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Changes in the terrestrial environment affect the services that 
those environments provide to humanity

Better management of change requires:
(a) Monitoring of changes
(b) Assess the impact on environmental service provision
(c) Test the outcome of hard (eng.) or soft (policy) interventions

RALUCIAPA : static tree cover difference 2000-2005, with WDPA



PARASID – dynamic, near real-time 16 day monitoring of land cover change based on neural 
network analysis of MODIS data.  Land use change Rondonia 2004-present (more yellow=more 
recent)



Aim:
To step back from the complexities and detail of ongoing site specific 
studies on ecosystem services and provide a global assessment of the 
geographical variation in ecosystem service provision
and its economic value: 

- to hotspot areas of high dependence on particular ecosystems
- to identify areas where protection could secure better services
- as a means of informing the development of payment for 
environmental services (PES) schemes
- starting with water and carbon services from protected areas

Collaborative: KCL-UNEP-WCMC

Co$ting Nature



Water quantity services
•Protected ecosystems do not necessarily generate more 
rainfall than agricultural land uses.
•Protected ecosystems may have higher evapotranspiration
and thus lower water yields
Thus quantity benefits difficult to prove

Water regulation services
•Protected ecosystems do not protect against the most destructive 
floods
•For ‘normal’ events they do encourage more subsurface flow and 
thus more seasonally regular flow regimes
Likely benefits especially in highly seasonal environments

Water quality services (quantity for a purpose)
•Protected ecosystems encourage infiltration leading to lower soil 
erosion and sedimentation
•Unprotected land will tend to have higher inputs of pesticides, 
herbicides, fertilisers ...
Clear benefits of PA’s: generation of higher quality water than 
non-protected areas

WATER : debate and rules of thumb for the water service benefits of protected areas



% of water originating in a protected area – WDPA 2009 (Colombia) [gl_pc_wc_fin]

see www.kcl.ac.uk/geodata

Assumption:
Protected areas provide better (cleaner, 
better-regulated) water than human 
dominated areas.

As you travel downstream
from the protected areas their
contribution to flow diminishes as
rivers are swamped with water 
from non-protected areas.

Populations in the areas of influence
benefit greatly.  With strategically 
positioned Pas this can be millions of 
people

Tracing the impact of protected areas on water
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Water quality : protected areas and the human footprint on water
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% of water supply that is human impacted

At the global scale dominated by the human agricultural footprint



% of water that is human impacted
(transparent=negligible influence)

The human footprint on water is 
concentrated around human 
populations (roads, agric, industry, 
urban tend to co-locate).

Thus around major cities water 
quality could be heavily influenced

Strategic positioning of protected 
areas can have positive impacts on 
the water supply of urban areas



% of water supply to urban 
areas that is human 
impacted

Colombia has a lot of water but 
also high population, extensive 
urbanisation and agriculture in 
the Andes.

Colombia’s urban water supplies 
are thus heavily influenced by 
upstream human activity

This necessitates costly 
diversion schemes or water 
treatment.

Putting a natural PA buffer 
between populations and the 
mess they create can deliver 
clear water quality benefits at 
low cost.



Realisable water value of protected areas (millions of US$/park/yr).
Australia excluded. 

Mean cost of drinking water to the user for 83 countries is 0.76 USD/m3  (up to 2.61 USD/m3 in some developed 
countries).  A number of studies indicate willingness to pay double current water costs for improved water 
quality from PWS (Manez Costa and Zeller, 2005, Ortega-Pacheco et al. 2009).

Method: We calculate actual human water use by summing the population downstream of each park, assuming 
each person consumes the average water use globally (50m3/person/yr), calculating how much of  this water is 
derived from the PA, multiplying by the global average price (0.76 $/m3) and assigning to the upstream park.

Result: Parks which produce a lot of water and are also upstream of dense 
populations provide a lot of economic value.   The most valuable park for water 
is Cholistan (PK) – a large park upstream of Karachi (pop. 18 million) in a low 
rainfall region.

1 park, 100 million USD/yr!

The economic value of water falling as rain on protected areas



The first georeferenced global database of dams www.kcl.ac.uk/geodata
There are at least 29,000 large dams between 40N and 40S

57% in Asia, 23% in South America. 80% are in China, India, Brazil, South Africa, 
Zimbabwe, Mexico

33% of land area between  40S and 40N drains into a dam and this 
surface provides important environmental and ecosystem services to 
specific companies, who might pay for those services to ensure they 
are sustained, passing the cost on to you and me.

Tropics :  land areas draining into dams
by: Leo Saenz

Dams  :  points in the landscape at which water=money



Total CO2 uptake of ecosystem (carbon service) = carbon stock (carbon 
already sequestered and stored) + carbon sequestration (additional net 
carbon uptake per year)

Mature forests = high stock, low sequestration (good not to cut and 
burn because this will add carbon to the atmosphere but they are not 
taking up much carbon annually)
Younger forests = lower carbon stock but greater long term 
sequestration than many land uses so less of a carbon injection if cut 
and burned. But, if cut and replaced by a less productive cover results in 
loss of carbon uptake, accumulating year on year.

Sequestration can be calculated from:
Net primary production NPP = uptake of carbon by photosynthesis minus the autotrophic respiration losses 
by vegetation 

= S*c*fAPAR(NDVI)*e*p(T)*CO2fert*(1-r)
S: global solar radiation [MJ/m2/d]
c: climatic efficiency, Mc Cree K.J. (1972) [dimensionless]
fAPAR: Fraction of absorbed PAR (photosynthetic active radiation); fAPAR is estimated from the remotely sensed NDVI (Normalised Difference Vegetation Index) by means of a linear equation, suggested by Myneni (1992) [dimensionless]
e: Photosynthetic efficiency, Wofsy et al. (1993) [gC/MJ(APAR)]
p(T): Normalised temperature dependency factor, Johnson et al. (1954), and parameterised according to data of Lommen et al. (1971) [dimensionless]
CO2fert: Normalised CO2 fertilisation factor, Veroustraete (1994) [dimensionless]
r: fraction of assimilated photosynthates consumed by autotroph repiration; is modelled as a simple linear function of daily mean air temperature, Goward & Due (1987)

Carbon services



Total carbon sequestration by PA (millions of tonnes C/yr)

Result: The largest tropical forest parks sequester up to 300 million tonnes of  
CO2 per year.  Parks with the highest carbon sequestration values are either 
very large or in tropical forest areas or both. (Equivalent to half of UK annual 
emissions offset in a single park!) *based on $7 per tonne

Method : Sum the sequestered carbon by protected area

What is the carbon sequestration of the parks?

Medio Rio Negro II, half of UK emissions
2.1 Billion USD*



Terrestrial carbon storage in PAs (millions of tonnes)_

Results : Carbon storage (max 2000 MtC) is an order of magnitude greater 
than sequestration (max 300 MtC) but is non-renewable annually, whereas 
sequestration is renewable.  Parks with high storage are either very large or 
within tropical forests or both. *based on $7 per tonne

**Ruesch, Aaron, and Holly K. Gibbs. 2008. New IPCC Tier1 Global 
Biomass Carbon Map For the Year 2000. 

What is the carbon storage of the parks?

Method : sum the carbon storage (year 2000) surfaces of Ruesch et al. (2008)** 
by park

Carbon storage (M tonnes C)

Medio Rio Negro II, 
storage equivalent to annual emissions of 
Russian Federation 
(or 30% of US annual emissions)
$14 billion

Vale do Javari



It is different things to different people.  The interface changes 
for scientists (detailed), policy analysts (less detailed)

But what to do about it? : 
Policy and negotiation support systems e.g. AguAAndes

(www.policysupport.org/links/aguaandes)



Multilingual.



Shows the system being modelled...
Includes water based environmental services sources and sinks



...with links to the subsystems (this is hydrology)...



You start by defining the area you want support for.  The underlying 
SimTerra database has 1 degree raster tiles (@100m resolution, 

shown) and 10 degree tiles  at 1km resolution), globally for hundreds 
of variables



The data are downloaded to your workspace on our servers (since 
AguaAndes runs on our servers not your local computer).  Links are 
provided so that you can download any data which are not 
copyrighted or you can view the data in situ.



This is 1km rainfall for your tile from the SimTerra database.
System allows some in-situ interpretation, changing of colour scales etc and 

visualisation in GE and GM as well as download as zipped ARCASCII



e.g. ...rainfall geobrowsed in Google Maps



You can then run the simulation, looking at impacts of e.g. land use
change, climate change, dam building, designation or LUCC in PAs



Time series of simulation outputs can be viewed during or after a 
simulation



Spatial simulation outputs can be viewed during or after a simulation,
all on the web



...and can be visualised in a geobrowser

System is in beta, looking for one or two further applications/users to 
test the system



Thank you

Questions?


