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Common hydrometeorological monitoring

• Run by specialized staff (national institutions)

• Scale of hydrological stations always implies catchment has a mixture of 

ecosystems, and states of conservation

• Extreme data scarcity in remote headwater areas (usually most important 

area for natural infrastructure

• Data processing mostly long time series analysis



Hydrology of ecosystems, of land use changes, of natural 

infrastructure

How does the hydrological response of degraded páramo

change under restoration interventions?

What are the hydrological impacts of cultivation and 

afforestation in the humid páramos of southern Ecuador?

What is the hydrological response after pine forestation 

of the jalca in northern Peru?

What are the hydrological benefits of pasture restoration 

in the humid puna of central Peru?

How does water regulation change after cattle grazing 

exclusion in the dry puna of central Peru?

What is the hydrological impact of cultivation and 

overgrazing in the puna ecosystems of Bolivia?

What is the impact of pine forestation and infiltration 

trenches in the puna highlands of southern Peru?



Participatory monitoring
Ochoa-Tocachi et al., 2017, Andean Hydrology

ISBN: 9781498788403

• Precipitation and river discharge

• Off-the-shelf, low-cost sensors

• Grassroots driven approach with local buy-in

• Addressing local questions, local hypotheses



Institutional setup
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a. Direct users of land and water

- Commitment: Security of the equipment.

- Benefit: Use information for decision making and 

improvement of local practices.

b. Local development institutions

- Commitment: Logistics for data and information 

collection.

- Benefit: Relevant information for development 

projects.

c. Research institutions

- Commitment: Data processing  and interpretation.

- Benefit: Information research for their students and 

projects.

d. Monitoring network

- Commitment: Technical assistance, partnership, 

generate exchange mechanism.

- Benefit: Several monitoring sites help provide a 

better idea of Andean hydrology. Decision making 

incidence.

Ochoa-Tocachi et al., 2017, Andean Hydrology

ISBN: 9781498788403



Monitoring setup
Célleri et al., 2010, IAHS

DOI: 10.13140/2.1.4187.3608

Rain gauges

River flow gauge



Monitoring setup

Rainfall

Streamflow

Example of rainfall-streamflow time series in a single catchment from northern Ecuador. The data have a

resolution of 1 min, with an accuracy of 0.2 mm for rainfall and 1 mm for streamflow.



Pairwise catchment comparison

Micro-catchments Precipitation – Streamflow



Pairwise catchment comparison



Trading space for time
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Ochoa-Tocachi et al., 2017, Andean Hydrology

ISBN: 9781498788403



Monitoring data
Ochoa-Tocachi et al., 2018, Sci. Data

DOI: 10.1038/sdata.2018.80



Data analyses: impacts of land use
Ochoa-Tocachi et al., 2016, Hydrol. Proc.

DOI: 10.1002/hyp.10980

AfforestationCultivation Grazing



Hydro-economic analyses
Gammie and De Biévre, 2015

Forest Trends, technical report



New sensor technologies
New technologies for environmental sensing

Sensor networks
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Sensor networks
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Mao et al., 2018, Hydrol. Proc.

DOI: 10.1002/hyp.13179
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