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IntroductionEcohydrology is an integrative 

science that focuses on the 

interaction between hydrology 

and biota (UNESCO-IHP).

 Transdisciplinary approach 

in finding solution-oriented

methods for reduction of

anthropogenic impacts on 

ecosystems. 

 Achievement of

sustainability in both 

ecosystems and human 

populations



IntroductionEcohydrology is an integrative 

science that focuses on the 

interaction between hydrology 

and biota (UNESCO-IHP).

 Improve Integrated Water 

Resources Management

 Consideration of four multi-

dimensional parameters 

within river basins 

(WBSR).: 

1. Water 

2. Biodiversity

3. Ecosystem Services

for Society 

4. Resilience to climatic 

changes (WBSR)



Application of Eco-Hydrology in Problem Solving

Source: UNESCO/IHP 2016



Necessary prior knowledge

• The Hydrological Cycle

• Components and processes of the 
hydrological cycle

• Precipitation

• Interception

• Infiltration

• Percolation

• Soil moisture and soil moisture 
dynamics

• Groundwater and groundwater 
dynamics

• Potential/Actual 
Evaporation/Transpiration/Evapotrans
piration

• Field capacity of soil 

• Permanent wilting point

• Water Balance



How Trees Influence the Hydrological Cycle 
in Forest Ecosystems

Emphasize

• Some aspects of the 
interactions between forest 
trees and water/moist and 
hydrology, especially 
transpiration, over others, such 
as moisture interception by
forest canopies. 

Forest

• Occupy approximately one-
third of the Earth’s land area, 

• accounting for over two-thirds 
of the leaf area of land plants, 

• play a very important role in 
terrestrial hydrology



How Trees Influence the Hydrological Cycle 
in Forest Ecosystems

Processes generally 
applicable to all forest 
trees
 Transpiration from top

(leaves) to bottom (roots), 
emphasizing the 
importance of tree 
hydraulic architecture to 
transpiration

 Evapotranspiration from 
trees to forest ecosystems

 How hydrological 
processes in forests 
change as they age



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere 
Continuum (SPAC) 
concept

 Key concept in studies of plant 
water use

 Emerging from the cohesion-
tension (CT) theory of water 
movement through plants

 Water moves from soil into 
roots, through plants and into 
the atmosphere along 
thermodynamic gradients in 
water potential

Source: https://forestrypedia.com/infiltration-and-

percolation/



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere 
Continuum (SPAC) 
concept

 CT theory has been 
disputed, nowadays 
widely accepted

 Visualized as chain of 
conected  resistances for 
water movement

Source: https://forestrypedia.com/infiltration-and-

percolation/



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere 
Continuum (SPAC) 
concept

• Total hydraulic resistance
sum of individual 
ressistances

o aerodynamic boundary 
layer resistances
associated with canopy
elements

o the boundary layer at the 
leaf surface

o stomatal pores
Evapotranspiration Source picture: USGS



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere 
Continuum (SPAC) 
concept

• Total hydraulic 
resistance sum of 
individual ressistances
o Through the xylem 

pathway of the plant,

o Across root membranes to 
the soil

o Through the soil.

o Analog to electricity: 

 V = I.R    I = V/R = k.V

o Darcy’s law in 
groundwater flow: v = k.S

Evapotranspiration Source picture: USGS



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum (SPAC) concept

 Application in ecology

o powerful conceptual basis for understanding plant–
water relations

o constrains SPAC with ecological concepts: 

 models hydrological cycle 1-dimensional, 
ecological liquid waterflow 3-dimensional

 Merging ecologist and hydrologist: 

1-dimentional model with 3-dimentional 
hydrological models



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum (SPAC) concept

(Source FAO)

Penman-Monteith formula

ET = Evapotranspiration

rs = (Bulk) Surface ressistance

ra = Aerodynamic ressistance



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum 
(SPAC) concept

Transpiration

 Ratio transpiration to biomass accumulation: 
forest trees 170 to 340 kg of water vapor for 
every kg of biomass

 Air saturation deficit (D) and net radiation 
(Rn) are the principal drivers of transpiration

o Air saturation deficit directly affects 
transpiration by establishing the vapor 
pressure gradient between the vapor-
saturated leaf interior and the 
surrounding air.

o Net radiation indirectly affects 
transpiration through heating of the 
canopy



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum 
(SPAC) concept

Transpiration

 Nearly all transpirational vapor loss 
occurs through the stomatal pores

 Over short time periods 
transpiration controlled by 
regulating the size of stomatal 
pores, over longer time periods 
water balance regulated largely by 
changes in the amount of leaf area 
and species composition



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum 
(SPAC) concept

Liquid Water Transport through Trees 
and the Role of Hydraulic Architecture

• Canopy conductance controls 
transpiration, strongly influenced by 
hydraulic architecture of trees

• Atmospheric conditions create a demand 
for water, and hydraulic architecture 
influences the supply of water from the 
soil.

• Ultimately, stomata regulate transpiration
to ensure that losses do not exceed the
supply capacity.

• it is necessary to understand how 
hydraulic properties of trees influence 
their use of water.



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum (SPAC) concept

Tree Hydraulics 

 According to the CT theory:

 Volume flow per unit time (Q) of liquid water through plants (the 
‘supply’ for transpiration) is directly proportional to difference in 
water potential between leaves and soil 

Analogy with electricity

• V = I.R

• I = V/R

• I = Electrical current 

• V = difference in electrical potential

• R = ressistant

• I/R = conductiviyty (= k)



Flow through pipes


TWEEDE SESSIE



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum (SPAC) concept

Tree Hydraulics 

• Q = ΔΨ∗K 

• Q = ΔΨ/ R 

• (ΔΨ; or Ψleaf − Ψsoil) 

• K =  whole-tree hydraulic conductance

• R =  whole-tree hydraulic resistance (inversely proportional to K)

• When available water is limited water is limited for transpiration, 
partial stomatal closure occurs,limiting transpiration.



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum (SPAC) concept

Water Uptake by Roots

• In woody plants, resistance to water flow in the root
system can be equal or greater than resistance 
aboveground

• Constraints in root water intake also important

• Ability of roots to supply water for plant transpiration 
depends on the hydraulic conductance of the root 
system



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum 
(SPAC) concept

Evapotranspiration in Forest 
Ecosystems

 Micrometeorologists hydrologists 
often combine evaporation and 
transpiration into one 
measurement for a watershed,

 Difficult to measure sepately
Stable isotopic techniques have 
become available for helping to  
separate these two fluxes, 
transpired from leaves is more 
enriched isotopically than is water 
evaporated from soil.



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere Continuum 
(SPAC) concept

Evapotranspiration in Forest 
Ecosystems

 Trees have the potential to greatly 
increase evaporative losses from 
an ecosystem because of the 
increase in evaporative surface 
and the greater access to soil 
water through roots. 



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere 
Continuum (SPAC) concept

Evapotranspiration in Forest 
Ecosystems

 Evaporation from soils is 
generally restricted to the 
upper few centimeters; 

 In forests, transpiration
generally accounts for most of 
ET. 



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Soil-Plant-Atmosphere 
Continuum (SPAC) concept

Evapotranspiration in Forest 
Ecosystems

 In Amazon forest, transpiration
responsible for nearly all of the loss in 
water vapor found. Soil evaporation 
only few % of the evapotranspiration 
flux from crops in a desert 
environment.

 Surinamese tropical forrest: about 2/3 
of the rainfall is evapotranspirated, 
and circulating above the forest 
(Amatali, 1993)



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Data collection, analyses 
and modelling

Collecting the components 
of the hydrological cycle

 Precipitation (Rainfall, dew, snow, 
hail)

 Evaporation and Evapotranspiration

 Interception

 Infiltration

 Percolation

 Storage

 Soil moisture

 Discharge

 Groundwater

Picture: WHO 2006 



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Consequences of deforestation
 Less vegetation

o Less interception

o Less infiltration

o Less evapotranspiration => less rainfall

 Less storage

o Less baseflow (groundwater flow)

 More surface waterflow, direct/storm 

 Increase of peak surface water flow and floods (dischage and water level), 
during the wet period

 Decrease in low water (discharge abd water level), during the dry period

 Less protection of the soil

o Less ressistant to the surface waterflow

o Increase of surface water flow

o Flushing away the topsoil and fertile soil and vegitation 

o Infertile soil, vegetation disappear

o Higher sedimentation concentration in the surface water cources



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Water balance:

• Consider a catchment bordered 
by a watershed

• Be aware that topographical 
watershed is static. When the 
area near the watershed is 
inundated, the actual watershed 
is mobile, depending upon the 
water level. The same with 
groundwater, it depends on the 
groundwater level and will not 
always coincide with the 
geographical watershed, which is 
the watershed of surface water.



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Water balance:

• Take a hydrological year into 
account, which generally does not 
coincide with the calendar years. 
The hydrological year ends when 
the storage throughout the year is 
minimum. In Suriname that is at 
the end of the Long Dry Season 
(End of November).

• Water balance equation (based 
on continuity)



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Water balance:

• In = Out + ΔS

• P + Qin + Lin = Qout + Lout + ET + ΔS

• P = (Areal) Precipitation

• Qin = Recharge, inflowing water rate

• Lin = Water leaking into the catchment, including seapage

• Qout = Discharge, outflowing water rate

• Lin =  Water leaking from the catchment, including seapage

• ET  = (Areal) Evapotranspiration

• ΔS = Change in storage

• The water balance is used to estimate the magnitute of the 
components of the hydrological cycle which is unknown.

• When the time period of the water balance calculation is long, the 
change in storage is negiglible.



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Methods of modelling an 
hydrological/ecosystem

• A lysimeter can used to measure to 
estimate the evapotranspiration and 
inflitration.
o It is a container installed in the field. The top 

of the container is open, the bottom and the 
side-walls are closed. The evelation of the 
top of the container is identiacally as the 
adjecent soil level. The container is filled 
with soil identical as the adjacent soil and 
planted with the same type vegitation. The 
rainfall, the surface water flow, the soil 
moisture and the groundwater level are 
measured. The evapotranspiration,
interception and infiltration can be estimate 
by means of a water balance.

Lysimeter



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Methods of modelling an 
hydrological/ecosystem

• An experimental catchment can be 
established, of which the watershed
has been identified. The different 
components of the hydrological cycle 
can measured, among others the 
precipitation, the river discharge, the 
waterlevel in the river, the groundwater 
level and the soil moisture content. The 
water balance principle can be used to 
estimate the magnitute of the 
unmeasured component of the 
hydrological cycle.

Lysimeter



Establishment of demonstration sites 
(experimetal sites)

UNESCO promotes the establishment of demonstration 
sites (experimental catchments)

• Displaying an application of ecohydrology in its objective of 
dealing with issues such as nutrient concentrations, water 
purification, etc

• Studying Hydrological and ecological processes in diverse 
aquatic habitats like wetlands, marshes, mangroves, 
cyanobacterial blooms in order to find long-term solutions, 
that integrate social components.

• Including the concept of enhanced ecosystem potential 
through 
o the application of ecohydrological strategies to achieve 

sustainability of ecosystems 
o closely related to water so as to improve IWRM

• Taking the WBSR (W-water,B-biodiversity, S-ecosystem 
services, and R-resilience) in consideration capacity).

TWEEDE SESSIE



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Modelling a hydrological/ecosystem

An eco-hydrological (water balance) model can be 
established for the aforentioned experimental 
catchment. 

• With modelling the following obstacles to overcome :
• Limitations of hydrological measurements techniques

• Not able to measure everything about hydrological systems 
in space and time

• Possibility for extrapolation of the available measurements in 
space and time

o ungauged catchments

o to assess impact of future and possible changes in the 
catchment on the hydrological 

• Results can be applied for other similar catchments 
and water-ecological systems



How Trees Influence the Hydrological 
Cycle in Forest Ecosystems

Methods of modelling an hydrological/ecosystem

 Means of quantative extrapolation or prediction 

o helpful in decision making

 Can be carried out within purely analytical framework 
based on observations of inputs to outputs of a 
catchment area (a hydrological system)

 Understanding nature of catchments and its responses.

 Complicated processes simplified in models described

• Unknown parameters can be estimated by means of 
optimizing the unknown parameters, using observed 
input and output data. An example is the estimation of 
parameters of the Nanni Swamp in Nickerie by 
Sevenhuysen in 1969 (see list)



Optimized Paramers of the Nani swamp by Sevenhuysen (1977)



Eco-hydrological study 
of the Nanni Swamp ecosystem

TWEEDE SESSIE



Background

• Rice is cultivate in Nickerie, with two crops a year

• During the second crop water from rainfall is not sufficient to satisfy the 
water needs for the rice cultivation and irrigaion is necessarry

• Irrigation is applied during the second crop, of which the water is from 
the Nickerie river, Nanni swamp and the Corantijn River. The avalability 
of irrigation water is generally not sufficient.

• Ministry of Agriculture has the intention to take measuese to increase 
the availability of irrigation water and to increase the efficiency in the 
water use.

• There a plans build new structures in the Nanni swamp and take 
additional measures.

• ESS (Environmental Survices and Support) was assigned to conduct and 
Eco-Hydrological study for the Nani Swamp

• Aim of the study was better understanding the biodiversity values, 
hydrological function, and potential sensitivity to changes in 
hydrological regime that could result from the proposed Program

TWEEDE SESSIE
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