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Scope and objective

This guide focuses on how to run a baseline analysis using the WaterWorld hydrological model
(Mulligan, 2013) with a particular focus on using two WaterWorld metrics to examine the impact of
agriculture on hydrological ecosystem services to people and small dams and then the impact of
small dams on hydrological ecosystem services provided to people. The former is assessed using the
model results-based hydrological footprint - which calculates the hydrological footprint
(downstream influence) of cropland based on modelled water balance and runoff. This assesses the
volume of water potentially influenced by a land cover type in relation to the total volume of water
in flow. The latter is assessed using the model results-based flow footprint (WWFF) - which
calculates the flow footprint (downstream influence) of small dams based on modelled water
balance and runoff. The flow footprint is a special case of the hydrological footprint for in-stream
features such as dams rather than on-land features such as land uses, but is calculated in the same
way. The number of people affected are calculated as the first (dis-)beneficiaries of these footprints
according to the spatial distribution of population in relation to the footprints. This accounts for the
footprints influence on these first beneficiaries (water users, irrigators, fishers) but not for the
impact of these footprints on supply chain beneficiaries through for example increased prices as a
result of reduced availability.

WaterWorld is a testbed for the development and implementation of land and water related policies
for sites and regions globally, enabling their intended and unintended consequences to be tested in
silico before they are tested in vivo. WaterWorld can also be used to understand the hydrological
and water resources baseline and water risk factors associated with specific activities under current
conditions and under scenarios for land use, land management and climate change. It incorporates
detailed spatial datasets at 1-square km and 1 hectare resolution for the entire world, spatial models
for biophysical and socio-economic processes along with scenarios for climate, land use and
economic change. A series of interventions (policy options) are available which can be implemented
and their consequences traced through the socio-economic and biophysical systems. The model
integrates with a range of geobrowsers for immersive visualisation of outcomes.

Input data for application of this model anywhere globally (from remote sensing and other global
sources) is included in the system. However, users can also use this model with their own
datasets. Application with the provided datasets takes only half an hour and requires no GIS
capacity. Bringing in your own datasets will take much longer depending on the availability, level of
processing, format and consistency of those datasets and also requires GIS capacity.

Typical applications of the model include, water resources assessment, water security analysis and
hydrological ecosystem services accounting. Also climate impacts analysis and land and water
management.

Audience: Conservation and development NGOs, GO and NGO Policy analysts, agriculture and
industry (e.g. extractives), education and academic research.
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To access the tool, go to http://www.policysupport.org/waterworld and click on the relevant link to
create a free account which can be used with the scientist user level interface. This guide uses the
superuser and mega user level interfaces as some of the features described are not available for the
free user version. Access to this user level can be granted on a case basis. For more information
please contact Mark Mulligan at King’s College London (mark.mulligan@kcl.ac.uk)

After logging in, there are four easy steps to run the model for a baseline simulation. All these steps
are also documented in training video’s. At each step you can find the link for the relevant video.

Running a baseline analysis in WaterWorld
Step 1: Define study area

Video: here

The model can be run at 1-km and 1-ha resolutions with a tiled extent of 1-degree (~100 km) or 10-
degrees (~1000 km). The 1-ha resolution can only be run within the 1-degree tiles. The 1-km
resolution can be run within tiles of 10 degrees or at country or large river basin level. To select your
study area, you can either move the map until your area is within the highlighted tile (blue for 1-km,
10 degrees and pink for 1-ha, 1 degree) or select a country or basin from the dropdown list (Figure 1,
A). Once you have selected your area, you need to give it a name (Figure 1, B) and click on Step 1:

Define area.
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Figure 1: Define area for running the model

Step 2: Prepare data
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Step 2 is about preparing the data. WaterWorld comes with all necessary data included to run the
model. For each model run however, data will have to be prepared and copied to your personal
workspace (linked to your account). To set up data for a model run, click on Step 2: Prepare data
(Figure 2, A). This will then open up a window where you can view the list of data (list baseline
workspace data) or Copy data to your workspace (Figure 2, B) which is required to run the model.
When clicking on this, the system will take a few minutes to gather and copy the necessary data to
your workspace on the servers. When the data is ready you can view the workspace data by clicking
on the +/- next to show workspace data (Figure 2, C).
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Figure 2: Step 2: prepare data

Visualising data

Opening up the list of workspace data (Figure 2, C) will show the list of all datasets necessary to run
the model. Around 140 spatial datasets are required for a run. Maps that have a license to
redistribute can be downloaded in a variety of GIS formats (Figure 3, A), or can be viewed (Figure 3,
B), depending on the license.
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Clicking on the green view map icon (Figure 3, B) will open up a map viewer window with a number
of options similar to those in a GIS. Any map (input or output) can be overlaid on Google Earth or
Google maps. Some of the options are shown in Figure 4, showing a pixel based map of tree cover
(A), and overlaid on Google Maps (B) for which you can query individual pixel values by moving the
map until the crosshair overlays your pixel of interest and clicking on Query. Maps can also be
aggregated over other maps by selecting a map from the View by dropdown above the main map,
e.g. select protected areas (C) to view the mean tree cover percentage in protected areas (D)
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Figure 4: visualising input and output maps

Step 3: Start simulation
Video: here

Once all data has been copied over to your workspace, you can start the simulation by clicking on
Step 3: start simulation in the left hand control panel on the main page (Figure 4). This will then
open a simulation window where you can choose whether you want to write monthly maps or not.
Clicking on Write maps will create monthly output maps. The default is not to write monthly maps as
these are not always necessary and take up a lot of space on the servers however to calculate a
seasonality map it is necessary to run monthly maps. After you have selected to write monthly maps,
click on Start to set the simulation running. A simulation will take around 10 minutes to run a
sophisticated hydrological baseline. If the area has never been run before by anyone else, this can
take 24 hours (because of preprocessing) but once started, window or computer can be switched
off. The run will complete without user interaction.
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Figure 5: Step 3: start simulation

Step 5: Results maps
Video: here

Once the simulation has finished you can look at the results by clicking on Step 5: results maps in the
left control panel on the main page. Step 4 is skipped as that step is for scenario simulations which
can only be run after a baseline run has been done. Map outputs from all runs (baseline and
scenario) are always in step 5. This will open up a new window showing all the map results as shown
in Figure 5. You can view and interrogate the output maps by clicking on the green view map icon (A)
which gives you all the options to view and analyse the maps as discussed in the previous section.
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Figure 6: Step 5: results: maps

Examine the impact of agriculture on hydrological ecosystem services to people

WaterWorld’s results-based hydrological footprint analysis can be used to assess the impact of
agriculture on hydrological ecosystem services to people. The hydrological footprint calculates the
hydrological footprint (downstream influence) of cropland based on modelled water balance and
runoff. This assesses the volume of water potentially influenced by a land cover type in relation to
the total volume of water in flow.

Once a baseline has been calculated, this analysis can be run from the cropland map found in the
input data. Click on Step 2: Prepare data and select ‘List baseline workspace data’ (Figure 7, A).
Expand the list of data by clicking on the +- (B) and scroll to the crop map and click on the green

visualise icon (C).
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To use your own datasets choose copy data to workspace below and then go back to step 2 (pepare data), choose list workspace data and choose "upload your own data” on the next page. To compare results with your data with waterworkd default
data go through the prepare data step, run the simulation with waterworkd data and then choose policy options>change input data from the main menu to run again with your data.
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Figure 7: Selecting input map for calculation of hydrological footprint
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From the crop map, select Calculation from the options underneath the map (Figure 8)
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Figure 8: Calculation options for maps

From the window that opens, expand the hydrological options by clicking on the +- next to
Hydrological (Figure 9, A) and click on Calculate the model results based hydrological footprint
(Figure 9, B)
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This will open up a new window showing the list of annual and monthly maps (if run with monthly
maps option). Opening up the annual hydrological footprint map (Figure 10, A) shows the annual
downstream influence of cropland in percent shown on the right in Figure 10 (as Google map overlay

view).
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Figure 10 Hydrological footprint (downstream influence) of croplands
NOTE: the steps below are only available at the mega user interface of WaterWorld

To calculate the number of people affected by water regulation and water quality issues from runoff
from agricultural land, the hydrological footprint can be overlaid with a spatially distributed map of
population density. WaterWorld uses the Landscan population density dataset (Oak Ridge National
Laboratory) which is widely regarded as one of the best available population datasets.

In order to overlay this map with the downstream influence of croplands map, the population data
needs to be set as a metric of interest. To do this in WaterWorld, go back to Step 2: prepare data
and select the list of input data similar to the selection of the crop map (See Figure 7). Once the list is
open, scroll down to the population (2007, Landscan) map and click on: Set as MOI (Figure 11).
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Figure 11: setting a map as a metric of interest.
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Once the map is set as MOI, return to the downstream influence of crop map, or follow the steps
above. Then click on Statistics below the downstream influence map (Figure 12, A). In the table that
opens, the sum of the MOI map (population density) for zero and non-zero values is shown, i.e. the
zero sum is the total number of people not affected (B) which amounts to 5,952,390 whereas a total
of 12,659,200 people (C) are affected by upstream croplands at some point through the year. The
total population in the basin according to the Landscan dataset is 18,616,384 people (All). Therefore,
on an annual basis the vast majority of people are not affected by water regulation and quality
issues from runoff from agricultural land becuase either they do not live downstream of agriculture
or none of their water is derived from that land.
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Figure 12: calculating number of people affected as MOI statistics.
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Using the threshold option in the downstream influence map, it is also possible to assess the number
of people affected to a certain extent. For example, a downstream influence of more than 50% can
be considered severely affected. To threshold the map, click on the threshold by link under the map
and select to show values greater than (>) 50 in native values (as the map is already in percent).

Then click Check and submit. This will generate a new showing only values above 50%.
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Figure 13: thresholding a map

Clicking on the green view map options icon underneath the thresholded map (Figure 14) then gives
you all the same options as the full results map, i.e. you can click on statistics, and the number of
people severely affected will be shown in the row: MOI positives. Doing this will show the number of
people severely affected to be 137,451 people. Therefore, around a third of people in the Volta
basin are affected by agriculture but only around 140,000 severely so.
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Figure 14: accessing map options from thresholded map

In a similar fashion, the minimum and maximum number of people affected by the hydrological
footprint of agriculture throughout a year can be calculated by selecting the annual minimum and
annual maximum hydrological footprint maps from the hydrological footprint calculation window

(Figure 15, A).
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Figure 15: calculating the annual minimum and maximum hydrological footprint.

Doing this shows the minimum number of people affected to be quite low (262,474). This will occur
during the dry season when there is no runoff from agricultural land to have an influence
downstream. The annual maximum hydrological footprint of agriculture however is quite extensive
and affects around two thirds of the population in the basin (12,659,000) with almost a third
severely affected (5,863,540) This will occur during the wet season when there is runoff from
agricultural land to downstream populations.

Calculating the seasonality index of the downstream influence of croplands

The extent to which people are affected by agriculture depends on how seasonal the flows are. To
calculate the seasonality of the downstream influence of croplands, a seasonality index based on
Walsh and Lawler (1981) can be calculated by WaterWorld. To do this, simply click on the Calc
seasonality link in the hydrological footprint calculation window (Figure 15, B).
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The resulting map (Figure 16) shows that the downstream influence of agriculture is highly seasonal
in the north but much less so in the south. Therefore, the impact of agriculture on downstream
ecosystem services to people depends strongly on season and seasonality.
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Figure 16: seasonality index (modified from Walsh and Lawler, 1981) for downstream influence of
croplands

Examine the impact of small dams on hydrological ecosystem services to people and dams

To assess the impact of small dams on hydrological ecosystem services to people and dams, the
hydrological footprint analysis can be applied to a map of the locations of small dams. Therefore,
this analysis requires the latitude and longitude information on such dams. This data can be
obtained from analysis on identifying and mapping small reservoirs or from existing data. A workflow
for gathering this data for the Volta basin is provided in the methodological guide on mapping
reservoirs here

Once a list of locations of small dams is available, these can be added to WaterWorld as Points of
Interest (POls). To do this, click on define region of interest in the top bar of the main model window
(Figure 17, A). This will open up a window with a number of options. Select to expand the copy and
paste new POI list (B). Here you can simply copy and paste the locations of dams as a tab delimited
(e.g. copy from Excel) list in the format: latitude, longitude, ID or name. Make sure to name the list
of POls and click on Submit



& RESEARCH LeDBY:
PROGRAM ON lw \ l
§§¢F Water, Land and || ~ bercicns
Ecosystems instiute
CGIAR y
use: ) | ecoengine for: waterworld v.2 [.92] [non-commercial use] | Disclaimer | Help Disk:u:127 | d:67 GB | Mem:71 % | Load:25% ;‘\?,"" A

run: Volta (70 hr’s.l"" » alternative: baseline » datab baseline » p ter set: defaul G Region of interest.

lat:|10.3208 |lon:|-1.5416 |Run name ||_Tiled 1km v || Step 1: Define area
Go > 2 A

Define points of interest (latitude and longitude in decimal degrees). These can be usad to read values from input and output maps and (where the POIs carry attribute
information) to plot these values against values for the same locations from input or output maps.:

Current _POIs: none set.
from existing user POIs: +
define individually using coordinates: +

EEEE IiSt:lzI B Name for POIs [Small_dams

Copy and paste POI lat,lon and feature names here. Columns should be tab delimited. There should no header row.

10.94654287 -9.485661518 1 -

1@.9236855 -0.468411414 2

10.91638854 -0.43349366 3

10.88652708 -0.475067166 4

10.88917226 -9.437571603 5

10.96191713 -9.437515549 6

10.97564585 -9.341472015 7

10.98066913 -9.336472521 8

10.95156217 -0.342664932 9 hd
l 10.95670936 -9.33594494 1e y
I @ Submit

Figure 17: define points of interest in WaterWorld

The next step is then to convert the points of interest to areas of interest. This also needs to be done
in the region of interest window. Expand the new AOQOIs from POls option (Figure 18, A), then select
the previously defined list of POIs (B). This will create a map from the small dams points which can
then be used for downstream flow metric analysis.

Define areas of interest. These are catagorical maps that define a series of classes representad by different intager numbers, They can be usad to view input or output map
metrics by area, mask maps or upload maps to represent categorical classes such as land use.:
Current _AOIs map: none set.
choose existing AOIs: +

new AOIs by uploading map: +
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new AOIs by uploading map: +
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Figure 18: creating area of interest from points of interest.

Clicking on the green map icon (Figure 19, A) will then open up a map of all the small dams. Clicking
on calculation (B) will then open up the window where the downstream influence metric can be
calculated (see steps above, Figure 9).
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Figure 19: Area of interest map from points of interest of small dams

In addition to the downstream influence metric, the results-based flow footprint (WWFF) of small
dams can be calculated (Figure 20, A) This metric is essentially the inverse of the flow metric,
calculating for each pixel 100 - the flow footprint. Therefore, this can be considered a measure of
how free-flowing a river is.
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Figure 20: calculating the model result-based flow footprint (WWFF) in WaterWorld.

Following the steps described in the section on assessing downstream influence of agriculture on
people, the number of people hydrologically affected by small dams upstream can be assessed on an
annual and seasonal basis.

Documentation and further reading:

Model and data documentation for version 1 can be found here and system (interface and
functionality) documentation is here. A presentation on the science behind the PSS can be found
here (English) and here (Spanish) [opens in Google docs viewer]. Download: (EN, ES). A powerpoint
demo of the system functionality is here (English) and here (Spanish) [opens in Google docs viewer].
Download: (EN, ES)
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