling sites along the area of impacts with hydrological, 

hydro-morphological, water-quality, and biological data that has been collected over the last 10 years. 

Baseline studies identified several native fish species including bobo mullet (Joturus pitchardii), the 

mountain mullet, and the chupapiedras (Sicydium altum). The original design planned to complete dry-up a 

4.2-km dewatered reach in the summer, and not only completely convert the natural habitat in this segment 

of the river, but also eliminate a Class III whitewater rapid. This design was modified to include a small 15 

MW turbine to allow for the constant release of a minimum hydrologic release of 10% of annual average 

flow.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Screenshots of the RANA package showing the spatially distributed evaluation of hydraulic suitability for the 
Bobo mullet, combined point suitability (depth, velocity, substrate) for a discharge of 14 m3/s [left]. Plan view of the 

suitability for the practice of rafting during two different flows [right] [6]. 
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With internal and Swedish International Development Agency (SIDA) resources, ICE developed an in-

house 2 MM US$ eco-hydraulic model named RANA, that incorporates social and biological data to 

determine ecologic flow regimes. Habitat criteria were developed for native fish species to determine 

potential habitat loss. Relevant environmental services potentially affected were also evaluated focusing 

non-consumptive uses (consumptive uses are insignificant). Rafters require a minimum depth of 50 cm 

year-round for this activity. Figure 5 shows some results of the RANA tool, which concluded that 15 m
3
/s 

was adequate to meet ecological and social requirements for the dewater segment. However, this release 

was insufficient to maintain the biological integrity downstream of the restitution that required a minimum 

of 40 m
3
/s. This evaluation determined that at least one turbine is needed to operate on a base-load mode 

instead of peaking, to assure a minimum release of 25 m
3
/s that together with the 15 m

3
/s coming from the 

dewatered segment, would make up for the 40 m
3
/s needed downstream.  

Perú – Cheves: 168 MW run-of-river HPPs with daily regulation dams designed to function on peaking 

mode.  

Location:  Along the Huaura and Checras rivers in the central Peruvian Andes.  

Sponsor: SN Power 

Issue: Assure ecological integrity of the dewatered segment. 

Status: Extensive baseline and hydro-biological data collection and DRIFT[7] currently being applied to 

assess adequacy of the proposed downstream release - In progress
6
.  

Closing Remarks: 

Downstream release regimes based on hydrological historical simplistic averages are not an acceptable 

mitigation measure to assure compliance with PS6, and they must be accompanied by scientifically 

accepted methods that justify their ecological and social adequacy. No-flow dewatered segments of the 

river are no longer an international industry practice and should be avoided. When permanent irreversible 

direct or cumulative residual impacts cannot be avoided or mitigated, a biodiversity offset in an 

ecologically equivalent river should be established following BBOP[8] or similar principles. This should, 

however, be the last resource as offsets are technically challenging and require significant capacity, 

specialized expertise, and important economic resources. 

Over the last five years the IFC has witnessed – and actively promoted - a trend in the HPP sector in Latin 

America to the use holistic/incremental scientifically-based approaches such as DRIFT or IFIM-PHABSIM 

to determine the adequacy of downstream flow regimes under HPP diversion, and has documented cases 

where these studies have successfully resulted in both, project design and operational modifications.  
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6 By the time the IAIA2012 takes place, preliminary DRIFT results should be available.  
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