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Indicators Overview Table
THEMATIC
GROUP

Water Quantity
Water Quality

Ecosystems

Governance

Socioeconomics

RIVER BASIN INDICATORS
Baseline (2010)

Projected (2030/2050)

1. Environmental water stress
2. Human water stress
3. Agricultural water stress
4. Nutrient pollution
5. Wastewater pollution
6. Wetland disconnectivity
7. Ecosystem impacts from dams
8. Threat to fish
9. Extinction risk
10. Legal framework
11. Hydropolitical tension
12. Enabling environment
13. Economic dependence on
water resources
14. Societal wellbeing
15. Exposure to floods and
droughts

1. Environmental water stress
2. Human water stress
3. Nutrient pollution
[Environmental water stress]

4. Exacerbating factors to
hydropolitical tension
5. Change in population density

WATER SYSTEMS LINKS
Lakes

Lake influence

Deltas

1.
2.
3.
4.

Relative sea level rise
Wetland ecological threat
Population pressure
Delta governance

*Subindicators are described in the indicator sheets of the corresponding main indicators.
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Indicator Metadata Sheet Template
Indicator No. and Name
Title:

Either indicator title, sub-indicator title or other dataset title

Indicator Number:

if applicable (e.g. 1-14, followed by a letter for sub-indicators)

Thematic Group:

e.g. Water quantity, Ecosystems, Socioeconomics
Brief description of the indicator in the context of:
 why the issue is important globally;
 what are some of the impacts of the issue (these two may overlap);
 what the results of the indicator show; and how they can be interpreted.
Gives a brief overview of how the indicator is important to the four other IW systems, if
relevant. The abbreviations are: GW – Groundwater; Lakes (no abbreviation); LMEs –
Large Marine Ecosystems; OO – Open Ocean. Copy-paste from indicator sheets and
update where necessary.

Rationale:

Links :

Description:

Metrics:

Description of the indicator itself – underlying indicators, how they are combined, etc.
This field provides following information:
 Name of metric, few words on rationale (incl. national or grid based)
 Year of baseline data
 Data source/provider for each metric (full references, incl. year of publication)

Computation:

Step by step description of how the indicator was calculated, using the above metrics.
Includes the weighting of each metric if applicable, and how national-level data is
aggregated to the basin/BCU level. In general, grid-based data is computed to provide
an average basin score and BCU score for each indicator.

Units:

Final units of the indicator.

Risk categorization

Describes how and why the indicator scores are assigned to 1 of 5 risk categories.
Should include table with proportion and number of basins and BCUs in each risk
category.

 Including issues which may not be covered by the indicator, as well as any
Limitations:

cautionary notes in interpreting the results.

 They may also be seen as ‘challenges’ which still need to be addressed.
Spatial Extent:
Spatial Resolution:
Year of Publication:

Year results are published or released.

Time Period:

Time period represented by the indicator.

Additional Notes:
Date:
Format:
File Name:
Contact person:

Date of upload or completion of version of dataset.
e.g. Microsoft Excel
Of results data
Person responsible for compiling the indicator (not for underlying datasets which may
be held by other institutions)

Contact details:
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Indicator Metadata Sheets and Supplementary Material
Water Quantity
Environmental Stress induced by Flow Regime Alterations

Indicator Number:

Environmental Water Stress: Environmental Stress Induced by Flow Regime
Alterations
1

Thematic Group:

Water Quantity

Title:

Over the past few decades the value of the environment has become better understood
(MA, 2005). In some parts of the world environmental systems are being restored, but
mainly, environmental systems are coming under increasing threat from both demand
for water from other sectors (water quantity) and available water being polluted (water
quality). The TWAP RB Environmental Water Stress indicator focuses on the water
quantity aspect and considers hydrological alterations from monthly dynamics of the
natural flow regime due to anthropogenic water uses and dam operations.

Rationale:

The natural flow regime is assumed to provide the optimum conditions for the river
ecosystem. In direct response to the natural flow regime and over evolutionary time
spans, native biota has developed different morphological, physiological and
behavioural traits. Provided habitats are exploited, all ecological niches are occupied
and the natural range of flows can be tolerated by the endemic biota. Consequently, in
basins/ BCUs with dam management and/ or high amounts of water abstractions, the
natural flow regime may be altered beyond some admissible threshold. This is likely to
increase the risk of ecosystem degradation and favour invasive species at the expense
of adapted endemic species.
Finally, this indicator can be compared to the human and agricultural water stress
indicators to see which issue is likely to be of greatest importance to the basin in terms
of water quantity.

Links :

GW: Some ecosystems are dependent on healthy GW supplies, linked to recharge
from rivers.
Lakes: Lakes and river ecosystems are strongly interrelated, and environmental
water stress in rivers is also likely to have an impact on lakes.
LMEs: Quantity of water output to LMEs, particularly affecting estuarine areas where
freshwater/saltwater interactions are important.

Description:

This indicator addresses environmental stress induced by flow regime alterations due
to anthropogenic impacts such as dam operation and water use. Therefore, modified
flow regimes are compared to the natural flow by means of 24 different sub-indicators
which address monthly flow magnitudes (12 sub-indicators for Jan to Dec) as well as
inter-annual flow variability (12 sub-indicators for Jan to Dec) of the monthly flow
magnitudes. The underlying assumption of this approach is that the greater the
deviations of the flow regime from natural flow conditions, the more severe are the
negative impacts on the river ecosystem.

Metrics:



Natural river discharge per grid cell for the time period 1971-2000 computed by
CESR at 30 min. grid using the Global Hydrology sub-model WaterGAP2.2
(Müller Schmied et al. 2014). The meteorological data from WATCH (Weedon
et al., 2011) are used to drive the model.



Modified river discharge per grid cell for the time period 1971-2000 considering
human impacts such as dam management (Hanasaki et al. 2006) and water
use. Water use is calculated by the Global Water Use sub-models of
WaterGAP2.2 ( made up of:
o

Domestic demand: based on relationship between water use intensity
and income using ‘sigmoid curves’ (Flörke et al. 2013).
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o

Thermal electricity production demand (Flörke et al. 2013).

o

Manufacturing industry demand (Flörke et al. 2013),

o

Agricultural demand: based on irrigation and livestock demand
(Alcamo et al. 2003, aus der Beek et al. 2010, Döll and Siebert 2002).
Considers area equipped for irrigation (GMIAv5, Siebert et al. 2013).

A differentiation of water withdrawn from surface and groundwater is made (Döll et al.
2012).
Calculation of indicator:
1. Simulation of natural river discharge for each grid cell
(i.e., river discharge in the absence of human impacts)
2. Simulation of modified river discharge for each grid cell
(i.e., river discharge influenced by dam management and water use of different
water use sectors)
3. Calculation of the mean monthly magnitudes derived from the median of the
monthly flow data of each year (12 sub-indicators)
4. Calculation of the inter-annual variability of the monthly flow data derived from
the inter-quartile range (IQR) (12 sub-indicators)
5. Computation of the percentage alteration for each of the 24 sub-indicator and
each grid cell
6. Applying a scoring system to determine the degree of flow regime alteration in
each grid cell
7. Calculation of an average value for each BCU/ basin

Computation:

Simulation of underlying data (1, 2):
In order to simulate monthly river discharge for the baseline period 1971-2000 (climate
normal period), the global water model WaterGAP2.2 (Müller Schmied et al. 2014) was
applied, while the WATCH Forcing Data (WFD, Weedon et al. 2011) were used as
meteorological input. All calculations were performed on the WaterGAP2.2 grid cell
raster of 30 arc minute (longitude and latitude). In order to take into account water
consumption of the domestic and industry sectors (Flörke et al. 2013) as well as of
irrigation and livestock, the global water use sub-models of WaterGAP2.2 were applied
(Flörke et al. 2013, aus der Beek et al. 2010, Döll and Siebert 2002, Alcamo et al. 2003).
To represent the changes in hydrologic dynamics due to reservoir management, the
reservoir operation algorithm of Hanasaki et al. (2006) is applied in WaterGAP2.2 with
minor modifications described by Döll et al. (2009). Based on information of the GRanD
database (Lehner et al. 2011) and, in the case of Europe, additionally the EEA Eldred2,
European Lakes, Dams and Reservoirs Database (Croutez, 2008), 1 748 reservoirs
(658 irrigation, 1 090 non-irrigation) have been implemented in WaterGAP2.2. The
criterion of implementation was a minimum reservoir storage volume of 0.1 km³. The
hydrological model of WaterGAP2.2 is calibrated and validated against measured river
discharge and its reservoir algorithm against observed reservoir outflow (Döll et al. 2009,
Müller Schmied et al. 2014). In addition, the water use sub-models were calibrated for
the year 2005 and tested against historical trends (Flörke et al. 2013, aus der Beek et
al. 2010). For the year 2005, simulated global water withdrawals of 3 878 km³ are in
good agreement with the latest value of 3 752 km³ for the year 2006 provided by the
FAO (2012). In order to allow for a spatially explicit analysis, country-wide values of
domestic and manufacturing water use were allocated to the model’s grid cells using
demographic and socio-economic data (Flörke et al. 2013), while cooling water
requirements were calculated location-specific, i.e. already assigned to a grid cell. Water
requirements for irrigated crops are computed on a 0.5° grid.
Calculation of mean magnitudes and inter-annual variability (3, 4):
The selected 24 sub-indicators address the monthly flow magnitudes (Jan to Dec) and
variability (Jan to Dec) and are derived from monthly flow data per year of record and
per grid cell. In order to gain a single value per sub-indicator across the entire period,
the magnitude is described by the median (i.e., 50th percentile) and the inter-annual
variability by the inter-quartile range (IQR; i.e., difference between 75th and 25th
percentiles) (Richter et al. 1997).
Computation of the percentage alteration (5):
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After computing the sub-indicators for the natural flow regime and the modified flow
regime, the percentage differences were determined for each sub-indicator in each grid
cell.
Applying a scoring system (6):
The underlying assumption of this approach is that the greater the deviation of the flow
regime from natural flow conditions (and the more sub-indicators are substantially
modified), the more severe is the impact on the maintenance and health of a river
ecosystem. Consequently, five different threshold levels were considered for this
approach: ±20%, ±40%, ±60%, ±80% and ±100%. In case of one of these thresholds
was exceeded by one of the 24 sub-indicators, a score of one (>±20%), two (>±40%),
three (>±60%), four (>±80%), or five (>±100%) was added to the exceedance score.
Hence, the exceedance score can range from 0 (=no substantial change to the natural
flow regime) to 72 (=severe flow regime modification).
Determination of average BCU/ basin values (7):
As results of the TWAP project are presented per BCU and transboundary river basin,
the threshold exceedance score of all grid cells belonging to a BCU/transboundary river
basin were summed and divided by the total number of grid cells assigned to that BCU/
transboundary river basin.
The indicator has been calculated for all TWAP basins which could be assigned on the
WaterGAP2.2 grid cell raster. However, here it is necessary to note that verified
conclusions can only be drawn for transboundary basins > 25 000 km², broadly
equivalent to 10 grid cells at the equator. Hence, results for smaller basins are provided
but might contain a higher level of uncertainty.
Units:

A threshold exceedance score (see Computation)
Basins/ BCUs with a higher calculated score have a higher environmental water
stress. The original scores for the basins/ BCUs were normalized to a range from 0 to
1 and the relative risk categories were assigned in the following way:
Range
(normalized
score)
0.00

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

2 - Low

0.01 – 0.24

115 (69*)

43%

313 (241*)

49%

103 (25*)

38%

209 (65*)

33%

3 - Moderate

0.25 – 0.49

20 (6*)

7%

37 (14*)

6%

4 - High

0.50 – 0.74

15 (3*)

6%

38 (6*)

6%

5 - Very high

0.75 – 1.00

17 (4*)

6%

38 (17*)

6%

Relative risk
category
1 - Very low

Scoring system:

No. of
Basins

* Number of basins/BCUs for which results have been calculated, but bear a lower level of
confidence due to modelling limitations

Increasing deviations from natural flow patterns lead to increasing ecological
consequences. Consequently, the higher the relative risk category, the more likely it is
that the natural flow regime is altered due to water abstractions and dam management
beyond some admissible threshold. This is likely to increase the risk of ecosystem
degradation and to favour invasive species at the expense of adapted endemic
species (flora and fauna).



Limitations:

Spatial Extent:

Does not consider water quality (i.e. the indicator focuses on environmental
water stress due to flow regime alterations. Further environmental stress can
be caused by water quality issues.
 Uncertainty of thresholds (i.e. no generalizable ecological-flow relationships are
available for large-scale assessments. The applied thresholds are based on the
20 per cent rule likely indicating moderate to major changes in ecosystem
structure and functions (Richter et al. 2012). Further, the same threshold was
applied for all months.)
 Verified conclusions can only be drawn for basins > 25 000 km². Results for
basins smaller than this are calculated but are subject to much lower levels of
confidence in results due to modelling limitations.
Global (transboundary river basins)
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Spatial Resolution:

Basin country unit (BCU) + river basin scale

Year of Publication:

-

Time Period:

1971-2000

Additional Notes:

Date:
Format:
File Name:
Contact person:
Contact details:

22.01.2015
Microsoft Excel Worksheet
TWAP_RB_indicator_01_results.xlsx
Christof Schneider
Center for Environmental Systems Research, Kurt-Wolters-Str.3, 34109 Kassel
schneider@usf.uni-kassel.de, Phone: +49.561.804.6128
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Projected Environmental Stress for the 2030s and 2050s induced by Flow Regime
Alterations

Indicator Number:

Environmental Water Stress: Environmental stress induced by Flow Regime
Alterations (projected for 2030s and 2050s)
1 – projected 2030 and 1 – projected 2050

Thematic Group:

Water Quantity

Title:

Over the past few decades the value of the environment has become better understood
(MA, 2005). In some parts of the world environmental systems are being restored, but
mainly, environmental systems are coming under increasing threat from both demand
for water from other sectors (water quantity) and available water being polluted (water
quality). The TWAP RB Environmental Water Stress indicator focuses on the water
quantity aspect and considers hydrological alterations from monthly dynamics of the
natural flow regime due to anthropogenic water uses, dam operations and climate
change.
Rationale:

The natural flow regime is assumed to provide the optimum conditions for the river
ecosystem. In direct response to the natural flow regime and over evolutionary time
spans, native biota has developed different morphological, physiological and
behavioural traits. Provided habitats are exploited, all ecological niches are occupied
and the natural range of flows can be tolerated by the endemic biota. Consequently, in
basins/ BCUs with dam management and/ or high amounts of water abstractions, the
natural flow regime can be altered beyond some admissible threshold. In the coming
decades climate change will further modify river flow regimes by changes in precipitation
patterns and amounts, as well as temperature (affecting evapotranspiration and
snowmelt). These alterations are likely to increase the risk of ecosystem degradation
and favour invasive species at the expense of adapted endemic species.

Links :

GW: Some ecosystems are dependent on healthy GW supplies, linked to recharge
from rivers.
Lakes: Lakes and river ecosystems are strongly interrelated, and environmental
water stress in rivers is also likely to have an impact on lakes.
LMEs: Quantity of water output to LMEs, particularly affecting estuarine areas where
freshwater/saltwater interactions are important.

Description:

This indicator addresses environmental stress in the 2030s and 2050s induced by flow
regime alterations due to anthropogenic impacts such as dam operation, water use and
climate change. The modified flow regimes are compared to the natural flow by means
of 24 different sub-indicators which address monthly flow magnitudes (12 sub-indicators
for Jan to Dec) as well as inter-annual flow variability (12 sub-indicators for Jan to Dec)
of the monthly flow magnitudes. The underlying assumption of this approach is that the
greater the deviations of the flow regime from natural flow conditions, the more severe
are the negative impacts on the river ecosystem.

Metrics:



Natural river discharge per grid cell computed for the time period 1971-2000 by
CESR at 30 min. grid using the Global Hydrology sub-model WaterGAP2.2
(Müller Schmied et al. 2014). The meteorological data from WATCH (Weedon
et al., 2011) are used to drive the model.



Modified river discharge per grid cell computed for the time period 2021-2050
considering human impacts such as dam management (Hanasaki et al. 2006),
future water use and climate change. Climate change is taken into account by
considering projections of climate variables from 4 different GCMs (HadGEM2ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, and NorESM1-M) combined with an
RCP8.5 emission-scenario. Future water use of the 2030s and 2050s is
calculated by the Global Water Use sub-models of WaterGAP2.2 ( made up of:
o

Domestic demand: based on relationship between water use intensity
and income using ‘sigmoid curves’ (Flörke et al. 2013).

o

Thermal electricity production demand (Flörke et al. 2013).

o

Manufacturing industry demand (Flörke et al. 2013),
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o

Agricultural demand: based on irrigation and livestock demand
(Alcamo et al. 2003, aus der Beek et al. 2010, Döll and Siebert 2002).
Considers area equipped for irrigation (GMIAv5, Siebert et al. 2013).

A differentiation between water withdrawn from surface and groundwater is
made
(Döll et al. 2012).
Calculation of indicator was done in following steps:
1. Simulation of natural river discharge for each grid cell
(i.e., river discharge in the absence of human impacts)
2. Simulation of modified river discharge for each grid cell and for each climate
projection
(i.e., river discharge influenced by dam management, water use of different
water use sectors, and climate change)
3. Calculation of the mean monthly magnitudes derived from the median of the
monthly flow data of each year (12 sub-indicators)
4. Calculation of the inter-annual variability of the monthly flow data derived from
the inter-quartile range (IQR) (12 sub-indicators)
5. Computation of the percentage alteration for each of the 24 sub-indicator and
each grid cell
6. Applying a scoring system to determine the degree of flow regime alteration in
each grid cell
7. Calculation of an average value for each BCU/ basin for each climate projection
8. Calculation of ensemble medians for the 2030s and 2050s.

Computation:

Simulation of underlying data (1, 2):
In order to simulate monthly river discharge for the natural flow regime (1971-2000;
climate normal period) and the future modified flow regime (2030s and 2050s), the
global water model WaterGAP2.2 (Müller Schmied et al. 2014) was applied. While the
WATCH Forcing Data (WFD, Weedon et al. 2011) were used as meteorological input
for the baseline, climate projections from 4 different GCMs (HadGEM2-ES, IPSL-CM5ALR, MIROC-ESM-CHEM, and NorESM1-M) combined with an RCP 8.5 emission
scenario were used for the 2030s and 2050s. All calculations were performed on the
WaterGAP2.2 grid cell raster of 30 arc minute (longitude and latitude).
In order to take into account future water consumption of the domestic and industry
sectors (Flörke et al. 2013) as well as of irrigation and livestock, the global water use
sub-models of WaterGAP2.2 were applied (Flörke et al. 2013, aus der Beek et al. 2010,
Döll and Siebert 2002, Alcamo et al. 2003). To represent the changes in hydrologic
dynamics due to reservoir management, the reservoir operation algorithm of Hanasaki
et al. (2006) is applied in WaterGAP2.2 with minor modifications described by Döll et al.
(2009). Based on information of the GRanD database (Lehner et al. 2011) and, in the
case of Europe, additionally the EEA Eldred2, European Lakes, Dams and Reservoirs
Database (Croutez, 2008), 1 748 reservoirs (658 irrigation, 1 090 non-irrigation) have
been implemented in WaterGAP2.2. The criterion of implementation was a minimum
reservoir storage volume of 0.1 km³. The hydrological model of WaterGAP2.2 is
calibrated and validated against measured river discharge and its reservoir algorithm
against observed reservoir outflow (Döll et al. 2009, Müller Schmied et al. 2014). In
addition, the water use sub-models were calibrated for the year 2005 and tested against
historic trends (Flörke et al. 2013, aus der Beek et al. 2010). For the year 2005,
simulated global water withdrawals of 3 878 km³ are in good agreement with the latest
value of 3 752 km³ for the year 2006 provided by the FAO (2012). In order to allow for a
spatially explicit analysis, country-wide values of domestic and manufacturing water use
were allocated to the model’s grid cells using demographic and socio-economic data
(Flörke et al. 2013), while cooling water requirements were calculated location-specific,
i.e. already assigned to a grid cell. Water requirements for irrigated crops are computed
on a 0.5° grid.
Calculation of mean magnitudes and inter-annual variability (3, 4):
The selected 24 sub-indicators address the monthly flow magnitudes (Jan to Dec) and
variability (Jan to Dec) and are derived from monthly flow data per year of record and
per grid cell. In order to gain a single value per sub-indicator across the entire period,
the magnitude was described by the median (i.e., 50th percentile) and the inter-annual
variability by the inter-quartile range (IQR; i.e., difference between 75th and 25th
percentiles) (Richter et al. 1997).
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Computation of the percentage alteration (5):
After computing the sub-indictors for the natural flow regime and the modified flow
regime, the percentage differences were determined for each sub-indicator in each grid
cell.
Applying a scoring system (6):
The underlying assumption of this approach is that the greater the deviation of the flow
regime from natural flow conditions (and the more sub-indicators are substantially
modified), the more severe is the impact on the maintenance and health of a river
ecosystem. Consequently, five different threshold levels were considered for this
approach: ±20%, ±40%, ±60%, ±80% and ±100%. In case of one of these thresholds
was exceeded by one of the 24 sub-indicators, a score of one (>±20%), two (>±40%),
three (>±60%), four (>±80%) or five (>±100%) was added to the exceedance score.
Hence, the exceedance score can range from 0 (=no substantial change to the natural
flow regime) to 72 (=severe flow regime modification).
Determination of average BCU/ basin values (7):
Since results of the TWAP project are presented per BCU and transboundary river
basin, the threshold exceedance score of all grid cells belonging to a
BCU/transboundary river basin were summed and divided by the total number of grid
cells assigned to that BCU/ transboundary river basin.
Calculation of ensemble means for the 2030s and 2050s (8):
For the final map, ensemble medians were calculated from the 4 different model runs
for the 2030s and 2050s.
The indicator has been calculated for all TWAP RB basins which could be assigned on
the WaterGAP2.2 grid cell raster. However, here it is necessary to note that verified
conclusions can only be drawn for transboundary basins > 25 000 km², broadly
equivalent to 10 grid cells at the equator. Hence, results for smaller basins are provided
but might contain a lower level of confidence.
Units:

A threshold exceedance score (see Computation)
Basins/ BCUs with a higher calculated score have a higher environmental water
stress. For the baseline assessment, original scores were normalized to a range from
0 to 1. In order to be able to compare scenario with baseline results (i.e. to have the
same relative risk category boundaries), the original scores for the basins/ BCUs were
normalized here by the maximum values of the baseline, so that values above 1 are
possible. The relative risk categories were assigned in the following way (2030s):
Relative risk
category
1 - Very low
2 - Low
3 - Moderate

Scoring system:

4 - High
5 - Very high

Range
(normalized
score)

0.00
0.01 – 0.24
0.25 – 0.49
0.50 – 0.74
0.75 – 1.63

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

1 (1*)

0%

2 (2*)

0.3 %

110 (55*)

41 %

256 (166*)

40.3 %

68 (30*)

25 %

155 (87*)

24.4 %

35 (11*)

13 %

69 (31*)

10.9 %

56 (9*)

21%

153 (57*)

24.1 %

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

0 (0*)

0%

0 (0*)

0%

67 (38*)

25 %

176 (113*)

28 %

84 (30*)

31 %

198 (116*)

31 %

33 (20*)

12 %

70 (41*)

11 %

86 (19*)

32 %

191 (73*)

30 %

No. of
Basins

And for the 2050s:
Relative risk
category
1 - Very low
2 - Low
3 - Moderate
4 - High
5 - Very high

Range
(normalized
score)

0.00
0.01 – 0.24
0.25 – 0.49
0.50 – 0.74
0.75 – 1.60

No. of
Basins

* Number of basins/BCUs for which results have been calculated, but bear a lower
level of confidence due to modelling limitations.
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Increasing deviations from natural flow patterns lead to increasing ecological
consequences. Consequently, for basins in the higher relative risk categories, it is very
likely that the natural flow regime is altered beyond some admissible threshold. This is
likely to increase the risk of ecosystem degradation and to favour invasive species at
the expense of adapted endemic species (flora and fauna).




Does not consider water quality (i.e. the indicator focuses on environmental
water stress due to flow regime alterations. Further environmental stress can
be caused by water quality issues.)
Uncertainty of thresholds (i.e. no generalizable ecological-flow relationships are
available for large-scale assessments. The applied thresholds are based on the 20
per cent rule probably indicating moderate to major changes in ecosystem structure
and functions (Richter et al. 2012). Further, the same threshold was applied for all
months)

Limitations:



Spatial Extent:

Verified conclusions can only be drawn for basins > 25 000 km². Results for
basins smaller than this will still be produced, but with much higher levels of
uncertainty.
Global (transboundary river basins)

Spatial Resolution:

Basin country unit (BCU) + river basin scale

Year of Publication:

2015

Time Period:

2030s (2021-2050) and 2050s (2041-2070)

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

22.01.2015
Microsoft Excel Worksheet
TWAP_RB_indicator_01_2030s_results.xlsx and
TWAP_RB_indicator_01_2050s_results.xlsx
Christof Schneider
Center for Environmental Systems Research, Kurt-Wolters-Str.3, 34109 Kassel
schneider@usf.uni-kassel.de, Phone: +49.561.804.6128

12

Human Water Stress
Title:

Human Water Stress

Indicator Number:

2

Thematic Group:

Water Quantity

Rationale:

Water scarcity is a, if not the, key limiting factor to development in many
transboundary basins. Water stress can be caused by a combination of increasing
demands from different sectors and decreasing supply due to climate change-related
variability. Human water stress has been defined in a number of different ways since
Falkenmark (1989, Rijsbeman 2005).

Links :

GW (some of the renewable water supply is available from aquifers) (and many nonrenewable sources), Lakes (this is also a reflection of the pressure on lake water),
LMEs (indication of the quantity of water likely to reach the coast).
This indicator deals with the quantity of water available per person per year relative to
the internal and upstream area water supplies, on the premise that the less water
available per person, the greater the impact on human development and well-being, and
the less water there is available for other sectors. Water benefits must be defined not
only by the locally generated runoff but also by remote runoff transported horizontally
through river corridors as discharge often across international borders. Along the way
the supply can be withdrawn, depleted, redirected, and/or polluted, thus setting up
constraints on the accessible water resource system or potential for human water stress.

Description:

Two (sub)indicators of human water stress were constructed to address the different
facets of water supply and water use/withdrawals:
a) Renewable Water Supply (Sub-indicator 2a)
b) Relative Water Use (Sub-indicator 2b)
All data were computed in 30' latitude-longitude (i.e., 0.5° degree) gridded format in the
Geographic projection over the TFDD basin-country-unit (BCU) and transboundary
basin regions.
Center for International Earth Science Information Network (CIESIN)/Columbia
University, International Food Policy Research Institute (IFPRI), The World Bank, and
Centro Internacional de Agricultura Tropical (CIAT), 2011. Global Rural-Urban
Mapping Project, Version 1 (GRUMPv1): Population Count Grid. NASA
Socioeconomic Data and Applications Center (SEDAC), Pallisades, NY.
Charles J. Vörösmarty, Pamela Green, Joseph Salisbury, and Richard B. Lammers
Global water resources: Vulnerability from climate change and population growth.
Science 289: 284-288 (in Reports).
Charles J. Vörösmarty, C. Leveque, C. Revenga (Convening Lead Authors)
Coordinating Lead Authors: Chris Caudill, John Chilton, Ellen M. Douglas, Michel
Meybeck, Daniel Prager, 2005. Chapter 7: Fresh Water. In: Millennium Ecosystem
Assessment, Volume 1: Conditions and Trends Working Group Report. Island Press.

Metrics:

Charles J. Vörösmarty, Ellen M. Douglas, Pamela A. Green, and Carmen Revenga.
Geospatial Indicators of Emerging Water Stress: An Application to Africa, Ambio, 34
(3): 230-236, 2005b.
Malin Falkenmark. "The massive water scarcity threatening Africa-why isn't it being
addressed." Ambio 18, no. 2 (1989): 112-118.
Malin Falkenmark. "Rapid Population Growth and Water Scarcity: The Predicament of
Tomorrow's Africa." Population and Development Review (Population Council) 16
(1990): 81-94.
Malin Falkenmark and C Widstrand. Population and Water Resources: A Delicate
Balance. Population Bulletin, Population Reference Bureau, 1992.
Lila Warszawski, Katja Frieler, Veronika Huber, Franziska Piontek, Olivia Serdeczny,
and Jacob Schewe, The Inter-Sectoral Impact Model Intercomparison Project (ISI–
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MIP): Project framework, PNAS 2014 111 (9) 3228-3232; published ahead of print
December 16, 2013, doi:10.1073/pnas.1312330110.
Wisser D, Fekete BM, Vörösmarty CJ, Schumann AH (2010) Reconstructing 20th
century global hydrography: a contribution to the Global Terrestrial NetworkHydrology (GTN-H). Hydrol Earth Sys Sci 14:1-24.
1.

Renewable Water supply: Computed as the internal water supplies available to
the basin/BCU divided by the total population in the transboundary basin/BCU.
Water Supply / Number of people

Where Water Supply = sum of volume of discharge generated locally in the TFDD
BCU/basin regions (long-term annual average discharge over years 1971-2000 from
ISI-MIP Project Warszawski et al 2013; Wisser et al 2010); Number of people in region
= sum of local gridded population (GPW3, CIESIN 2011) for year 2010 in TFDD
BCU/basin regions.
The sub-indicator was ranked according to five relative risk categories from very low to
very high risk based on scientifically agreed thresholds for human water stress
(Falkenmark 1989, 1990; Falkenmark and Widstrand 1992; Vorosmarty et al 2000,
2005) as noted below:
Relative risk
categories

m3/person/yr

1

Very low

> 1 700

2

Low

1 300 – 1 700

3

Moderate

1 000 – 1 300

4

High

500 – 1 000

5

Very high

< 500

Computation:

2. Relative water Use: Computed as the mean annual withdrawals (by sectoral and
total water use) divided by internal and upstream water supplies available to the
BCU/transboundary basin:
Total Water Withdrawals / Water Supply
Where Total Water Withdrawals = sum of volume of water withdrawals (km3/yr) from
the domestic, electricity production, manufacturing and agricultural sectors for year 2010
(from ISI-MIP Project, Warszawski et al 2013) in the TFDD basin-country-unit /basin
regions; Water Supply = sum of volume of discharge generated locally in the TFDD
basin-country-unit/basin regions (long-term annual average discharge over years 19712000 from ISI-MIP Project Warszawski et al 2013; Wisser et al 2010).
Sub-indicator was ranked according to five relative risk categories from very low to
very high risk based on scientifically agreed thresholds (Falkenmark 1989, 1990;
Falkenmark and Widstrand 1992; Vorosmarty et al 2000, 2005) as noted below:
Relative risk
categories

Ratio water
Demand/Supply

1

Very low

< 0.1

2

Low

0.1-0.2

3

Moderate

02.-0.4

4

High

0.4-0.8

14

5

Units:

Very high

> 0.8

See description
The Human Water Stress (Main) indicator is defined as the greater ranking relative risk
category of the two sub-indicators above. Results of the Human Water Stress
indicator are summarized below:
Range

No. of
Basins

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

1 - Very low

-

153 (84*)

62%

350 (227*)

61%

2 - Low

-

24 (9*)

10%

55 (24*)

10%

3 - Moderate

-

23 (6*)

9%

41 (15*)

7%

4 - High

-

19 (5*)

8%

49 (22*)

8%

5 - Very high

-

28 (8*)

11%

83 (38*)

14%

Relative risk
category

Scoring system:

* Number of basins/BCUs for which results have been calculated, but bear a lower level of
confidence due to modelling limitations





Limitations:

Does not consider water quality explicitly, although it can be compared to the
aggregate inland water threat mapping, as well as the water quality
subcomponents thereof (Vörösmarty et al. 2010). The level of water stress may
also be impacted by the water quality, as the available water needs to be of a
certain standard fit for the required use. This indicator can therefore be viewed
in the context of the two TWAP RB water quality indicators.
To maintain the integrity of the approach, only results for basins greater than
25 000 – 30 000 km2 can be provided with a scientifically credible level of
certainty and thus used in the ranking system. Results for basins smaller than
25 000 – 30 000 km2 have been provided with the tabular information for
reference only and were not used in the calculation of rankings. Risk calculation
for basins less than 30 000 km2 may be calculated using a higher resolution
data. The higher resolution approach could involve the construction of basinspecific high resolution stream networks (based on Hydrosheds of the order of
km in length scale) or the simulation of composite hydrologic behaviors
integrating the behavior of the full basin or major tributaries. In either case, there
would be mismatches with several of the underlying data sets for which the
remainder of the TWAP analysis is configured (i.e., 30' L/L). Alternative
resampling or downscaling would need to be explored. Reconciling these
inconsistencies, in order to establish the level of trust in the outputs will require
additional analysis.

Spatial Extent:

Global

Spatial Resolution:

30- X 30-min Lat X Lon

Year of Publication:

2010

Time Period:

2000

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

16.02.2016.
Excel Spreadsheet
TWAP_RB_indicator_02_results.xlsx
Charles J. Vörösmarty, Pamela Green
cvorosmarty@ccny.cuny.edu, pgreen.ccny@gmail.com
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Agricultural Water Stress
Title:

Agricultural water stress

Indicator Number:

3

Thematic Group:

Water Quantity
Throughout history, agriculture has been an important user of water resources. Today,
agriculture accounts for approximately 70% of all water abstraction worldwide (FAO
statistics 2012), of which most of the water is withdrawn for irrigation purposes. In the
year 2000, more than 30% of the global crop production was generated on irrigated
areas, which account for almost 24% of the total global cropland (Portmann et al.
2011). Consequently, the impact of agriculture on global water resources is large and
often the main originator for the appearance of water stress.

Rationale:

Higher levels of irrigation will generally indicate higher levels of water withdrawal, less
available water for other sectors, and potential vulnerability to decreases in rainfall as
a result of climate change. On the other hand, agriculture is important for food security
and livelihoods in many countries, and can be a key source of export income. Indeed,
agriculture is the most important economic sector in many developing countries.
The Agricultural Water Stress indicator identifies agricultural water stress of
agricultural land under irrigation. Here, the irrigation consumption-to-availability(c.t.a.)
ratio is applied for estimating agricultural water stress. In a further step, the share of
groundwater being used for irrigation purposes can be estimated (Siebert et al.
2010).The results of this indicator can be compared to the human and environmental
water stress indicators to see which issue is likely to be of greatest importance to the
basin in terms of water quantity.

Links :

GW: potential abstraction & recharge
Lakes: potential abstraction & inflow
LMEs: quantity of water output to LMEs

Description:

Mean annual irrigation water consumption divided by the sum of mean annual runoff
(MMR).



Metrics:




Mean Annual Runoff (MAR) – 1971-2000 data computed by CESR based on
WATCH meteorological input (Weedon et al., 2011) at 30 min. grid using the
Global Hydrology sub-model of the WaterGAP 2.2 model (Müller Schmied et al
2014).
Irrigation water consumption per gird cell for the climate normal period 19712000 (Alcamo et al. 2003, aus der Beek et al. 2010, Döll and Siebert 2002)
considering latest available data on area equipped for irrigation.
Area equipped for irrigation around the year 2005 (GMIAv5, Siebert et al. 2013)

Calculation of indicator was done in following steps:
1. Mean annual irrigation water consumption per grid cell summed per basin/BCU;
2. MAR computed per grid cell and summed per basin/ BCU;
3. Irrigation water consumption divided by MAR and calculated for each basin/ BCU.

Computation:

Simulation of underlying results:
The amount of water required by irrigated crops depends on many factors. For this
indicator, the global water model WaterGAP2.2 has been used to simulate net and gross
irrigation water requirements for the climate normal period 1971-2000 based on climate,
local topography, crop type, area equipped for irrigation, and the irrigation project
efficiency (aus der Beek et al. 2010, Döll and Siebert 2002). In order to simulate mean
monthly runoff (MMR) for the climate normal period, the hydrological component of
WaterGAP2.2 (Müller Schmied et al 2014) was applied. For both runoff and irrigation
water use, the WATCH Forcing Data (WFD, Weedon et al. 2011) were used as input to
drive WaterGAP2.2. All calculations were performed on a 30 arc minute grid cell raster
and summed to the BCUs.
By using this indicator, it is assumed that a drainage basin suffers from severe water
stress if c.t.a. > 0.3 or, in other words, if irrigation consumption exceeds 30% of the
reliable annual (or seasonal) water availability. A c.t.a. below 0.3 indicates low to
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moderate water stress. The thresholds are chosen arbitrarily, but have been derived
from EEA (2003) which shows a figure for the water consumption index ranging from
(almost) zero to 30% in Europe.

Units:

The agricultural water stress indicator has been calculated for all TWAP basins and
BCUs which could be assigned on the WaterGAP2.2 grid cell raster (corresponding to
a spatial extent of more than 2 000 km2). However, it is necessary to note that verified
conclusions can only be drawn for transboundary basins > 25 000 km², broadly
equivalent to 10 grid cells at the equator. Hence, results for smaller basins are provided
but might contain a lower level of confidence.
[million m³ water consumed per million m³ water available]
Basins/ BCUs with the highest scores have the highest agricultural water stress. In
relation to the c.t.a. ratio the following (relative) risk categorization was applied:
Range
(normalized
score)
0.00

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

59 (28*)

22%

166 (124*)

26%

2 - Low

0.01 – 0.05

156 (63*)

58%

344 (176*)

54%

3 - Moderate

0.06 – 0.20

30 (12*)

11%

66 (26*)

11%

4 - High

0.21 – 0.30

10 (2*)

3%

14 (5*)

2%

>0.30

15 (2*)

6%

45 (12*)

7%

Relative risk
category
1 - Very low

Scoring system:

5 - Very high

No. of
Basins

* Number of basins/BCUs for which results have been calculated, but bear a lower
level of confidence due to modelling limitations
Category 5 indicates basins/ BCUs with very high levels of irrigation water consumption
which leads to less available water for other sectors, and potential vulnerability to
decreases in rainfall as a result of climate change. In addition, food security, export
income and livelihoods might be threatened in basins/ BCUs of Category 5.
Limitations:
Spatial Extent:

Considers areas equipped for irrigation rather than real irrigated areas
Global (transboundary river basins)

Spatial Resolution:

Basin country unit (BCU) + river basin scale

Year of Publication:

-

Time Period:

1971-2000

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

27.01.2015
Microsoft Excel Worksheet
TWAP_RB_indicator_03_results.xlsx
Christof Schneider
Center for Environmental Systems Research, Kurt-Wolters-Str.3, 34109 Kassel
schneider@usf.uni-kassel.de, Phone: +49.561.804.6128
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Water Quality
Nutrient Pollution (Baseline 2000; and Projections 2030 and 2050)
Title:

Nutrient Pollution

Indicator Number:

4

Thematic Group:

Water Quality
River nutrient pollution is caused mainly by agricultural activities (fertiliser use and
wastes from livestock), urban wastewater, and atmospheric deposition of nitrogen.
Contamination by nutrients (particularly forms of nitrogen and phosphorous) increases
the risk of eutrophication in rivers, which can pose a threat to environmental and
human health (e.g. algal blooms, decreases in dissolved oxygen, increase in toxins
making water unsafe for humans and wildlife). This indicator considers river pollution
from nitrogen and phosphorus. The indicator is based on 2 sub-indicators:

Rationale:

a) Dissolved inorganic nitrogen (DIN) (sub-indicator 4a)
b) Dissolved inorganic phosphorous (DIP) (sub-indicator 4b)
These represent the nutrient forms that contribute rapidly to eutrophication and have
strong anthropogenic sources.
Five risk categories for each sub-indicator were developed based on published
national river water quality criteria, with a risk factor of 5 being the highest risk for
eutrophication and 1 the lowest. The combined Nutrient Pollution indicator score for
each basin was then calculated as the higher of the 2 sub-indicator risk factors.

Links :

The river nutrient pollution indicator has links with the TWAP LME component. The
same river watershed model (NEWS) was used for calculating N and P for both the
River Basin and LME components of TWAP. Both of these components used
amounts as well as nutrient ratios in the development of sub-indicators and a
combined indicator, although the approaches differed due to differences in freshwater
and marine ecosystem responses to nutrients. Furthermore, the base year conditions
and the scenario for future projections (2030 and 2050) were the same for both
components.
The river Nutrient Pollution indicator is divided into two sub-indicators corresponding to
nitrogen (N) and phosphorus (P) nutrient forms representative of water quality
impairment: dissolved inorganic N and P (DIN, DIP). Each sub-indicator represents
annual-scale mean river nutrient concentration for the entire basin. This assessment is
originally derived for Global NEWS 2 basins (Mayorga et al, 2010; Seitzinger et al, 2010)
by assuming that the mean annual concentration at the basin mouth (where the
mainstream river drains to the coast or to endorheic terminal points) is representative of
river channel concentrations across the basin.

Description:

Concentration values for TFDD river basins are calculated based on spatial intersection
with Global NEWS 2 basins, as described under “Computation”. The Global NEWS
2 model run used here is referred to as the Realistic Hydrology Model Run for reference
year 2000 (RH2000), and corresponds to near-contemporary conditions using the year
2000 as a reference for all basin model inputs and forcings (Mayorga et al, 2010).
RH2000 is based on observed climate forcings and river discharge corrections from river
gauge observations, and was developed to represent contemporary conditions more
realistically than the year 2000 reference model run used in the Millennium Ecosystem
Scenarios (MEA) assessment presented in Seitzinger et al. (2010) and related
publications.
For future projections (2030 and 2050), model inputs and forcings were based on the
Global Orchestration (GO) scenario of the MEA (Seitzinger et al. 2010). The GO
scenario is an internally consistent, plausible global future and focuses on implications
for ecosystem services. The forcing data include not only climate change, hydrology,
water use, population, and GDP, but also nutrient management options for agriculture
(crop and livestock) and sewage treatment. GO describes a globalized world with a
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focus on economic development with rapid economic and urbanization growth, and a
reactive environmental management.

Metrics:

Average annual river yields of DIN and DIP were calculated using the Global Nutrient
Export from WaterSheds 2 (NEWS 2) model. Output is in kg N or P per year
normalized by basin area. Results output is average for the basin, but most input data
sets (for sources of pollutants) are calculated at 0.5 degree grids. River concentrations
were then calculated as yield divided by water runoff. Basin area – part of NEWS
inputs based on STN30 watershed delineations, presented in km2. The Computation
section below describes processing steps and data sources in more detail. Subindicators are based on global river nutrient export modelling results from the Global
NEWS group, published in 2010 as Global NEWS 2. More information can be found in
the two publications listed below and on the Global NEWS web site:
http://www.marine.rutgers.edu/globalnews/
- Mayorga, E., S.P. Seitzinger, J.A. Harrison, E. Dumont, A.H.W. Beusen, A.F.
Bouwman, B.M. Fekete, C. Kroeze and G. Van Drecht. 2010. Global Nutrient Export
from WaterSheds 2 (NEWS 2): Model development and implementation.
Environmental Modelling & Software 25: 837-853, doi:10.1016/j.envsoft.2010.01.007
- Seitzinger, S.P., E. Mayorga, A.F. Bouwman, C. Kroeze, A.H.W. Beusen, G. Billen,
G. Van Drecht, E. Dumont, B.M. Fekete, J. Garnier and J.A. Harrison. 2010. Global
river nutrient export: A scenario analysis of past and future trends. Global
Biogeochemical Cycles 24: GB0A08, doi:10.1029/2009GB003587
The sub-indicator annual-scale nutrient concentrations for TFDD basins were calculated
by transferring nutrient model output created for Global NEWS 2 using a slightly
modified version of the STN-30p version 6.01 30-minute (0.5 degree) global river system
and basins dataset (Mayorga et al, 2010). The computational procedures used are as
follows:
1. The final TFDD basin-scale dataset (updated and distributed for the TWAP project in
February 2014, as the shape file “RiverBasins_ver_1_20140215.shp”) was reprojected to a “geographic” projection (EPSG:4326) as preparation for GIS overlay
with NEWS 2 STN-30p basins. In addition, small inconsistencies in geometric type
representations (single polygon vs. multi-polygon features, and presence of “geometry
collection” types) were corrected during this pre-processing. The TFDD dataset
contains 286 transboundary river basins.

Computation:

2. To enable the transfer of attributes and data from NEWS 2 basins to TFDD basins,
the NEWS 2 STN-30p basins polygon dataset was spatially intersected with the final
TFDD basins polygon dataset. The result was 1 881 individual component polygons,
each polygon having core basin attributes from the two original GIS datasets. Three
very small TFDD basins (CONV/Conventillos, 7km2; ELNA/El Naranjo, 24km2;
PDNL/Pedernales, 320km2) had no intersecting NEWS 2 STN-30p basin, and therefore
could not be assigned nutrient results. A brief quality assessment of the dataset spatial
overlay is presented under Additional Notes.
3. NEWS 2 basin-scale data was transferred to TFDD basins as area-weighted means
of the component NEWS 2-derived basin polygons for each TFDD basin (from step #2,
above). These annual-scale NEWS 2 attributes are: actual runoff (river discharge at the
mouth normalized by NEWS 2 basin area), and nutrient yields (river nutrient form loads
at the mouth normalized by NEWS 2 basin area) for the each of the 2 nutrient forms
(dissolved inorganic N (DIN) and dissolved inorganic P (DIP)).
4. Once NEWS 2 attributes were transferred to TFDD basins, sub-indicator (DIN, DIP)
nutrient concentrations (mg N/L or mg P/L) were calculated by dividing the
corresponding nutrient yield by runoff. If the TFDD-basin-scale runoff was zero, a
nutrient concentration was not calculated and was left as a Null value. For the 6 small
TFDD basins that had no intersecting NEWS 2 basins, a nutrient concentration could
not be calculated directly and was left as a Null value.
5. Out of the 286 transboundary basins, 153 were classified as “uncertain” (Fig. 3),
and thus while included in the maps, are not included in the discussion of results. The
“lower confidence” flagging is the result of four different tests: if any of below
conditions are true, the ‘lower confidence in results’ flag is set:
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1) TFDD basin area < 20 000 km2;
2) TFDD basin has a corresponding dominant NEWS basin (largest contributing area
percentage) made up of < 10 0.5-degree grid cells;
3) the intersection of the TFDD basin with the NEWS/STN30 basin with the largest
geographical overlap/overlay with that basin amounts to < 50% of the area of this TFDD
basin (an assessment of the geographical coincidence between TFDD and
NEWS/STN30 basins); and
4) <60% of the TFDD basin is covered (overlapped) by NEWS/STN30 basins. In NEWS
2 (following an analysis done by the original STN-30p dataset developers), watersheds
25 000 km2 at the equator, and
smaller at higher latitudes) are deemed to have lower confidence in results due to scale
limitations.

Units:

It should be noted that TFDD basins are mainly relatively small, with a median basin
area of 22,185 km2. Additional uncertainty in the transferring of results from NEWS 2 to
TFDD basins involves the robustness or quality of spatial overlays between TFDD and
NEWS basins.
mg N/L or mg P/L
DIN and DIP concentrations were used to establish 5 relative risk categories for the
DIN and for the DIP sub-indicators. Published national water quality criteria were used
as guidelines for establishing the concentration ranges in each category as indicated
below (Table 1).
After ranking DIN and DIP for each river basin from 1-5, the higher of the 2 subindicator risk categories for a basin was used as the combined nutrient (NP) indicator
risk category.
For DIN:

Conc. Range mg
N/L

Relative
risk
category

0.15
0.15 and 0.50
0.50 and 1.00
1.00 and 2.00
2.00
Scoring system:

Description

1
2
3
4
5

Very low
Low
Moderate
High
Very high

For DIP:

Conc. Range mg
P/L

Relative
risk
category

0.01
0.01 and 0.03
0.03 and 0.10
0.10 and 0.50
0.50

Description

1
2
3
4
5

Very low
Low
Moderate
High
Very high

Summary of Nutrient Pollution indicator results can be seen in the table below:
Relative risk
category
1 - Very low

Range
(normalized
score)
-

No. of
Basins

Proportion
of Basins

No. of
BCUs

Proportion
of BCUs

7 (1*)

2%

-

-

2 - Low

-

107 (65*)

38%

-

-

3 - Moderate

-

77 (25*)

28%

-

-

4 - High

-

59 (34*)

21%

-

-
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30 (22*)
11%
5 - Very high
* Number of basins/BCUs for which results have been calculated, but bear a lower level of
confidence due to modelling limitations. See more in section ‘Computation’
No BCU level results are provided for this indicator. See more information under section
‘Additional notes’.

1. Indicator only provides basin averages, so does not identify hotspots within basins. If
additional funding becomes available, some sub-basin information on indicators and
sources could be provided.
Limitations:

Spatial Extent:

2. As noted above, out of the 286 transboundary basins, 147 were classified as having
results with “low confidence” due primarily to their small size, while there were no
results for 6 of the basins.
3. Indicator only considers N and P concentrations, and doesn’t consider factors such
as hydrology that can affect ecosystem response to nutrients.
Global

Spatial Resolution:

Calculations are based on the polygon representation of basins draining to the coast
or to endorheic terminal points. The spatial resolution is therefore highly variable. The
raster resolution of the basins dataset used and of the majority of original model
drivers is 0.5 degrees.

Year of Publication:

2010 (publication of original, source Global NEWS 2 results that supported the
TWAP analyses)

Time Period:

Additional Notes:

Date:
Format:
File Name:
Contact person:
Contact details:

2000 (2030 and 2050 for projections)
1. Only TFDD basin-scale results are provided; as the scale of the STN-30p basin
definitions is coarser than that of TFDD basins, operating only with TFDD basin units
(and not basin country units).
2. Most GIS operations were carried out using PostGIS, the spatial extension of the
open-source PostgreSQL Relational Database Management System.
3. It is possible that NEWS 2 STN-30p basins could intersect only a small fraction of a
TFDD basin, resulting in poorly supported mean nutrient concentration sub-indicators.
This possibility was examined. Excluding the 3 very small TFDD basins
(CONV/Conventillos, 7km2; ELNA/El Naranjo, 24km2; PDNL/Pedernales, 320km2)
with no intersecting NEWS 2 STN-30p basin, all but 1 TFDD basins have > 50% of
their area covered by NEWS 2 basins, and all but 10 TFDD basins have > 80% of their
area covered by NEWS 2 basins. Other assessments of reliability of basin-intersection
and attribute transfer were generated.
16.02.2015.
Excel (results template provided on Data Portal)
TWAP_RB_indicator_4_results.xlsx (Combined single indicator),
TWAP_RB_indicator_4a_results.xlsx (DIN sub-indicator), and
TWAP_RB_indicator_4b_results.xlsx (DIP sub-indicator)
Emilio Mayorga
mayorga@apl.washington.edu University of Washington, Seattle, USA
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Supplementary Material – Nutrient Pollution Indicators

Published river water quality criteria for:
a) Nitrogen from various sources:
mg N/l
NO3

2.9

NO3

2

DIN

2.6

TN

0.8 – 5.0

TN

0.625-1.25 high
1.25-5.0 very high
0.12-2.18
(0.67 aver.)

TN

TN

0.75-1.5 moderately
eutrophic
1.5-2.5 strongly
eutrophic

Reference
(Canadian Council of Ministers of
the Environment, 2003)
(Camargo, Alonso, & Salamanca,
2005)
(Laane, Brockmann, van Liere, &
Bovelander, 2005)
(Laane, Brockmann, van Liere, &
Bovelander, 2005)

(Swedish Environmental Protection
Agency, 2000)
(US Environmental Protection
Agency, 2001)

(UN/ECE, 1992)

Comment
Canadian WQ guidelines
Literature review
WQ objective for European
rivers (no range given)
Range in the minimum and
max of quality objective in
European river presented by
10 EU countries
Typical of Swedish eutrophic
lakes
Recommended EPA criteria –
range across 14 aggregate
ecosystems for rivers and
streams in USA; conc. To
protect against eutrophication
ECE standards surface water
quality

b) Phosphorus from various sources:
μg P/l
TP

10 - 76

Reference
(US Environmental Protection
Agency, 2001)

DIP

10 - 1938

(Laane, Brockmann, van Liere, &
Bovelander, 2005)

TP

50-970

(Laane, Brockmann, van Liere, &
Bovelander, 2005)

TP

75 – 100

Guidance for Implementing
Wisconin’s Phosphorus water
quality standards for point source
discharges (2012)

DIP

Hi 20-50
Good 40-120
Moderate 150-250
Poor 500 1000
Hi 19.24
Good 28-69
Moderate 87-173
Poor 752-1003

UK Technical Advisory Group on
the WFD (UK Environmental
Standards and conditions – Phase
1) 2008
Environment Agency UK , UK
Technical Advisory Group. 2013.
Phosphorus Standards for Rivers,
Updated recommendations.

DIP
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Comment
Recommended EPA criteria –
range across 14 aggregate
ecosystems for rivers and
streams in USA; conc. To
protect against eutrophication
Range in the minimum and
max of quality objective in
European river presented by
10 EU countries (e.g.,
Netherlands 10 summer “very
bad” – France 1938 “strong
pollution”
Range in the minimum and
max of quality objective in
European river presented by
10 EU countries
To protect the fish and aquatic
life uses established in s. NR
102.04 (3) on rivers and
streams that generally exhibit
unidirectional flow, total
phosphorus criteria
Standards associated with
diatom communities in rivers at
High and Good Status
Ranges include low to high
alkalinity, and lowland to
upland rivers
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DIN nutrient sub-indicator risk categories for TFDD basins for 2000, 2030 and 2050
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DIP nutrient sub-indicator risk categories for TFDD basins for 2000, 2030 and 2050
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Nutrient Pollution “Flagged basins”
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Diffuse Sources

DOP
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Dataset

DIN

Input data sets used in the Global NEWS model for DIN, DON, DIP, DOP, PN and PP
(Table adapted from Mayorga et al. (2010))
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X
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X
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X
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5

X
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X
X
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9
9, 11
9, 12
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2
2
13
14
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X
X

X
X

X
X

X
X

X

X

X
X

X
X

X

X

X

X

X

X
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a

Sources

15

2
2

Used for analysis of results.
Data sources: 1 (Vörösmarty et al., 2000) 2(Bouwman et al., 2009); 3(Processed as described in Global NEWS
model description (Mayorga et al., 2010); 4(Bouwman et al., 2009); 5(Bouwman et al., 2009); 6(Beusen et al.,
2009); 7(Bouwman et al., 2009); 8(Bouwman et al., 2009); 9(Fekete et al., 2010); 10(New et al., 1999); 11(Meybeck
and Ragu, 1996); 12(Vörösmarty et al., 2003); 13(Lehner and Döll, 2004); 14(Kottek et al., 2006); 15(Van Drecht et
al., 2009)
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Wastewater Pollution

Title:

Wastewater Pollution

Indicator Number:

5

Thematic Group:

Water Quality

Untreated wastewater from human activities is one of the major threats to water quality

Rationale:

and human health today. After use for domestic and commercial purposes, and
industrial activities, water often contains remains of the respective activity – e.g.
nutrients, chemical residues and other pollutants. Untreated wastewater can threaten
human health, lead to algal blooms and eutrophication (which can lead to fish die-off
due to lack of oxygen).
With rapidly expanding cities, often without adequate sanitation services and
regulatory frameworks to control this pollution, wastewater is a significant problem in
many parts of the world.

Links :

GW (contaminated recharge), Lakes (contamination, eutrophication), LMEs (quality of
water), OO (persistent pollutants)

Description:

The Wastewater Pollution indicator measures the estimated levels of wastewater
treatment in Basin Country Units (BCUs) (based on national data), rather than absolute
volumes of wastewater polluting waterways. This gives an indication of the risks from
pathogens which may be highly relevant to vulnerable populations at local scales, and
the aggregated scores give an indication of threats stemming from poor wastewater
treatment performance on a basin level.
This indicator is largely based on data and methodology from the Wastewater Treatment
Performance indicator developed by the EPI (Environmental Performance Index) team
at The Yale Center for Environmental Law & Policy (Malik et al. 2015). This indicator
compiles wastewater treatment statistics for 183 countries and was deemed to be the
most comprehensive, up-to-date data source available.
1. EPI Wastewater Treatment Performance Indicator (national level data)
Based on two metrics: wastewater treatment and connection rate (Malik et al. A global
indicator of wastewater treatment to inform the Sustainable Development Goals (SDGs),
Environmental Science & Policy, Volume 48, April 2015, Pages 172–185).
Wastewater is defined as “water that has been used by households, industries, and
commercial establishments that, unless treated, no longer serves a useful purpose and
may contain contaminants”
The EPI Wastewater Treatment Performance indicator is based on two variables:
a) wastewater treatment - the amount of wastewater that is treated within a country
relative to the amount of wastewater that is collected, generated, or produced;
b) connection rate – the population connected to municipal sewerage systems relative
to the population living in the country.

Metrics:

The indicator assesses national wastewater treatment performance, normalizing
treatment scores by the population connected to municipal sewerage systems, using
following calculation:
wastewater treatment level x connection rate
Underlying data sources:
Pinsent Masons Water Yearbook (2013)
United Nations Statistics Division (2011)
OECD (2013)
FAO (2013)
National-level data gap-filled from reports and on national statistics websites
2. Weighted BCU scores based on population and area
Population data from GPW v.3 2010 future estimates, from CIESIN; area data from
TWAP River Basins and BCUs shapefile.
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Computation:

Units:

The scores for the TWAP RB Wastewater Pollution indicator were calculated following
these steps:
1. The national EPI wastewater treatment performance scores were assigned to
the corresponding BCUs of the transboundary basins (for the purposes of the
Wastewater Treatment indicator, these scores were inverted, i.e. Wastewater
pollution = (1 – wastewater treatment score)).
2. These BCU scores were multiplied by the BCU weights to give weighted BCU
scores, where the BCU weights were calculated based on the population in the
BCU relative to the basin, given that population (as opposed to area), is the
most significant driver in this dataset.
3. Weighted BCU scores were then added to provide basin scores
4. Risk categories were assigned
Unit-less
Basin and BCU results were categorized using equal quintiles with highest raw scores
representing ‘high’ risk, and vice versa – basins and BCUs with low scores representing
low risk to ecosystems and human health (thus high wastewater treatment
performance).
Results summary:
Relative risk
category
1 - Very low

Scoring system:

Range
(normalized
score)
0-0.2

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

25 (0*)

9%

98 (0*)

12%

13%

75 (0*)

10%

No. of
Basins

2 - Low

0.2-0.4

37 (1*)

3 - Moderate

0.4-0.6

19 (0*)

7%

37 (0*)

5%

4 - High

0.6-0.8

43 (0*)

15%

94 (0*)

12%

5 - Very high

0.8-1.0

160 (3*)

56%

472 (0*)

61%

* Number of basins/BCUs for which results have been calculated, but bear a lower level of scientific
confidence

All basins with least 80% of the basin population represented by the BCUs with results
were included in the assessment. This threshold was considered reasonable by the
authors, after evaluating the data. Results for the 4 basins with between 80 and 99% of
the population coverage were thus included but deemed to have a lower degree of
confidence in results. The number of these basins across risk categories is indicated by
* in the table above.
- Data are based on national-level data, where available, thus regional in-country
differences in wastewater treatment and collection might exist that have not been
accounted for (e.g. larger cities vs smaller cities, better off vs poorer regions of the
same country)
- Underlying EPI Wastewater Indicator data have been supported by gap-filling and
some assumptions (see more in Malik et al, 2015). Specific limitations relating to the
EPI Wastewater Indicator include:
Limitations:

a) reporting definitions are inconsistent across countries;
b) wastewater performance trends vary regionally, and by income;
c) for countries where national-level data not available, data have been gap-filled
based on subnational statistical reports for major cities (i.e. rural wastewater treatment
not taken into consideration, where not available), or utility-reported data;
d) in some instances data gap-filled based on peer-reviewed academic literature for
relevant wastewater treatment statistics or experts and government officials;
e) National-level data based on the most recent year available. For data with no record
of year reported, the year was estimated based on the given data source;
f) for some countries values are estimated based on available nominal descriptions

Spatial Extent:

Global

Spatial Resolution:

BCU and Basin level

Year of Publication:

2014

Time Period:

1990-2013 (national data based on the most recent year for which data is available)
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Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

Calculated based on data from EPI Wastewater indicator national scores:
Omar A. Malik, Angel Hsu, Laura A. Johnson and Alex de Sherbinin, A global
indicator of wastewater treatment to inform the Sustainable Development Goals
(SDGs), in review
01.04.2015
Microsoft Excel Worksheet
TWAP_RB_indicator_05_results.xlsx
Maija Bertule
UNEP-DHI, mabe@dhigroup.com
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Ecosystems
Wetland Disconnectivity
Title:

Wetland Disconnectivity

Indicator Number:

6

Thematic Group:

Ecosystems

Rationale:

Wetland disconnectivity is defined as the proportion of wetlands occupied by dense
cropland or urban areas, assuming that human occupancy results in severing the
natural physical and biological connections between river channels and their
floodplains. Many cases of disconnectivity feature destruction and overt draining of
wetlands to make them suitable for human use. Vast floodplain areas have been made
dysfunctional by levee construction and river channelization to protect urban areas.
Wetland disconnectivity can lead to distortion of flow patterns and the loss of local
flood protection, water storage, habitat, nutrient processing and natural water
purification.

Links :

Wetlands are an essential part of catchment hydrology. The definition of wetlands
includes rivers, lakes and near-shore marine areas, and boundaries cannot be clearcut. Hence the obvious links with the other water systems. Depending on the gradient
of the groundwater table and topography of the land surface, wetlands also perform
the important function of aquifer recharge or discharge.

Description:

Wetland disconnectivity is defined as the proportion of wetlands occupied by dense
cropland or urban areas, assuming that human occupancy results in severing the natural
physical and biological connections between river channels and their floodplains.
Charles J. Vörösmarty, Ellen M. Douglas, Pamela A. Green, and Carmen Revenga.
Geospatial Indicators of Emerging Water Stress: An Application to Africa, Ambio, 34 (3):
230-236, 2005b.

Metrics:

Lehner, B. & Döll, P. Development and validation of a global database of lakes,
reservoirs and wetlands. J. Hydrol. 296, 1–22 (2004). Data set information available at
http://www.worldwildlife. org/science/ data/GLWD _Data_Documentation.pdf; data
available at: http://www. worldwildlife. org/science/data/item1877.html
Eldridge, C. D. et al. Global distribution and density of constructed impervious surfaces.
Sensors
7,
1962–1979
(2007).
Available
at
http://www.
ngdc.noaa.gov/dmsp/download_global_isa.html
Ramankutty, N., Evan, A. T., Monfreda, C. & Foley, J. A. Farming the planet: geographic
distribution of global agricultural lands in the year 2000. Global Biogeochemical Cycles
22,
GB1003
(2008).
Data
available
at:
http://www.geog.mcgill.ca/~nramankutty/Datasets/ Datasets.html

Computation:

The indicator was computed as the Wetland Disconnectivity threat driver from
Vörösmarty et al. 2010 over the TFDD basin-country-unit (BCU) and transboundary
basin regions. Wetland areas were defined as Classes 3-10 of the Global Lakes and
Wetlands Database (Lehner & Doll 2004); lakes and reservoirs (Classes 1 and 2) were
excluded. The wetland area occupied by cropland was based on a global data set on
agricultural lands (i.e., croplands and pasture) in use around the year 2000 (Ramankutty
et al 2008); data on wetlands occupied by urban use was based on a global inventory
of the distribution and density of constructed Impervious Surface Area (Eldridge et al
2007).
Average Wetland Disconnectivity threat over the TFDD BCU and basin regions was
calculated as the area-weighted average of the grid cells within each TFDD BCU and
basin.
Winsorization (replacing extreme data values with less extreme values) was applied to
limit the weighting influence of a handful of small basins/BCUs comprised mainly of grid
cells with high wetland disconnectivity.
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Given that the data were previously normalized on a 0-1 scale, the winsorization was
applied to the count of basins falling in equally spaced bins with the top 2.5% by count
assigned as the range max value. For basin averages, the top 2.5% was applied at
values of 0.725 and greater. For BCUs the top 2.5% was applied at values of 0.825 and
greater.
To maintain the integrity of the approach, only results for basins greater than 25 000 –
30 000 km2 can be provided with a scientifically credible level of certainty and thus used
in the ranking system. Results for basins smaller than 25 000 – 30 000 km2 have been
provided with the tabular information for reference only and were not used in the
calculation of rankings.
All data were computed in 30' latitude-longitude (i.e., 0.5° degree) gridded format in
the Geographic projection over the TFDD BCU/transboundary basin regions.
Units:

See description
Due to the standardized nature of the original Vörösmarty et al. 2010 datasets, risk
categories were defined as 20% equal-interval classes with the lowest corresponding
to very low relative risk and the highest corresponding to very high relative risk
The results for the Wetland Disconnectivity indicator are summarized below:
Range
(normalized
score)
0.00 – 0.19

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

69 (29*)

34%

196 (91*)

36%

2 - Low

0.20 – 0.39

78 (25*)

38%

141 (45*)

26%

3 - Moderate

0.40 – 0.59

28 (8*)

14%

101 (36*)

19%

4 - High

0.60 – 0.79

17 (7*)

8%

56 (20*)

10%

5 - Very high

0.8 – 1.00

13 (10*)

6%

48 (23*)

9%

Relative risk
category

Scoring system:

1 - Very low

No. of
Basins

* Number of basins/BCUs for which results have been calculated, but bear a lower level of
confidence due to modelling limitations. See more in section ‘Computation’

Spatial Extent:

The lack of detailed descriptive attributes in Class 3-10 items of the GLWD, such as
names or volumes, may hamper analysis at level-2 scale; however GIS information
could be derived from data sources other than remote sensing, including Ramsar site
data in Ramsar Information Sheets (RIS) format.
Global

Spatial Resolution:

30- X 30-min Lat X Lon

Year of Publication:

2010

Time Period:

2000

Limitations:

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

16.02.2015.
Excel spreadsheet
TWAP_RB_indicator_06_results.xlsx
Charles J. Vörösmarty, Pamela Green
cvorosmarty@ccny.cuny.edu, pgreen.ccny@gmail.com
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Ecosystem Impacts from Dams

Title:

Ecosystem Impacts from Dams

Indicator Number:

7

Thematic Group:

Ecosystems

Rationale:

In addition to core geophysical and chemical indicators of water quantity and quality in
international river basins, assessment of ecosystem state is also needed to fully
evaluate basin condition. Drinking water quality, sustainable fisheries, and other basin
services depend on the collective role of a diverse flora and fauna to maintain
ecosystem function. While the aggregate impact of many stressors defines the state of
modern river basins, one factor in particular was highlighted in recent work
(Vörösmarty et al. 2010) as having a pre-eminent negative impact on aquatic biota:
human management of water systems. And, among these management systems,
impoundment and reservoir operation was emblematic of stresses on aquatic
ecosystems and resident biodiversity. The negative impacts on ecosystems of altering
waterways through river fragmentation and flow disruption by dams, water transfers
and canals must be considered for managing water resources in a sustainable way. It
is no longer acceptable to draw water from nature for use in agriculture, industry, and
everyday life without taking into account the role that ecosystems play in sustaining a
wide array of goods and services, including water supply. Very large dams account for
85 per cent of registered water storage worldwide. In order to compensate for
considering only the impacts of very large dams on river fragmentation and flow
disruption, dam density has also been factored in this indicator.

Links :

GW (reduction in mean annual discharge due to impoundments may affect the amount
of groundwater recharge), Lakes (reduction in the rate of sedimentation in lakes and
reservoirs), LMEs (reduction in the amount of nutrients that reaches marine
ecosystems).
Three sub- indicators were developed for this indicator to address the various impacts
dams can have on ecosystem:

Description:

a) River Fragmentation (sub-indicator 7a)
b) Flow Disruption (sub-indicator 7b)
c) Dam Density (sub-indicator 7c)
All data are computed in 30' latitude-longitude (i.e., 0.5° degree) gridded format in the
geographic projection over the TFDD basin-country-unit (BCU) and transboundary basin
regions.
C.J. Vorosmarty, P.B. McIntyre, M.O. Gessner, D. Dudgeon, A. Prusevich, P. Green,
S. Glidden, S.E. Bunn, C.A. Sullivan, C. Reidy Liermann, and P.M. Davies Nature
467, 555-561 (30 September 2010) doi:10.1038/nature09440

Metrics:

Lehner, B., C. Reidy Liermann, C. Revenga, C. Vörösmart, B. Fekete, P. Crouzet, P.
Döll, M. Endejan, K. Frenken, J. Magome, C. Nilsson, J.C. Robertson, R. Rodel, N.
Sindorf, and D. Wisser. 2011. High-Resolution Mapping of the World's Reservoirs and
Dams for Sustainable River-Flow Management. Frontiers in Ecology and the
Environment 9:494-502. DOI: 10.1890/100125.
ICOLD (International Commission on Large Dams). World Register of Dams. Paris,
France (1998).

Computation:

1. River Fragmentation (sub-indicator 7a):
Computed as the River Fragmentation threat driver from Vörösmarty et al. 2010 at 30minute grid cell resolution. Described as the ‘swimmable area’ between barriers that
remains accessible to aquatic species, river fragmentation is a measure of the
swimmable distance in any direction from a grid cell to the nearest barrier. The GWSPGRAND data set of geo-referenced large dams was used to define swimmable barriers.
2. Flow Disruption (sub-indicator 7b):
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Computed as the Flow Disruption threat driver from Vörösmarty et al. 2010 at 30-minute
grid cell resolution. Flow disruption was calculated as the magnitude of flow distortion
as the residence time of water in large reservoirs.
3. Dam Density (sub-indicator 7c):
Computed as the Dam Density threat driver from Vörösmarty et al. 2010 at 30-minute
grid cell resolution. Dam density represents the density and distribution of very large
and medium to large dams mapped at the global scale.

Units:

Ecosystem Impacts from Dams (Main indicator): Numerical average of the three
sub-indicators was calculated at the 30-minute grid cell level then rescaled to fit a 0-1
scale. Average Ecosystem Impacts from Dams over the TFDD BCU and basin regions
was calculated as the area-weighted average of the grid cell values within each TFDD
BCU and basin.
To maintain the integrity of the approach, only results for basins greater than 25 000 –
30 000 km2 can be provided with a scientifically credible level of certainty and thus used
in the ranking system. Results for basins smaller than 25 000 – 30 000 km2 have been
provided with the tabular information for reference only and were not used in the
calculation of rankings.
See description
Due to the standardized nature of the original Vörösmarty et al. 2010 datasets, risk
categories were defined as 20% equal-interval classes with the lowest corresponding
to very low risk and the highest corresponding to very high risk.
Table below summarizes results of the combined indicator:
Range
(normalized
score)
0.00 – 0.19

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

35 (22*)

15%

63 (44*)

11.4%

2 - Low

0.20 – 0.39

40 (25*)

17%

95 (65*)

17.2%

3 - Moderate

0.40 – 0.59

63 (26*)

26%

140 (71*)

25.5%

4 - High

0.60 – 0.79

57 (26*)

24%

152 (83*)

27.6%

0.80-1.00

43 (7*)

18%

101 (45*)

18.3%

Relative risk
category

Scoring system:

1 - Very low

5 - Very high

No. of
Basins

* Number of basins/BCUs for which results have been calculated, but bear a lower level of
confidence due to modelling limitations. See more under ‘Computation’ section.



Limitations:





The dam density map used should not be construed as the spatial distribution
of dams, because it reflects a probabilistic estimation of spatial patterns within
each country, and excludes a very large number of small dams and other
structural barriers for which global data are unavailable.
The rate of dam construction in some regions is so high that the indicator may
change faster than the ability to update the reference base.
The inclusion of additional dams for which no data are available may alter the
impact classification for a given river basin. Therefore, the indicator represents
the minimum level of impact.
Dam and reservoir operation is more-or-less unknown over the domains
analysed

Spatial Extent:

Global

Spatial Resolution:

30- X 30-min Lat X Lon

Year of Publication:

2010

Time Period:

2000
For detailed information on the threat drivers see
http://www.nature.com/nature/journal/v467/n7315/extref/nature09440-s1.pdf
16.02.2015.
Excel Spreadsheets
TWAP_RB_indicator_07_results.xlsx
TWAP_RB_indicator_07a_results.xlsx
TWAP_RB_indicator_07b_results.xlsx
TWAP_RB_indicator_07c_results.xlsx

Additional Notes:
Date:
Format:
File Name:
Contact person:

Charles J. Vörösmarty, Pamela Green
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Contact details:

cvorosmarty@ccny.cuny.edu, pgreen.ccny@gmail.com
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Threat to Fish
Title:

Threat to Fish

Indicator Number:

8

Thematic Group:

Ecosystems

Rationale:

In addition to loss of fish habitat and environmental degradation, the main factors
threatening inland fisheries are fishing pressure and non-native species. Overfishing is
a pervasive stress in rivers worldwide due to intensive, size-selective harvesting for
commerce, subsistence, and recreation (Vörösmarty, et al., 2010). More commonly,
non-native species introductions may result from species being released for hunting or
biological control as well as to form part of fish catches. Invasive alien species
threaten native species as direct predators or competitors, as vectors of disease, by
modifying the habitat, or by altering native species dynamics.

Links :

Lakes (as fish are free to move along rivers, fishing or introductions in one river basin
area can have consequences for species diversity and composition of lakes in other
basin areas). LMEs owing to anadromous fish migration.
The Threat to Fish indicator is composed of two sub-indicators:

Description:

a) Fishing Pressure (sub-indicator 8a)
b) % Non-native Fish (sub-indicator 8b)
All data were computed in 30' latitude-longitude (i.e., 0.5° degree) gridded format in
the geographic projection over the TFDD basin-country-unit (BCU) and transboundary
basin regions.
C.J. Vorosmarty, P.B. McIntyre, M.O. Gessner, D. Dudgeon, A. Prusevich, P. Green,
S. Glidden, S.E. Bunn, C.A. Sullivan, C. Reidy Liermann, and P.M. Davies Nature
467, 555-561 (30 September 2010) doi:10.1038/nature09440

Metrics:

UN Food and Agriculture Organisation’s (FAO) FishStat Plus database
(http://www.fao.org/fishery/statistics/software/fishstat/en)
LePrieur, F., Beauchard, O., Blanchet, S., Oberdorff, T. & Brosse, S. Fish invasions in
the world’s river systems: when natural processes are blurred by human activities.
PLoS Biol. 6, e28 (2008).
1. Fishing Pressure (Sub-indicator 8a):
Computed as the Fishing Pressure threat driver from Vörösmarty et al. 2010 at 30minute grid cell resolution. Fishing pressure distribution was calculated based on a
scaling relationship between country-level fish catches, net primary productivity and
discharge.
2. Number of Non-native Fish (Sub-indicator 8b):
Computed as the % Non-native Fish threat driver from Vörösmarty et al. 2010 at 30minute grid cell resolution. The number of non-native fish species in each river basin
was taken from LePrieur et al.

Computation:

Threat to Fish (Main indicator):
For the final indicator score, the numerical average of the two sub-indicators was
calculated at the 30-minute grid cell level then rescaled to fit a 0-1 scale. Average Threat
to Fish over the BCU and basin regions was calculated as the area-weighted average
of the grid cell values within each TFDD BCU and basin.
To maintain the integrity of the approach, only results for basins greater than 25 000 –
30 000 km2 can be provided with a scientifically credible level of certainty and thus used
in the ranking system. Results for basins smaller than 25 000 – 30 000 km2 have been
provided with the tabular information for reference only and were not used in the
calculation of rankings.

Units:

See description
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Due to the standardized nature of the original Vörösmarty et al. 2010 datasets, risk
categories were defined as 20% equal-interval classes with the lowest corresponding
to very low risk and the highest corresponding to very high risk.
Table below summarizes results of the combined indicator:
Range
(normalized
score)
0.00 – 0.19

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

22 (13*)

10%

69 (50*)

13%

2 - Low

0.20 – 0.39

73 (29*)

32%

185 (95*)

36%

3 - Moderate

0.40 – 0.59

82 (36*)

37%

170 (90*)

33%

4 - High

0.60 – 0.79

32 (10*)

14%

74 (31*)

14%

5 - Very high

0.80 - 1.00

15 (4*)

7%

22 (14*)

4%

Relative risk
category

Scoring system:

1 - Very low

No. of
Basins

* Number of basins/BCUs for which results have been calculated, but bear a lower level of
confidence due to modelling limitations. See more in section ‘Computation’




Limitations:



Spatial Extent:

The indicator assumes that terrestrial primary productivity either directly
supports fish production or serves as an adequate proxy for the aquatic primary
production that supports fish. A proxy is necessary owing to the lack of sufficient
observational data.
Annual catch for each grid cell has been based on estimated fish catches from
rivers. However, historic trends in fisheries statistics are normally available only
for a few well-studied rivers, and, because of the multispecies composition of
the catch in most inland water bodies, particularly in developing countries,
assessments of the condition of the resources are hard to carry out.
The negative impacts of non-native species on aquatic ecosystems are a
function of both the absolute number of non-native species and the proportion
of fauna represented by non-native species. Here, only proportion is
considered. Moreover, these data cover 1 055 basins which amount to 80% of
global land area.

Global

Spatial Resolution:
Year of Publication:

2010

Time Period:

2000
For detailed information on the threat drivers see
http://www.nature.com/nature/journal/v467/n7315/extref/nature09440-s1.pdf.
16.02.2015.
Excel Spreadsheets
TWAP_RB_indicator_08_results.xlsx
TWAP_RB_indicator_08a_results.xlsx
TWAP_RB_indicator_08b_results.xlsx
Charles J. Vörösmarty, Pamela Green
cvorosmarty@ccny.cuny.edu, pgreen.ccny@gmail.com

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:
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Extinction risk
Title:

Biodiversity and Habitat Loss – Extinction risk

Indicator Number:

9

Thematic Group:

Ecosystems
A threatened species is one that is listed under the IUCN Red List Categories as
Vulnerable, Endangered or Critically Endangered (i.e. species that are facing a high,
very high or extremely high risk of extinction in the wild). Species are included in
these categories according to a range of data regarding their abundance, populations,
ecology, and the threats they face. Increasing numbers of species assessed as
threatened or extinct represent actual or potential declines in the status of biodiversity.
Decreasing numbers of species assessed as threatened, over a suitable time period
following management interventions, is strongly indicative of successful conservation
measures.

Rationale:

The Convention on Biological Diversity (CBD) recognises that biodiversity has its own
intrinsic value and that biodiversity maintenance is essential for human life and
sustainable development through the provisioning of ecosystem goods and services.
Although this metric captures trends in one particular aspect of biodiversity (i.e. the
rate species are moving towards extinction or becoming extinct) and does not
encompass the wider spectrum of biodiversity (e.g. genes and ecosystems), losing
species through extinction, or a reduction in the viability of remaining populations, is a
particularly tangible and readily understandable component of biodiversity loss and
has clear relevance to ecosystem function.
The IUCN Red List of Threatened Species™ is widely recognized as the most
authoritative and objective system for classifying species by their risk of extinction.
The 2013 (version 2) Red List contained assessments for 71 576 species for which
spatial data exist for just over 45 000 species, including all known species of
amphibians, mammals, freshwater decapods, and birds, and for all know species of
many other taxa, such as freshwater fish, in many regions of the world.
GW: Many species of freshwater molluscs and fish are found in groundwater
hydrological systems; significant numbers of these species are assessed as
threatened on the IUCN Red List, frequently as a result of water abstraction, pollution,
and the loss or degradation of habitat. Many of these species have highly restricted
ranges therefore increasing their vulnerability to extinction.

Links :

Lakes: Freshwater lakes are key resident and migratory habitats for many freshwater
species such as fish, and bivalve molluscs that depend on migratory fish for
reproduction. Lakes, especially those with significant seasonal variations in area, are
often significant for migratory and resident birds and support important fisheries.
LMEs: Coastal and brackish ecosystems are vital to many migratory animals e.g.,
birds and diadromous fish.

Description:

The Extinction Risk indicator allows for the identification of transboundary basins with
the highest risk of species extinction. It is based on the IUCN Red List Categories and
Criteria (IUCN, 2012) for selected freshwater biodiversity taxa.
The IUCN Red List of Threatened SpeciesTM is a database that provides a measure
of the extinction risk and distribution ranges for individual species. Source: IUCN
2013. IUCN Red List of Threatened Species. Version 2013.2. <www.iucnredlist.org>.

Metrics:

HydroBASINS is a global river and lake catchment layer derived from HydroSHEDS
and the global lakes and wetlands database (GLWD) and is the spatial layer to which
all freshwater species are mapped in this analysis. Source: Lehner, B. 2012.
HydroBASINS Version 1.b. Global watershed boundaries and sub-basin delineation
derived from HydroSHEDS data at 15 second resolution.

The two main aspects reported when assessing the status of freshwater biodiversity
are vulnerability (i.e. threats to biodiversity leading to its loss) and irreplaceability (i.e.
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the uniqueness or endemism of the biodiversity within a basin) (Margules and Pressey
2000, Brooks et al. 2006).
The Extinction Risk indicator uses IUCN Red List data (threat status and distribution
maps) only for freshwater species from taxonomic groups for which all described
species have had their extinction risk assessed in a basin to avoid any bias in the
results. Some taxonomic groups (mammals, birds, amphibians, crabs, crayfish and
shrimps) have been globally assessed and are therefore included in development of
the indicator for all TWAP RB basins. Other groups (fish, molluscs, dragonflies and
damselflies, and selected aquatic plant families) have, however, so far only been
comprehensively assessed for Africa, Europe, several Biodiversity Hotspots (IndoBurma, Western Ghats, Mediterranean Basin and the Eastern Himalaya), the Arabian
Peninsula and New Zealand, and are therefore only included in the indicator
development for the TWAP RB basins in these regions. Addition of these taxonomic
groups increases the taxonomic breath of coverage and so provides a greater degree
of confidence in the results for these regions. These additional taxonomic groups are
highly speciose, represent a range of trophic levels and play important roles in
supporting ecosystem functioning (and services) of freshwater systems.
Assessments are also underway for the Tropical Andes Hotspot and Canada such that
the resulting data sets might also be incorporated to further improve the confidence of
the indicators developed for these regions. All freshwater fish of the United States
have been assessed. The IUCN Global Species Programme’s Freshwater Biodiversity
Unit (www.iucn.org/species/freshwater) is currently soliciting for funds to complete the
assessments of these additional groups across all remaining regions.
Indicator results computation was undertaken in following steps:
Step 1. Extinction Risk calculations.
The extinction risk for each species on the IUCN Red List has been assessed
according to the IUCN Red List Categories and Criteria (IUCN 2012). Information
collated on each species includes taxonomy, distribution, abundance, population
trends, threats, habitat preferences, basic ecology, and current and recommended
conservation actions. The IUCN Red List Categories are: Extinct (EX), Extinct in the
Wild (EW), Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near
Threatened (NT), Least Concern (LC) and Data Deficient (DD). All species tagged as
‘freshwater’ in the ‘System’ field on the IUCN Red List are included in the analysis.

Computation:

Step 2. Collation of species distribution data.
IUCN Red List species distribution maps (based on species presence within individual
HydroBASINS) were collated for the above-mentioned taxonomic groups. Species
distribution catchment records coded as ‘Presence’ 1 (Extant), 2 (Probably Extant), 4
(Possibly Extinct), and 5 (Extinct) were included in the analyses. Map records coded
as ‘Possibly Present’ and ‘Presence Uncertain’ were excluded from the analysis.
Species catchment records marked as ‘Origin’ 1 (Native) and 2 (Reintroduced) were
included. Records marked as 3 (Introduced), 4 (Vagrant) or 5 (Origin Uncertain) were
also excluded. Datasets compiled prior to September 2012 employed different geospatial frameworks including: Hydro1k, HydroSHEDS, and non-catchment-based
polygons. Maps based on these earlier spatial frameworks were subsequently
migrated to a standard spatial layer for the TWAP indicator analysis called
HydroBASINS at Level 8. Species distributions were migrated using a combination of
R scripts (R Development Core team 2010), ArcGIS 10.1 and Geospatial Modelling
Environment v 0.7.2.1 (Beyer 2009-2012). Following migration of maps to
HydroBASINS, they were checked against original maps for range boundary and
attribute consistency, resolution of partial duplicate conflicts (i.e. conflicting attribute
values assigned to the same catchment), removal of duplicate records and species
names spelling consistency. Where a given species appeared in multiple regional
datasets the distribution was combined into a single global distribution and the most
recent data were used for any overlapping segments. Species mapped after
September 2012 have been mapped directly to the HydroBASINS layer, at either Level
8 or Level 10.
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Step 3. Identification of species presence in TWAP basins and BCUs.
A spatial layer with matching extent to the BCU layer was produced for both
HydroBASIN Level 8 and Level 10 sub-catchments. The HydroBASIN layers were then
intersected with the BCU layer to obtain HYBAS_ID, BCCODE pairs to indicate which
HYBAS_ID overlapped with each BCCODE. All species mapped to a HYBAS_ID could
then be mapped to the corresponding BCCODE (and subsequently aggregated to the
corresponding BCODE). Any intersections with areas smaller than the smallest level
10 HydroBASIN were omitted as a rule as in reality they tended to be shared borders
rather than area overlap.
Step 4. Calculation of % threatened species per basin and BCU.
The percentage of threatened species (CR, EN and VU Categories) for each basin
and BCU was calculated as a mid-point (MID) estimate, i.e. we assumed the DD
species (those species for which insufficient information was available to assess a
level of extinction risk) are threatened in the same proportion as the species for which
there are sufficient data, as follows:
% threat = (CR + EN + VU) / (total assessed - EX - EW - DD).
The taxonomic groups included in the calculation of % threatened species for the
basins and BCUs in Africa, Europe and south Asia (Eastern Himalaya and IndoBurma) were freshwater mammals, amphibians, birds, crabs, crayfish, shrimps, fish,
molluscs, dragonflies and damselflies, and aquatic plants. For the other regions of the
world with less complete Red List assessments the indicator calculations was based
on freshwater mammals, amphibians, birds, crabs, crayfish, and shrimps only.
A Kendal Correlation test was undertaken to see if there were any significant
similarities between the % threat per basin between taxon groups. We found that there
was no significant positive correlation at the basin level for the level of threat between
any of the taxon groups (see table 1). However, two groups showed relatively high
levels of (negative) correlation, birds-crayfish and crayfish-shrimps. This finding
confirms the importance on broadening the taxonomic scope of the indicator through
inclusion of the ‘additional’ groups (fish, molluscs, dragonflies and damselflies, aquatic
plants) as no one group will accurately reflect (i.e. be a surrogate for) the status of
another. Broadening the taxonomic breadth of the indicator through incorporation of
the additional groups increases confidence in the result.
Table 1. Kendal Correlations for % threat per basin between taxon groups.
Amph

Birds

Crabs

Crayf

Mamm

Shrimps

Fish

Moll

Odon

Amphibians

1.000

Birds

-0.016

1.000

Crabs

0.336

-0.065

1.000

crayfish

0.271

-0.586

NA

1.000

Mammals

0.226

0.040

0.312

-0.178

1.000

Shrimps

0.169

0.355

0.069

-0.771

-0.025

1.000

Fish

0.156

0.167

0.136

-0.132

-0.040

0.219

1.000

Molluscs

0.013

0.242

0.055

0.166

-0.175

0.272

0.322

1.000

Odonata

0.374

0.086

0.387

-0.037

0.219

0.034

0.167

0.124

1.000

Plants

0.190

0.096

-0.004

0.002

0.059

0.102

0.133

0.117

0.136

Step 5. Calculate proportion of species endemism per basin and BCU.
All species occurring outside the extent of the BCU were excluded as none could be
considered endemic to any single BCCODE or BCODE. The number of BCCODEs
occupied by each of the remaining species was calculated and those restricted to
single BCCODEs were marked as endemic. The results were then aggregated to test
for cumulative levels of endemism at the BCCODE level.
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Plants

1.000

The proportion of endemic species in each basin and BCU was then calculated. The
taxonomic groups included in calculation of the endemism scores for the basins and
BCUs in Africa, Europe and south Asia (Eastern Himalaya and Indo-Burma) were the
mammals, amphibians, birds, crabs, crayfish, shrimps, fish, molluscs, dragonflies and
damselflies, and aquatic plants. The groups included for the rest of the world were
mammals, amphibians, birds, crabs, crayfish, and shrimps. The percent of the species
that are endemic to each basin and CBU, was then normalized to a 0-1 scale (using
the ‘(value - min)/(max-min)‘ formula).
Step 6 Calculation of river length per basin and BCU.
An intersect of rivers (U.S. Geological Survey, Digital Charts of the World) with the
BCU layer was undertaken to create a river layer for just the TWAP basins. This river
layer was then projected to the World Equidistant Cylindrical projection so that each
river segment length could be measured (in km) using the ESRI GIS calculate
geometry function. A spatial join was then used to join the BCU polygons to the rivers
lines layer using JOIN_ONE_TO_ONE, and the river length field was summed for
each BCU polygon using the Merge Rule > SUM. The river length was then scaled up
for the basin level. The river length (in km) for each basin and CBU was normalized to
a 0-1 scale (using the ‘(value - min)/(max-min)‘ formula).
Step 7 Application of weighting to the % threatened species score.
Weighting of the percent threatened species score was undertaken by first multiplying
the river length normalized score by 0.5, so greater importance was given to
endemism as it represents one of the two principles of conservation planning
(irreplaceability). Then an average of the two normalized scores (river length and
endemism) was taken and multiplied against the threatened species score (using the
‘(% threatened species score) x (1 + average weighting score)’ formula).

Units:

Step 8 Assignment of final Risk Categories.
Scores were placed into risk categories from 1 - 5, where 1 represents very low 'risk'
and 5 very high 'risk' (see below).
Proportion of threatened species relative to non-threatened species weighted by
percentage endemic species and river length in km.
To present the results, the scores were placed into categories (based on the
normalized scores) from 1 - 5, where 1 represents very low extinction risk and 5 very
high extinction risk. The thresholds were based on a compromise between the ‘natural
breaks’ in the results from the river basins and results from the BCU’s (using Jenks
approach). Standardizing the thresholds between basin and BCU results allows for
easier comparison between the two scales.
Overview of results can be seen below:

Scoring system:

Range

No. of
Basins

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

0 - 0,09

73 (42*)

26%

140 (30*)

18%

2 - Low

0,1 – 0,19

106 (34*)

38%

278 (26*)

35%

3 - Moderate

0,2 – 0,39

88 (51*)

31%

290 (133*)

37%

4 - High

0,4 – 0,69

12 (7*)

4%

70 (42*)

9%

0,7 - 1

3 (1*)

1%

7 (4*)

1%

Relative risk
category
1 - Very low

5 - Very high

* Number of basins/BCUs for which results have been calculated, but bear a lower level of
confidence due to computation limitations. See more in section ‘Limitations’

Limitations:

The major limitation to this indicator is reduced confidence in the results for the 47% of
basins where only the globally-assessed groups are used. The only way to improve
this is to undertake IUCN Red List assessments for the fish, molluscs, dragonflies and
damselflies and aquatic plants globally so that these highly speciose groups that are
important for ecosystem functioning and services can be used to inform conservation
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and development planning. The IUCN Global Species Programme is currently trying to
fund projects to fill these taxonomic data gaps.
The river length weighting score incorporates a bias towards the temperate regions, as
two basins with equal river length one temperate and one tropical would have the
same weighting, but in reality the tropical basin would contain more species. This bias
could be reduced in the future by incorporating a latitudinal weighting to the river
length score, or river discharge/ or water volume data could be used as a surrogate for
species richness. Ideally if all the taxonomic groups were assessed globally (see
above point) then no surrogate for species richness would be needed.
Some of the very smallest basins (4) and BCUs (11) have no data for the Extinction
Risk indicator as the IUCN Red List species data is mapped to a larger resolution of
basin than the basin/BCU so that species data were not associated with these
basins/BCUs during the automated overlap analysis in GIS.
Spatial Extent:

Global
All analyses were based on species distributions held in level 08 HydroBASINS, and
resolution is defined by the size of the individual level 08 HydroBASINS that comprise
individual species distributions. Level 08 HydroBASINS range in area from 0.001 km2
to 374 357 km2, with a mean area of 571 km2.

Spatial Resolution:

Year of Publication:
Time Period:

Additional Notes:

Original species distributions where produced in a variety of formats. (i) Molluscs, fish,
odonata, shrimps, crabs and Aquatic Plants were mapped to level 08 HydroBASINS.
(ii) Other species groups (Birds, Mammals, Crayfish, and Reptiles) were originally
mapped as irregular polygons and subsequently migrated to the relevant overlapping
level 08 HydroBASINS.
Global Red List data are available on the IUCN Red List website (www.iucnredlist.org)
and this database is updated annually. The Red List data and maps used in this
analysis were as downloaded from the IUCN Red List Version 2.
2003 (est.) - 2013
The Red List Index or RLI (Butchart et al. 2004; 2007) was originally proposed as the
metric for biodiversity loss in the Methodology for the Assessment of Transboundary
River Basins (UNEP-DHI, 2011). The RLI is based on the number of species moving
between Red List Categories in repeated assessments over time where the change in
Category is considered a result of a genuine improvement/deterioration in status (i.e.
Category changes owing to revised taxonomy or improved knowledge are excluded).
An RLI value of 1.0 equates to all species being categorised as Least Concern, and
hence that none are expected to go extinct in the near future. An RLI value of zero
indicates that all species have gone extinct. The index shows how the value of the RLI
changes over time as species are re-assessed. Additional information on application of
the RLI can be found here. Such a metric as the RLI has further potential to illustrate
the effectiveness of national, regional and global measures designed to conserve
biological diversity and ensure that its use is sustainable, including the measures
implemented in fulfilment of obligations accepted under the CBD and under the
Millennium Development Goals (UNDESA 2007). In addition, the IUCN’s Red List
Index is being considered for adoption as biodiversity indicator under the proposed
Sustainable Development Goal 9, targets a and b.
Given the relatively low temporal resolution of the RLI, with updates every 4-5 years as
possible, it is not able to detect rapid changes in biodiversity status and is also
relatively insensitive to the slow deterioration of common species as a result of general
environmental degradation. The RLI is nevertheless the most widely-accepted
indicator for temporal change in the global status of biodiversity.
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Governance
Legal Framework
Title:
Indicator
Number:
Thematic
Group:

Rationale:

Links :

Description:

Legal Framework
10
Governance
This indicator is based on the assumption that the governance of a transboundary basin is
guided by (among other things) the legal agreements in place and that they provide a
framework for the allocation of resources for different uses between States. Principles of
international water law have been defined to guide dialogue between riparians for creating
effective transboundary water resource management. This assessment maps the presence of
widely recognized key international legal principles in transboundary treaties of which
countries (i.e. the respective Basin Country Units) are part, to determine the extent to which
the legal framework of the basin is guided by these principles.
By focusing on the transboundary legal framework, this indicator complements the Enabling
environment (11) indicator (which considers the development of the ‘enabling environment’ for
water resource management in each riparian country, based on a broad spectrum of issues
including the policy, planning and legal frameworks, governance and institutional frameworks,
and management instruments) and the Hydropolitical Tension indicator (12) (which focuses on
governance at the transboundary scale, mapping the existence of resolution mechanisms in
transboundary treaties and mapping it against the hydrological variability of the basin).
GW (indication of the likelihood of sustainable abstraction levels from aquifers), Lakes (results
likely to be similar for lakes overlapping with transboundary river basins), LMEs (may be
overlap of jurisdictions between river basins and LMEs)
The overall aim of this indicator is to assess the degree of correspondence/alignment of
existing international freshwater treaties (in each basin) with key legal principles of
international water law. i.e. principle of equitable and reasonable utilization, principle of not
causing significant harm, principle of environmental protection, principle of cooperation and
information exchange, principle of notification, consultation or negotiation, principle of
consultation and peaceful settlement of disputes (ILC, 1996; ILC, 2004; McCaffrey, 2003)1.
These principles represent important customary and general principles of international law
applicable to transboundary water resource management that are accepted globally and
incorporated in modern international conventions, agreements and treaties, including the
Convention on the Protection and Use of Transboundary Watercourses and International
Lakes (hereinafter referred to as the UNECE Water Convention) and the United Nations
Convention on the Law of Non-Navigational Uses of International Watercourses (hereinafter

1

ILC. 1996. The Helsinki Rules on the Uses of the Waters of International Rivers. Report of the Committee on the
Uses of the Waters of International Rivers. 52nd Committee of the International Law Association.;
ILC, 2004. The Berlin Rules on Water Resources. Berlin Conference – International Water Law.;
McCaffrey, 2003. The Law of International Watercourses. Oxford University Press (April 10, 2003).
Consideration of environmental protection is not always listed as a key principle of international water law, but is
included in both the Helsinki Rules on the Uses of the Waters of International Rivers (ILA, 1996) and the Berlin
Rules on Water Resources (ILA, 2004) and has since become part of customary international water law. After
consultations held at the UNECE 2nd Workshop “River basin commissions and other joint bodies for
transboundary water cooperation: technical aspects” (May 2014) it was determined that environmental protection
represents an important stand-alone principle and that it should be considered in this assessment.
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referred to as the UN WC Convention)2 3. Since the UNECE Water Convention and the UN
WC Convention incorporate all the above-mentioned principles and are both global in scope4,
the countries’ ratification of these two Global Water Conventions have also been taken into
consideration as part of this assessment.
Data on the existence of key legal principles were drawn from the International Freshwater
Treaties Database which is part of the Transboundary Freshwater Dispute Database (TFDD)
at Oregon State University (hereinafter referred to as the “TFDD treaty database”). The TFDD
treaty database includes information on a total of 686 international freshwater treaties and
represents the most comprehensive and updated data source of transboundary freshwater
treaties worldwide. The agreements in the data base relate to international freshwater
resources, where the concern is water as a scarce or consumable resource, a quantity to be
managed, or an ecosystem to be improved or maintained. Documents concerning navigation
rights and tariffs, division of fishing rights, and delineation of rivers as borders or other
territorial concerns are not included, unless freshwater as a resource is also mentioned in the
document, or physical changes are being made that may impact the hydrology of the river
system (e.g., dredging of river beds to improve navigation, straightening of a river's course). In
large part, the documents in the database concern: water rights, water allocation, water
pollution, principles for equitably addressing water needs, hydropower/reservoir/flood control
development, and environmental issues and the rights of riverine ecological systems.

Metrics:

Out of the 686 listed international freshwater treaties, 481 were assessed. The remaining
treaties were considered and deemed not relevant for this assessment (more detailed
information on this can be found under “interpretation of the information in the TFDD treaty
database” below). Information on the presence of all identified key principles was readily
available in the TFDD treaty database with the exception of the “no harm principle”. This
principle was therefore defined (for more information, see “defining the no harm principle”
below) and all relevant treaties in the database (where the treaty text could be accessed) were
assessed to determine its presence.
Following resources have been used to define and select the key legal principles of
international water law listed above:
- Rieu-Clarke 2004. A Fresh Approach to International Law in the Field of Sustainable
Development –What Lessons from the Law of International Watercourses5. Convention
on the Law of the Non-navigational Uses of International Watercourses6.
- Berlin Rules: International Law Association Berlin Conference (2004) Water Resources
Law 7
- 1966 International Law Association Helsinki Rule on the Uses of the Waters of
International Rivers8

2 Convention

on the Protection and Use of Transboundary Watercourses and International Lakes, 17 Mar. 1992
(in force 6 Oct. 1996), reprinted in 31 I.L.M. 1312 (1992) (“ECE Convention”).

3

United Nations Convention on the Law of Non-Navigational Uses of International Watercourses, UN Doc.
A/51/869, 21 May 1997, reprinted in 36 Int’l Legal Mat’ls 700.

4

The amendment to the UNECE Water Convention allowing membership from non-UNECE member states has
entered into force, but will only become operational once it has been ratified by Ukraine, Belgium
and Kazakhstan - this is expected to happen within the next few months.
5 Rieu-Clarke A. 2004 A Fresh Approach to International Law in the Field of Sustainable Development –What
Lessons from the Law of International Watercourses. Available at
http://discovery.dundee.ac.uk/portal/en/theses/a-fresh-approach-to-international-law-in-the-field-ofsustainable-development(9d84d8f5-7439-4ed9-9b18-f86bc9f3e95c).html, last accessed 20140613
6 Supra note 2
7 International Law Association Berlin Conference (2004) Water Resources Law, available at
http://internationalwaterlaw.org/documents/intldocs/ILA_Berlin_Rules-2004.pdf, last accessed
20140613
8 Helsinki Rules on the Uses of the Waters of International Rivers, adopted by the ILA at the 52nd Conference,
Helsinki, Finland, Aug. 1966, available at:
http://www.internationalwaterlaw.org/documents/intldocs/helsinki_rules.html, last accessed
20140613
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-

1992 Convention on the protection and use of transboundary watercourses and
international lakes9
Expert advice, from Dr. Alistair Rieu Clark, Reader in International Law at the UNESCO
Center for Water Law and Policy10

The calculation of the basin scores were undertaken in two steps, after which results were
categorized.
Step 1:
 A BCU receives a score of one for each of the key principles of international water law
that are present in any of the transboundary freshwater treaties it has signed. The
maximum score per BCU per principle is one, even if several treaties contain the
principle in question.
 A value of 0 indicates that the presence of the principle in question in any treaty signed
by the BCU could not be verified through the data available for this assessment.
 Each BCU that has signed either of the key global water conventions (UN WC
Convention or the UNECE Water Convention) receives a score of one
Overview: Calculation of the BCU treaty score (for each BCU)
BCU (basin country unit) assessment criteria

Possible
value

At least one treaty covering principle of equitable and reasonable utilization
At least one treaty covering obligation not to cause significant harm
At least one treaty covering the principle on environmental protection

0/1
0/1
0/1

At least one treaty covering the principle on cooperation and information exchange 0/1
At least one treaty covering the principle on notification, consultation or negotiation 0/1
At least one treaty covering consultation and peaceful settlement of disputes
0/1
BCU has ratified UN WC Convention and/or UNECE Water Convention
0/1
Computation:

BCU treaty score

0 to 7

STEP 2:
To calculate a basin legal framework score the follow steps has been taken:


The above BCU score is weighted based on an average of the relative area and
population in the BCU compared to the basin.
 Each weighted BCU score is summed to a basin treaty score between 1-7. The basin
treaty scores have been calculated according to the table below.
Calculation of the basin treaty score (for each basin)

BCUs in
Basin
BCU1

BCU treaty score (from
above)
0 to 7

BCU weight
up to 1

BCU2

0 to 7

up to 1

BCU3

0 to 7

up to 1

BCU4

0 to 7

up to 1
Sum of all BCU
weights in Basin = 1

Interpretation of the information in the “TFDD treaty database”:
9

Supra note 2

10

http://www.dundee.ac.uk/water/staff/staff/alistairrieu-clarke/

45

Weighted BCU score
BCU treaty score *
BCU relative importance =
weighted BCU score

Basin treaty score =
Sum of all weighted BCU
scores (0 to 7)

This assessment relies on the availability of information on treaties in the TFDD treaty database
11
, including its indication on the presence of five out of six key principles indicated above.
Treaties falling under types 4, 5, 6, 7, 8, 10 and 11 in column G (Type) of the TFDD treaty
database have been included in this assessment, while treaties following under categories 1, 2,
3 and 9 (for description of types, see footnote12) have been excluded as they were not deemed
relevant in relation to the legal framework of basins.
For the five principles where the TFDD treaty database provides a value, the resulting score of
this assessment was determined as follows:
Equitable and
reasonable
utilization

Environmental
protection

Principle of
cooperation
and
information
exchange

TFDD
column

AP (equity or
sustainability)

V
(environment)

Score13

TFDD
Y
N,N.A

TFD
D
1
-1

BY
(information
exchange)
TFDD Result
Y
1
N,N.A 0

Result
1
0

Result
1
0

Principle of
notification,
consultation
or
negotiation,
consultation
W (prior
notification)

Peaceful
settlement of
disputes

TFD
D
2,3,
4
0, 1

TFDD
1,2,3,4,
5
0,-1

Result
1
0

Z (conflict
resolution)
Result
1
0

Defining the “no harm principle”
Information on the presence of the “obligation not to cause significant harm” was not available
in the TFDD treaty database and had to be assessed separately. The principle was defined to
facilitate consistent assessment over its presence or non-presence in transboundary freshwater
treaties. The definition used was:
“The obligation not to cause significant harm also forms part of the theory of limited territorial
sovereignty and with this principle no state in an international drainage basin is allowed to use
the watercourses in their territory in a way that would cause significant harm to other basin
states or their environment. Some treaties link the no significant harm rule to equitable and

11

File used: Treaty_Database_Final_07-23-09_for SIWI.xls and Treaty Database Design (with Descriptions)_:for
SIWI.doc
12

1 – Not a treaty: The document is not a treaty signed by the respective parties

2 - Semi-international treaty: The treaty has not been concluded between sovereign states, for example an agreement
between one state and an international organization or an agreement between a provincial government and a state.
3 – Does not fit TFDD inclusion criteria: the treaty does not deal with water as a consumable resource
4 - Primary Agreement: The first water treaty signed between the parties about a particular issue area.
5 - Replacement of a Primary Agreement: Replaces a previously signed water agreement on the same issue area.
6 - Amendment to a Primary Agreement: Amends parts of a previously signed water agreement on the same issue area
7 - Protocol to a primary agreement: A treaty adding further aspects to an already signed water treaty and potentially
modifying parts of the original treaty
8 - Financial agreement related to international waters: A treaty dealing exclusively with the financing of particular aspects
related to water management, not with water itself (and thus not part of core TFDD collection)
9 – Missing
10 – Available but not translated to English
11 – Available but not coded

46

reasonable utilization in the sense that some significant harm may be permitted if it is deemed
equitable and reasonable. In this assessment the this would include:


When a treaty specifically refers to no transboundary harm, i.e. a parties responsibility
not to cause harm/damage/cause negative effects on the other parties.
 No harm could both refer to impacts of activities in a broader sense or to impacts of
specific activities (as in the context of issue-specific treaties/agreements)
 Any reference to no (zero) harm as well as no significant harm”
All treaties of types 4, 5, 6, 7, 8, 10 and 11 listed in the TFDD treaty database (where the
treaty text could be accessed14) were assessed to determine its presence. Interpreting
International water law can however be difficult and for this exercise, with the number of
treaties, it was not possible to do a full legal analysis of cases where it was uncertain if a
treaty really included the “obligation not to cause significant harm” even using the abovementioned definition. International lawyers were consulted for guidance in such cases. If a
treaty’s consideration to the “obligation not to cause significant harm” still remained uncertain
after this process, a decision was taken to consider the principle as included in that treaty
rather than not included.
Units:

Unit-less
A relative risk category score was developed with scores between 1 and 5, where 1 indicates a
high presence of key principles of international water law in the legal framework of the basin
(very low relative risk) and 5 a low presence of key principles (very high relative risk). The legal
framework would include the existing basin treaties and the basin countries’ ratification or
signing of the global water conventions (UN WC and/or UNECE Water Convention).The
interpretation of the relative risk categories for this indicator is the following:
Relative Risk Category 1: Practically all assessed international principles are present in the
existing basin treaties and the majority of basin countries have ratified or signed the UNWC
Convention and/or the UNECE Water Convention. The basin legal framework is guided by key
principles of international water law to a very strong degree.
Relative Risk Category 2: The majority of the assessed international principles are present in
the legal framework of the basin. The basin legal framework is guided by key principles of
international water law to a strong degree.

Risk
categorization

Relative Risk Category 3: Some of the assessed international principles are present in the
legal framework of the basin. The basin legal framework is guided by key principles of
international water law to a medium degree.
Relative Risk Category 4: A limited number of the assessed international principles are present
in the legal framework of the basin. The basin legal framework is guided by key principles of
international water law to a limited degree.
Relative Risk Category 5: Practically none of the principles are present in the legal framework
of the basin. The basin legal framework in the basin is not guided by key principles of
international water law.
Given that this is the first time such an assessment has been undertaken at the global level, the
category ranges are determined to suit the particular needs of this assessment. They are
defined in such a way as to highlight those basins where practically all or practically none of the
principles are present in the legal framework (through defining very narrow ranges for the
categories 1 and 5) and with a fairly even distribution between the low, moderate and high
ranges.
Table below summaries the results of the Legal framework indicator assessment:

14

85 out of 481 treaties could not be found, hence generating some uncertainty for the lower categories (4 & 5),
see “Limitations”.
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Range (original
score)

No. of
Basins

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

6.8 - 7

8 (0*)

3%

42 (0*)

5%

2 - Low

4.5 – 6.79

51 (3*)

18%

160 (0*)

20%

3 - Moderate

2.5 – 4.49

56 (3*)

20%

144 (7*)

18%

4 - High

0.2 – 2.49

63 (1*)

22%

125 (4*)

16%

0 – 0.19

108 (2*)

37%

321 (1*)

41%

Relative risk
category
1 - Very low

5 - Very high

* Number of basins/BCUs for which results have been calculated, but have a lower level of
confidence due to data limitations (See more in Limitations section).
 The assessment does not measure performance of the cooperation in a certain basin,
the implementation of the treaties or the application of the principles in question, it only
provides an assessment of the legal governance framework in place.
 The method is designed mainly to compare the legal framework in place at the basin
level, while still recognizing the value of any ratification of the two global water
conventions by riparian states. As a result, “basin treaties” are of higher relative
importance to the final BCU or basin score (generating a score between 0-6 depending
on how many key principles are included in such treaties) than the countries’ ratification
of the two global conventions (generating a maximum score of 1). This needs to be
considered when interpreting the results.
 The assessment relies to a large extent on the information in the TFDD treaty database.
The TFDD treaty database is considered the most comprehensive existing global data
source for transboundary freshwater agreements. However, it has been outside the
scope of this assessment to verify the extent of comprehensiveness or correctness of
the TFDD treaty database. It is acknowledged that relevant treaties, or principles within
treaties, may exist that have been overlooked by this assessment. As an example, the
TFDD treaty database was last updated in 2009 so the assessment does not take into
consideration treaties that may have been signed in recent years.

Limitations

 A score 0 in the methodology indicates that the principle could not be verified, in some
cases because of lack of information. Thus the degree of confidence for the “lower”
ratings (relative risk categories 4-5) can be seen as slightly lower than that of the
“higher” ratings (relative risk categories 1-3)
 The method does not take into account the jurisdiction and scope of the agreement. The
method does however weigh the relative importance of a treaty based on each of the
signatories’ significance to the basin. Some treaties incorporating key principles may
concern only a limited technical scope, such as the construction of a dam or similar,
and not the entirety of cooperation in that basin. The method does not factor in such
limited “technical scope” – such treaties are dealt with in the same way as more
“overarching” treaties. Treaties of limited technical scope are however often only signed
by a few countries and not by all countries in a basin.
 The method does not take into consideration whether the principles above have been
covered by the BCUs’ ratification of the same or of several different treaties (same
score for one or several treaties). An assessment focusing primarily on the “main basin
treaties” and excluding treaties of limited “technical scope” may paint a slightly different
picture.
 Taking the above limitations into consideration, this assessment provides a good
overview and possible comparison on a broader scale between regions and basins with
regard to the legal framework in place. However, the information generated should not
be interpreted in “absolute terms” with regard to specific BCUs or basins.
Potential for future development
 A repeated assessment should cover agreements signed after 2007.
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 The results from this indicator should be read together with the results from the two other
indicators on enabling environment and hydropolitical tension in order to provide a
more comprehensive picture of the risks associated with governance in basins.
 This indicator has considered all relevant treaties, also those of limited technical scope.
Even though this could be seen as providing a more comprehensive view of the legal
frameworks in place, an assessment focusing primarily on the “main basin treaties”
may paint a slightly different picture.
 A repeated assessment could be combined with a thorough and extended analysis of the
legal framework in place for selected basins in the different categories. Such an indepth analysis should also include consideration of implementation/compliance and
effectiveness of the legal framework.
Spatial Extent:
Spatial
Resolution:
Year of
Publication:
Time Period:

Global
BCUs and basins
2015
-

Additional
Notes:
Date:
Format:
File Name:
Contact
persons:
Contact
details:

16.02.2015
Excel sheet
TWAP_RB_indicator_10_results.xlsx
Anna Forslund, Birgitta Liss Lymer
Anna.Forslund@siwi.org; Birgitta.Liss.Lymer@siwi.org
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Hydropolitical Tension
Title:
Indicator Number:
Thematic Group:

Rationale:

Links :

Description:

Metrics:

Hydropolitical Tension: Risk of Potential Hydropolitical Tensions due to Basin
Development in the Absence of Adequate Institutional Capacity
11
Governance
Formal management institutions governing transboundary river basins, in the form of
international water treaties (including specific provisions such as water allocation, conflict
resolution, and variability management) and river basin organizations, can be particularly
instrumental in managing disputes between fellow riparians arising from the development
of new water infrastructure. This Indicator maps risk of potential hydropolitical tension
that exists when basins may be ill-equipped to deal with transboundary disputes
associated with the development of new water infrastructure. The results of this indicator
are based on the estimation of institutional vulnerability (expressed by the absence of
relevant treaty provisions and river basin organizations), which is juxtaposed with the
respective basin’s ongoing and planned development of water infrastructure.
GW (indication of the level of formal transboundary cooperation in aquifers overlapping
within transboundary basins), Lakes (results likely to be similar for lakes overlapping with
transboundary river basins)
Combination of institutional vulnerability level, based on formal institutional capacity, and
hazard level, calculated based on the development of on-going and planned water
infrastructure.
 Categorization of international water treaties – 2010 data calculated by Oregon State
University (De Stefano, et al., 2012; Giordano et al., 2013). Based on 796 basincountry units from 286 transboundary river basins.
 Data on existence of river basin organization (RBO) in basins – data hosted by Oregon
State University (Schmeier, no date).
 Data on new water infrastructure in basins, whose construction is ongoing or planned.
Data source: Petersen-Perlman (2014), based on the United Nations Framework
Convention on Climate Change’s Clean Development Mechanism projects
(http://cdm.unfccc.int), International Rivers Network, and other organizations’ websites
known to fund or catalogue dam and water diversion construction (e.g., World Bank)
 Weighting of Basin-Country Unit (BCU) values based on share of BCU population in
basin.
Population
values
are
taken
from
GPW
v.3,
2010
projection
http://sedac.ciesin.columbia.edu/data/set/gpw-v3-population-densityfuture-estimates (CIESIN, 2005).
 Weighting of BCU scores based on area – the share of BCU area in relation to basin
area.
The computation of Hydropolitical Tension indicator scores required following steps of
computation at a BCU level:
1.

Computation:

Calculation of the institutional resilience score, which expresses the capacity of each
BCU to deal with tensions associated with new dam and water diversion development,
by recording five components of formal transboundary cooperation (Table 1). These
components are then combined to create the treaty-RBO score. One point is given to
a BCU for each treaty and RBO component present in that BCU, resulting in a treatyRBO resilience score ranging from zero to five. The definitions and data for this step
of the computation were obtained from De Stefano et al. (2012) and complemented by
data on the existence of additional conflict resolution mechanisms embedded in
international RBOs using data from OSU (Schmeier, no date).
Treaty-RBO component
At least one water treaty. A treaty is meant as a formal agreement
between sovereign nation-states substantively referring to water as
a scarce or consumable resource, a quantity to be managed, or an
ecosystem to be improved or maintained (Hamner & Wolf, 1998).
Geographic scope must be specific enough to identify that, at
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Possible
value
0/1

minimum, the treaty applies to all waters shared between
signatories
At least one treaty with an allocation mechanism, for allocating
water for water quantity and/or hydropower uses
At least one treaty with a flow variability management
mechanism, for facing flood and/or drought events or other specific
variation in flow
At least one treaty with a conflict resolution mechanism¸ i.e.
mechanisms specified to address disagreements between the
signatories, including arbitration, diplomatic channels, a
commission, third-party involvement, and/or a permanent judicial
organ

0/1
0/1

0/1

0/1
At least one river basin organization, meant as a bilateral or
multilateral body of officials representing participating
governments in dialogue about coordinated management of
international water bodies.
Total possible value for a basin-country unit
Table 1
2.

The BCU score obtained in step 1 was then grouped into three institutional vulnerability
levels for each BCU, with ‘low’ representing a treaty-RBO score of four or five,
‘medium’ representing a score of two or three, and ‘high’ representing a score of zero
or one (Table 2).
Treaty-RBO value
4, 5
2, 3
0, 1

3.

0 to 5

Vulnerability score
1 – LOW V
2 – MED V
3 – HIGH V
Table 2

The estimate of potential tension due to new water infrastructure development was
calculated by gathering information regarding dams (exceeding 10 MW in capacity)
and diversion projects diverting quantities greater than 100 000 m3 that are planned,
proposed, or under construction. A number of sources were used to build the dataset:
the United Nations Framework Convention on Climate Change’s Clean Development
Mechanism (http://cdm.unfccc.int), International Rivers Network, the International
Commission on Large Dams (ICOLD), and other organizations’ websites known to
fund infrastructure construction (e.g., World Bank). The analysis also considered that
new dams or diversions may bring impacts to BCUs located downstream of that
infrastructure. For dams constructed on a river segment that serves as the border
between riparian countries, both BCUs received a score indicating the presence of a
dam. Ultimately, the BCUs were labeled high hazard if there is a presence or they are
downstream of a presence of a water infrastructure development project, and low
hazard if there is no presence of such developments (Table 3).
Water Developments (Large Dam
Score ("hazard")
and Water Diversion Projects)
No presence (in the BCU or upstream of
it)

1 - LOW

Presence (in the BCU or upstream of it)

3 - HIGH

Table 3
4.

The vulnerability values obtained in step 2 were multiplied by the hazard values
calculated in step 3 as shown in Table 4.
Vuln↓/ Haz→
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1 - LOW

3 - HIGH

1 (low V)
2 (med V)
3 (high V)

5.

1
2
3
Table 4

The values obtained in step 4 were grouped into 5 categories (Table 5). The resulting
values represent the risk of potential hydropolitical tensions due to basin
development in absence of institutional capacity at a BCU level.
Risk scores from
Table 4

Risk categories

1

1 –Very low risk

2

2

3

3

6

4

9

6.

7.
8.

5 – Very high risk
Table 5

To obtain aggregated values by basin, a weighted BCU score was calculated for each
BCU by calculating the average of the BCU area and population weighting in basin.
The resulting BCU weight is then multiplied by the baseline indicator value (step 5) for
each BCU.
To obtain a basin indictor score, the values of the respective BCUs were summed.
The resulting basin scores were grouped into 5 relative risk categories (Table 6). The
resulting basin indicator scores represent the risk of potential hydropolitical
tensions due to basin development in the absence of institutional capacity at a
basin level.

Risk score
1.00-1.50
1.51-2.50
2.51-3.50
3.51-4.50
4.51-5.00
Units:

3
6
9

Relative risk category
1 – Very low risk
2
3
4
5 – Very high risk
Table 6

Unit-less, relative risk categories
Basins with lower scores have lower levels of potential hydropolitical tension due to
basin development in the absence of institutional capacity.
Table below presents and overview of the indicator results.

Risk
categorization

Relative
risk
category
1 - Very low

Proportion
of Basins

Basin Risk
Score

No. of
Basins

1.00-1.50

40 (0*)

14%

No. of
BCUs

Proportion
of BCUs

116 (0*)

15%

2 - Low

1.51-2.50

50 (0*)

17%

138 (0*)

17%

3 - Moderate

2.51-3.50

160 (0*)

56%

452 (0*)

57%

3.51-4.50
14 (0*)
5%
40 (0*)
5%
4 - High
5 - Very
4.51-5.00
22 (0*)
8%
50 (0*)
6%
high
* Number of basins/BCUs for which results have been calculated, but have a lower level
of confidence due to modelling /methodological limitations

Limitations:

The Hydropolitical Tension indicator is based on the identification of key institutional
components that are directly related to the management of water variability in
transboundary basins. These elements were selected based on the extant literature and
also on the availability of data to map them at a global scale (see De Stefano et al., 2012
and Petersen-Perlman (2014) for a detailed justification of the selection). As with any
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global indicator, however, they represent a simplification of the large number of factors
that could have an impact on hydropolitical tensions.
Moreover, this indicator considers only the existence of specific institutional components
and does not assess the level of implementation or performance of these components in
practice.
Dam and diversion project data are based on publicly-available information only. This
means that there could be additional water infrastructure projects that were not found
during the data search, for which information is not up to date or not publicly available.
Also the status of these projects is changing rapidly – some of these projects may have
been canceled or completed since the last updates of the respective databases.
Spatial Extent:
Spatial
Resolution:
Year of
Publication:
Time Period:

Global
BCU, basin
NA
NA
Cited references
De Stefano L., Duncan J., Dinar S., Stahl K., Strzepek K M. and A. T. Wolf (2012). Climate
change and the institutional resilience of international river basins. Journal of Peace
Research. 49(1):193-209.
Petersen-Perlman, J.D. (2014). Mechanisms of cooperation for states’ construction of
large-scale water infrastructure in transboundary river basins. Ph.D. Dissertation, Oregon
State University, USA.

Additional Notes:

Giordano, M.; Drieschova, A.; Duncan, J.A.; Sayama, Y.; De Stefano, L. & A. T. Wolf
(2013) A review of the evolution and state of transboundary freshwater treaties
Center for International Earth Science Information Network - CIESIN - Columbia
University, and Centro Internacional de Agricultura Tropical - CIAT. (2005). Gridded
Population of the World, Version 3 (GPWv3): Population Density Grid, Future Estimates.
Palisades, NY: NASA Socioeconomic Data and Applications Center (SEDAC).
http://dx.doi.org/10.7927/H4ST7MRB. Accessed 24 July 2014.

Date:
Format:
File Name:
Contact person:
Contact details:

Schmeier, Susanne (no date): International RBO Database, Transboundary Freshwater
Dispute Database (TFDD), Corvallis, OR: Oregon State University
http://www.transboundarywaters.orst.edu/research/RBO/RBO_Database.html, accessed 27 Jul
2014
01-02-2015
Excel file
TWAP_RB_metadata_Ind_11_HydropolTens.xlsx
Lucia De Stefano and James Eynard, Oregon State University
luciads@geo.ucm.es; jimeynard@gmail.com
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Hydropolitical Tension – Projected
Title:
Indicator Number:
Cluster:

Rationale:

Links :

Description:

Metrics:

Risk of Potential Hydropolitical Tensions due to Basin Development in Absence of
Adequate Institutional Capacity – projected scenario
11 Projected
Governance
The analysis of the history of past conflict and cooperation over water in transboundary
basins suggests that some political, socioeconomic and physical circumstances might
act as exacerbating factors and increase the risk of hydropolitical tensions due to basin
development in the absence of institutional capacity (Wolf et al., 2003). The calculation
of the projected scenario for the Hydropolitical Tension Indicator combines the results
from the baseline indicator (11) with a set of exacerbating factors.
GW (results likely to be similar for lakes overlapping with transboundary river basins),
Lakes (results likely to be similar for lakes overlapping with transboundary river basins)
Hazards scores are calculated based on a combination of 6 exacerbating factors (high or
increased climate-driven water variability, recent trends in water reserves, risk of
internationalization of basins due to presence of intrastate armed conflicts, presence of
active international armed conflicts, recent history of non-cooperation over water and
level of per capita income). Hazard scores from the exacerbating factors are added to
the baseline indicator results to produce a projected indicator value at the BCU level.
 Climate-Driven Water Variability – Coefficient of Variation
 Sen’s Slope – GRACE satellite. Monthly terrestrial water storage anomalies
measurements obtained from the GRACE RL-05 (Swenson and Wahr, 2006;
Landerer and Swenson, 2012) dataset from NASA’s Tellus website
(http://grace.jpl.nasa.gov).
 Risk of Internationalization – Minorities at Risk (MAR) Dataset, developed by the
Center for International Development and Conflict Management (CIDCM).
http://www.cidcm.umd.edu/mar/data.asp
 Armed Conflicts – UCDP/PRIO Dataset, developed by the Uppsala Conflict Data
Program/International Peace Research Institute.
http://www.pcr.uu.se/research/ucdp/datasets/ucdp_prio_armed_conflict_dataset/
 Basins at Risk (BAR) Scale – Recent history of water events. Developed by
Oregon State University
http://www.transboundarywaters.orst.edu/database/interwatereventdata.html
 Gross National Income, GNI per capita, Atlas method (current US$),
http://data.worldbank.org/indicator/NY.GNP.PCAP.CD and
http://data.un.org/Default.aspx
 Weighting of Basin-Country Unit (BCU) values by population. Population values
are taken from GPW v.3, 2010
projection. http://sedac.ciesin.columbia.edu/data/set/gpw-v3-population-densityfuture-estimates (CIESIN, 2005).
 Weighting of BCU values by area – GAUL shapefile using World Cylindrical
Equal Area projection.
http://www.fao.org/geonetwork/srv/en/metadata.show?id=12691
The computation of the projected indicator required the following steps to calculate BCUlevel scores:
9.

Computation:

Calculation of Climate-driven Water Variability Hazard Score (Change in
Coefficient of Variation) – following Vörösmarty et al. (2005), the absolute values
for coefficient of variation were grouped into three levels: ‘low’ (CV < 0.25)
‘medium’ (0.25 ≤ CV ≤ 0.75) and ‘high’ (CV > 0.75) variability. The change in the
CV from 2000 to 2030 was then calculated. For BCUs where the CV was at the
high level (3) in both years, the final water variability hazard score assigned was
1. Where CV was higher in 2030 than in 2000, the final water variability hazard
score assigned was also 1. Otherwise, the final water variability hazard score
assigned was 0 (Table 1).
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Water variability

Water Variability
Hazard Score

CV: No change (Med or Low) OR decrease

0

CV: High present & future OR increase
Table 1

1

10. Calculation of Sen’s Slope Hazard Score 15 (Recent Trends in Water Resource
Reserves). The Sen’s Slope values range from -0.94 to 0.39. The values were
grouped into two classes: stable and positive (>-0.1 to 0.39) and negative (≤-0.1 to
-0.94). The threshold for the hazard score is -0.1 as shown in the Table 2.
Sens Slope Hazard
Score

Sen’s Slope
Stable or Positive
(>-0.1 to 0.39)
Negative (≤-0.1 to -0.94)
Table 2

0
1

11. Calculation of Minorities at Risk (Risk of Internationalization) – In the CIDCM
database, conflicts during the time period of 2004-2006 are recorded and coded
by level of severity. All countries with a conflict severity values (FACTSEV1)
equal to or greater than 3 were marked as having a MAR score of 1. All BCUs
within a country were assigned the same MAR value. All countries with no data
were assigned a score of 0 as the MAR value (no conflict) (Table 3).
FACTSEV1 value

MAR Hazard Score

<3

0

≥3

1
Table 3

12. Calculation of Armed Conflict / War Hazard Score – Within the UCDP/PRIO
Armed Conflict Dataset, incidents were selected that occurred between years
2000 and 2013, and where both sides of the conflict included a government, either
in a primary or secondary (supporting) role (SideA or SideA2nd and SideB or
SideB2nd). All intensity levels (Int) were included. The War Hazard scores were
assigned as per Table 4.
Armed Conflict 2000 to 2013
(UCDP/PRIO Dataset)

War Hazard Score

No occurrence

0

Occurrence

1
Table 4

13. Calculation of Basins at Risk (BAR) Hazard Score – The BAR average value was
calculated for all events occurring between 2000 and 2008 in each BCU. Negative
average values were given a BAR Hazard score of 1. Averages of 0 or greater
were given a score of 0 (Table 5).
BAR scale Average
(2000-2008 period)

BAR Hazard Score

≥0

0

<0

1

15

Sens Slope values are calculated from GRACE satellite data, which provide an eleven-year record of monthly
terrestrial water storage anomalies, changes in the vertical sum of water stored as snow, surface, soil and
groundwater.
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Table 5
14. Calculation of Gross National Income Hazard Score – GNI for each country was
calculated as an average of the five most recent years in the dataset: 2008-2012.
The variable used was GNI per capita, Atlas method (current US$). Countries with
GNI per capita greater than $1 035 were given a GNI Hazard score of 0. Countries
below the threshold were given a score of 1 (Table 6).
GNI per capita, Atlas method (20082012 Average, current US$)

GNI Hazard Score

≥ 1 035 $

0

< 1 035 $

1
Table 6

15. The resulting six exacerbating factor hazard scores were added together. The
sum was then used to convert the baseline indicator values (Hydropolitical
Tension Indicator no. 11) to projected risk values based on Table 7. The final
values range from 1 to 5, and Projected Risk Values higher than 5 are
considered equal to 5.
Sum of Exacerbating
Factors by BCU

Effect on BASELINE RISK
INDICATOR score of a BCU

0

Projected Risk Value
1 Low Risk

Baseline Risk doesn't change

1
2

3

=

+1 to Baseline Risk

3

2

4

4

5 High Risk

5

+2 to Baseline Risk

6

* Final Risk Values > 5 are
considered equal to 5
Table 7

16. To obtain basin scores, a weighted score was calculated for each BCU of the basin by
taking an average of the area ratio and the population ratio (BCU area/population
weight within basin). This BCU weight (in basin) was then multiplied by the projected
indicator value for each BCU.
17. The basin score was calculated as the sum of the resulting BCU values for the
respective basin.
18. The resulting basin scores were regrouped into 5 relative risk categories (Table 8).
The resulting values represent the risk of potential hydropolitical tensions due to basin
development in the absence of institutional capacity at a basin level.
Weighted Basin Risk
Score

Relative Risk category

1.00-1.50

1 – Very Low Risk

1.51-2.50

2

2.51-3.50

3

3.51-4.50

4

4.51-5.00

Units:

Unit-less, risk categories
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5 – Very High Risk
Table 8

Basins with lower scores have lower levels of risk of potential hydropolitical tension due
to basin development in the absence of institutional capacity
Weighted Basin
Risk Score

No. of
Basins

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

1 - Very low

1.00-1.50

37 (0*)

13%

107 (29*)

13.4%

2 - Low

1.51-2.50

44 (0*)

15%

129 (53*)

16.2%

3 - Moderate

2.51-3.50

153 (0*)

54%

400 (243*)

50.3%

4 - High

3.51-4.50

28 (0*)

10%

104 (36*)

13.1%

5 - Very high

4.51-5.00

24 (0*)

8%

56 (29*)

7.0%

Relative risk
category

Risk
categorization

* Number of basins/BCUs for which results have been calculated, but bear a lower level
of confidence due to modelling /methodological limitations in climate change projections
for future water variability.
As with any global indicator, the factors considered to potentially exacerbate risk of
transboundary tensions certainly represent a simplification of the large number of factors
that could have an impact on international relationships over water. For example, issues
such water quality degradation or inter-sectorial conflict between water uses (e.g.
hydropower generation vs agriculture) are other important factors that contribute to strain
transboundary relationships and that are outside the scope of this indicator.
Limitations:

The indicator is based on the assumption that institutional capacity in the future will be as
it is at present, as there is no way of foreseeing how it will evolve. However, the negotiation
and signature of new treaties is often a process that can take several years, so it can be
assumed that the institutional context will not change drastically within the next 15 years.
For two of the exacerbating factors (risk of internationalization of basins expressed by the
presence of minorities involved in armed conflicts and conflict/cooperation over water)
there could be situations of conflict or cooperation that occurred after the last update of
the datasets used in the analysis.

Spatial Extent:
Spatial
Resolution:
Year of
Publication:
Time Period:

Global
BCU, basin
NA
NA
For data sources see ‘Metrics’
Cited Literature:
Landerer, F. W., and S. C. Swenson (2012), Accuracy of scaled GRACE terrestrial water
storage estimates, Water Resour. Res., 48(4), W04531, doi:10.1029/2011wr011453.

Additional Notes:

Swenson, S., and J. Wahr (2006), Post-processing removal of correlated errors in
GRACE data, Geophys. Res. Lett., 33(8), L08402, doi:10.1029/2005gl025285.
Vörösmarty, Charles J; Ellen M Douglas, Pamela A Green & Carmen Revenga (2005)
Geospatial indicators of emerging water stress: An application to Africa. Ambio
34(3):230(3):4
Wolf, A. T., Yoffe, S. B., and Giordano, M. 2003. International waters: identifying basins
at risk. Water Policy. 5 (1): 29-60.

Date:
Format:
File Name:
Contact person:
Contact details:

01.02.2015.
Excel file
TWAP_RB_metadata_Ind_11_HydropolTens_Projected .xlsx
Lucia De Stefano and James Eynard, Oregon State University
luciads@geo.ucm.es; jimeynard@gmail.com
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Enabling Environment

Title:

Enabling Environment

Indicator Number:

12

Thematic Group:

Governance

Rationale:

Legal Framework (Indicator number 10) and Hydropolitical Tension (Indicator number
11) indicators focus on governance at the transboundary scale, but it is also important
to look at governance at the national scale for countries within each transboundary
basin. This indicator considers the development of an ‘Enabling Environment’ for water
resources management in each riparian country. This is based on a broad spectrum of
issues including the policy, planning and legal framework, governance and institutional
frameworks, and management instruments.
The final results of the indicator show the status of development of an enabling
environment in BCUs and Basins, aggregated based on national-level information
received from countries.

Links :

GW (indication of the likelihood of sustainable abstraction levels from aquifers), Lakes
(results likely to be similar for lakes overlapping with transboundary river basins),
LMEs (may be overlap of jurisdictions between river basins and LMEs)
This indicator considers the level of development and implementation of an ‘enabling
environment’ for water resource management in each riparian country. Enabling
environment in this context refers to the national (or subnational/basin) level policies,
plans, legal and institutional frameworks and management instruments required for
effective water resource management, development and use. A well-designed and
implemented enabling environment ensures that the framework is in place to facilitate
involvement of stakeholders (at all levels - community, national, private sector) in water
management, and considers the needs of the different users, including the environment.

Description:

This indicator builds on monitoring work to measure progress on “the application of
integrated approaches to the development, management and use of water resources”
as called for in Agenda 21 of the 1992 ‘Earth Summit’ (UNCED 1992). The underlying
data for this indicator builds on the survey undertaken for the 2012 UN Water Status
Report on the Application of Integrated Approaches to Water Resources Management
(UNEP 2012).
Results show the development of the enabling environment for each basin country unit
(BCU). A weighted ‘importance’ of each BCU to the basin based on the share of
population and area is used to produce weighted BCU scores. The sum of the weighted
BCU scores is used to aggregate basin score.
The majority of the data for this indicator come from a survey undertaken during 2011
involving all 192 UN member states at that time. 133 country responses were received
to the survey. For the purposes of TWAP RB, additional responses were collected from
15 countries in 2013, using in-country experts (with assistance from GWP and OSU) to
fill identical survey questionnaires.
Status of development of the ‘enabling environment’ was assessed based on the
following factors (numbers in brackets refer to question numbers in the original
questionnaire):

Metrics:

1.
2.
3.
4.
5.
6.
7.
8.
9.

Water resources policy, laws, and plans (1.1.1)
Institutional frameworks (2.1.1)
Stakeholder participation (2.1.2)
Capacity building (2.1.3)
Water resource assessment and development guidelines (3.1.1)
Water resource management programmes (3.1.2)
Monitoring and information management (3.1.3)
Knowledge sharing (3.1.4)
Financing of water resource management (3.1.5)
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The status of enabling environment in the country questionnaires take 2011 as the
reference year.
Computation of indicator scores was done in following steps:
1.

Computation:

Assigning scores to each BCU based on the average scores of the national
response for each of the 9 metrics (calculated from a number of sub-questions
under each question from the country surveys).
Status

Score

Not relevant

1

Under development

2

Developed, but implementation not yet started,

3

Implementation started

4

Implementation advanced

5

Fully implemented

6

2.

3.

4.
5.

Units:

Calculating the average score considering all 9 metrics for each BCU, but
removing any responses given as ‘not relevant’ (response of 1), to give a single
value for each BCU. All 9 metrics were weighted equally.
Calculating the ‘importance’ of each BCU within basin based on the proportion
of population and area that the respective BCU represents compared to the
basin. The sum of the BCU relative importance values within basin is 1.
Multiplying average score (‘2’) by relative importance (‘3’) to get a weighted
score for each BCU.
Add these scores to obtain a total score for the basin*.

* Basins with responses for more than 80% coverage of the basin (based on area or
population represented by the BCU responses), were considered to have sufficient
information to generate basin scores and results categories, resulting in indicator score
coverage for 230 basins.
Unit-less
Table below shows distribution of basins and BCUs across risk categories.
For the 230 transboundary basins (and corresponding BCUs) assessed, the risk
categories were assigned as above resulting in the following number of basins/BCUs
in each category:
Relative risk
category
1 - Very low

Scoring system:

Range
(normalized
score)
5.01 - 6

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

29 (1*)

13%

110 (0*)

16%

No. of
Basins

2 - Low

4.01 - 5

84 (4*)

36%

212 (0*)

32%

3 - Moderate

3.01 - 4

66 (7*)

29%

162 (0*)

24%

4 - High

2.71 - 3

25 (1*)

11%

106 (0*)

16%

<=2.7

26 (5*)

11%

84 (0*)

12%

5 - Very high

* Number of basins in brackets, indicates number of basins that did not have 100% of area and
population coverage based on BCU data, but for which scores were generated based on 80% 99% coverage (deemed sufficient for purposes of this assessment).

The relative risk categories are mainly based on the original survey (see original
scoring table under ‘Computation’ section).
Basins and BCUs in the relative risk categories 4 and 5 represent enabling
environments for IWRM that are generally still under development, but implementation
has not yet started.
Category 3 represents enabling environments that have been developed, and some
implementation has begun.
The lowest relative risk categories 1 and 2 represent more advanced enabling
environments, where implementation is advanced or fully completed.
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Limitations:

- The indicator is based on approximately 60 sub-questions from the original survey
questionnaire. This breadth of questions is seen as a strength, making it a more robust
assessment (compared, for example, to merely looking at the existence of policies, laws
and plans). Averaging of 60 sub-questions does however make it difficult to know which
‘aspects’ of the enabling environment are more or less developed in each country (or
which are more relevant than others), and therefore which may require further
development.
- For the purposes of TWAP RB assessment, the nine sub-question groups from the
survey are averaged and weighted equally to create a single BCU score, since all
aspects are deemed equally relevant to achieving full implementation of the ‘enabling
environment’. Any potential weighting of the question groups would depend on the
priorities of the country.
- The data is based on subjective views in response to a questionnaire.

Spatial Extent:

Global

Spatial Resolution:

BCUs and Basins

Year of Publication:

2012

Time Period:

2011

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

01.04.2015
Microsoft Excel Worksheet
TWAP_RB_indicator_11_results.xlsx
Maija Bertule
UNEP-DHI, mabe@dhigroup.com
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Socioeconomics
Economic Dependence on Water Resources
Title:

Economic Dependence on Water Resources

Indicator Number:

13

Thematic Group:

Socioeconomics

Rationale:

Withdrawal from water systems is often related to human activities aimed at supporting
/enabling production activities to sustain economic growth (Grey 2006), for example
freshwater is often abstracted to provide for irrigated agriculture as well as domestic
and industrial needs. Understanding the degree to which economic activity is
concentrated in given basins, and therefore the level of dependence on freshwater
resources within basins, will help to illuminate the risk to economies within a basin
should water supplies be substantially altered. This same metric can also help to
assess the level of human pressure on water resources.

Links :

Water consumption associated with economic activities that underpin growth and
contribute to GDP may be associated with impacts on water resources and an
upstream- downstream complex of problems. Outtakes from a river system in terms of
quantity will impact linked water systems as a result of less water flowing into
connected systems. Water consumption for production activities could also give rise to
other negative impacts (Barua 2009) associated with consequences of production
such as harmful discharges and altered sedimentation levels.

Description:

The economic dependence indicator measures the degree to which economies are
dependent on the water resources of transboundary basins. This is assessed through a
weighted average of the economic activity of each BCU compared to the rest of the
respective country. A complete valuation of ecosystem services represented by the
water resources in all basins included in this assessment is not possible, but this
indicator is a useful proxy.
This indicator is composed of the following sub-indicators:
• Urban activity fraction: a measure of urban economic activity, including domestic,
commercial and industrial;
• Agricultural activity fraction: a measure of irrigation activity.
For the urban activity fraction sub-indicator, we used night-time lights (NTL) data from
the Defence Meteorological Satellite Program-Optical Line Scanner (DMSP-OLS).
These data are commonly used for identifying human settlements and economic activity
(at least urban and industrial activity). Night-time lights radiance data were summed by
BCU and by country, and the BCU total was divided by the country total to get an urban
activity fraction per BCU.

Metrics:

The BCU results were then aggregated to the basin level by taking the weighted average
of the BCUs, with weights based on an average of the proportional share of population
and land area in each BCU, compared to the basin total. This is a measure of the urban
economic dependence of the countries that share a basin on the water resources within
that basin.
For the agricultural activity fraction sub-indicator, we used water withdrawal data
for irrigation from the WaterGAP 2.2 model (Müller Schmied et al. 2014). We applied an
identical process to the urban activity fraction, calculating the fraction of irrigation water
withdrawal for each BCU compared to the respective country totals, and then calculating
the weighted average of BCU scores to develop a basin score.
Because of WaterGAP grid cell resolution, 158 BCUs out of 796 did not have the
agricultural activity fraction sub-indicator.
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Computation:

Units:

The urban and agricultural activity fractions were somewhat correlated (Pearson’s r
=0.36, p<001), so we averaged the two together to create an overall economic
dependency measure.
BCUs without the agricultural activity fraction are based entirely on the urban activity
fraction.
Fractions were then converted to the five risk categories based on expert opinion as
shown in the Table below
(1) Digital numbers and (2) m3/year
The table below shows distribution of basins and BCUs across risk categories.
All data were heavily left-skewed, with long tails to the right.
The indicators were log-transformed, the tails were trimmed at 2.5% and 97.5% of the
distribution, and the indicators were transformed to z-scores and added together
without weights. The z-score was then transformed to a percentile. The top 10%
countries with the highest dependency (fractions of economic activity and withdrawals)
were considered to be the highest risk category 5 (28 basins), followed by the next
10% in category 4 (28 basins), 30% in category 3 (83 basins), 40% in category 2 (110
basins), and 10% in category 1 (28 basins).

Scoring system:

Relative risk
category
1 - Very low

Range
(normalized
score)
0-0.1

2 - Low

0.1-0.2

3 - Moderate

0.2-0.4

4 - High

0.4-0.6

5 - Very high

0.60-1.0

No. of
Basins

Proportion
of Basins

No. of BCUs

Proportion
of BCUs

* Number of basins/BCUs with lower degree of scientific confidence. See more under Limitations
section.

This indicator would benefit from looking at the patterns of dependence between the
riparian countries within the individual BCUs. Currently, large countries with a very small
proportion the basin land area, population, and river flow bias the results, Because the
vast majority of their economic activity is outside the basin, it tends to bring the fractions
of overall economic activity within the basin down significantly. The best way to address
this is to calculate the fraction of economic activity occurring within each BCU, and then
to aggregate the BCU fractions as a weighted average based on an average of the
proportion of the basin land area, population, and river flow.

Limitations:

A total of 158 BCUs (out of 796) did not have the agricultural activity fraction subindicator. In these cases the BCU score was entirely based on the urban activity fraction
sub-indicator. This is owing to the grid cell resolution of the WaterGAP 2.2 data (0.5°),
which prevented reporting of results for the smallest BCUs (i.e. those which could not
have a 0.5° grid cell assigned to them in the hydrological model). A further 343 BCUs
are assigned between 1 and 9 grid cells, and hence are considered to have a lower
degree of scientific confidence than those with 10 or more. However, these 501 BCUs
account for approximately 1% of total BCU area, thus the overall interpretation of results
at the global level is valid.
For the economic activity fraction sub-indicator, the analysis is limited mainly by the
assumptions regarding the relationship between night-time lights, economic activity, and
water withdrawals. It is assumed that this indicator most closely tracks with domestic
and industrial withdrawals. Statistical analyses showed that this indicator was highly
correlated with results processed in an analogous manner for energy withdrawals and
industrial withdrawals based on the WaterGAP 2.2 model. Thus there would appear to
be moderate levels of confidence in these results.

Spatial Extent:

Global

Spatial Resolution:

(1) 30 arc seconds, (2, 3, 4) 0.5 decimal degrees

Year of Publication:

2013

Time Period:

(1) 2010, (2, 3, 4) average annual for 1970-2000

Additional Notes:
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Date:
Format:
File Name:
Contact person:
Contact details:

01.04.2015
Microsoft Excel Worksheet
TWAP_RB_indicator_13_results.xlsx
(1) Chris Elvidge, (2) Christof Schneider
(1) Chris.Elvidge@noaa.gov, (2) schneider@usf.uni-kassel.de
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Societal Wellbeing
Title:

Societal Wellbeing

Indicator Number

14

Cluster:

Socioeconomics
Low levels of socioeconomic development and human wellbeing put populations at
higher risk from low and high flow extremes, and from water pollution. This indicator is
composed of five sub-indicators, so the rationale for each is described in turn.
(1) Access to improved drinking-water supply will indicate the efficiency of the basin’s
water governance structure. It will also be an indication of the population health since a
lack of improved drinking-water often lead to an increase in water-related diseases such
as cholera and diarrhoea. Access to improved drinking water can also provide economic
benefits if less time is spent on securing household water supply. Access to improved
water supply is of high global importance, as manifested by the global community in the
Millennium Development Goal 7.
(2) Access to improved sanitation will be an indication of population health since a lack
of improved sanitation often leads to an increase in water-related diseases such as
cholera and diarrhoea. There are also economic aspects to consider since the diseases
related to poor sanitation prevent people from working. Access to improved sanitation
is of high global importance, as manifested by the global community in the Millennium
Development Goal 7.

Rationale:

(3) Adult literacy will indicate the level of education in the basin and provide an indication
of the knowledge capacity to deal with issues in the basin. An educated population can
more easily take on the development challenges it faces, such as ensuring
environmental sustainability, increasing productivity and empowering women and
creating gender equality.
(4) Infant mortality rates (IMRs) serve as a useful proxy for overall poverty levels
because they are highly correlated with many poverty-related metrics such as income,
education levels and health status (de Sherbinin 2008). Low IMRs are an indication of
a society where the population has access to nutritious food and healthcare, whereas
high IMRs are a sign of low levels of economic development. Where IMRs are highest
one would expect that fluctuations in water levels or growing water stress will have a
detrimental impact on human wellbeing. Infant mortality is one of many parameters
related to environmental health concerns and the health care service available to the
population and this follows administrative borders. The indicator can therefore be
relevant for other water systems within the same administrative borders.
(5) Gini coefficients represent the level of inequality in a basin. Societal inequality is an
important dimension of welfare, and indicates likely levels of participation in governance,
representation in public authorities, and capacity for sound environmental management,
where conflicts may occur between welfare needs and environmental concerns. Gross
inequality may lead to social or political unrest, which puts at risk efforts to create
healthy, educated societies resilient to pressures on their water resources. The potential
impacts related to economic inequalities within political units affect water systems with
little differentiation with regard to type of water system. Thus the problems related to
poor wealth distribution will potentially add to existing problems within basins and
existing links between water systems.
(1, 2) The governance systems for improved drinking-water supply are not limited to
river basins, but follow administrative borders. The indicator can therefore be relevant
for other water systems within the same administrative borders.

Links :

(3) Adult literacy is dependent on the level of education available and this follows
administrative borders. The indicator can therefore be relevant for other water systems
within the same administrative borders.
(4) Life expectancy is one of many parameters related to the health care service
available to the population and this follows administrative borders. The indicator can
therefore be relevant for other water systems within the same administrative borders.
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(5) The potential impacts related to economic inequalities within political units affect
water systems with little differentiation with regard to type of water system. Thus the
problems related to poor wealth distribution will potentially add to existing problems
within basins and existing links between water systems.

(1) Percentage of population using an improved drinking-water source. Improved
drinking-water sources include; piped water into dwellings, piped water to yards/plots,
public taps or standpipes, tubewells or boreholes, protected dug wells, protected
springs, rainwater. (Definition for improved drinking water is taken from the JMP, and
further
information
can
be
found
at
http://www.wssinfo.org/definitions
/infrastructure.html).
(2) The definition of this indicator is the proportion of the population with improved
sanitation. According to the Joint Monitoring Programme of the WHO and UNICEF,
improved drinking-water sources include: flush toilets, piped sewer systems, septic
tanks, flush/pour flush to pit latrines, ventilated improved pit latrines, pit latrines with
slab, and composting toilets. The data sets used for this indicator include the percentage
of a country’s rural and urban populations with access to improved drinking water
(updated 2010).
Description:

(3) The definition of the indicator is the proportion of the population aged 15 or above
that can both read and write a short simple statement on their everyday life. The
definition is taken from the UNDP Human Development Report (HDR) indicator on adult
literacy.
(4) Infant mortality rates at a subnational level were compiled from a number of sources,
including country vital statistics, Demographic and Health Surveys, and Multiple
Indicator Cluster Surveys. The subnational rates were adjusted to correspond to 2008
national-level IMRs published by UNICEF. The data were gridded at 5 arc-minute
resolution.
(5) The Gini index is an estimate of inequality. It measures the extent to which the
distribution of income (or, in some cases, consumption expenditure) between individuals
or households within an economy deviates from a perfectly equal distribution. A Gini
index score of zero implies perfect equality while a score of 100 implies perfect inequality
(World Development Indicators Online. World Bank, 2009).
(1, 2) These sub-indicators were calculated using data from the WHO / UNICEF Joint
Monitoring Programme (JMP) for Water Supply and Sanitation (WSSinfo.org)
(downloaded June 2013).
(3) The data were obtained from the UNESCO Institute for Statistics (2012) and
represent 2010 for almost all countries.

Metrics:

(4) For this indicator we used CIESIN’s gridded IMR data (CIESIN 2005) but updated
for 2008, which is a compilation of subnational data.
(5) Gini coefficients were obtained for each country from the World Bank World
Development Indicators. Because Gini coefficients are not calculated for all countries in
all years, we used data ranging from 2000 to 2010. All data is collected at national level,
and data are not typically reported by urban/rural breakdown.
(1, 2) The computation steps were as follows:

Computation:

1. Utilize CIESIN’s Global Rural-Urban Mapping Project (GRUMP) urban/rural
population grid to identify the proportion of the population that is urban and
rural in each BCU.
2. Multiply ‘1’ by the urban/rural percentage improved drinking-water supply
coverage to obtain an average percentage of population with improved
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drinking-water supply per BCU.
3. Aggregate to basin level with weighting based on size of population in each
BCU.
The result is a measure of the average percentage of the population with access to
improved drinking water supply in each basin.
(3) All data is collected at national level, and data are not typically reported by
urban/rural breakdown. To calculate this indicator, we used population count data from
the GRUMP data set, and calculated the proportion of the basin population in each
BCU. We used the proportion of the population in the basin to create a basln-level
weighted average of the national-level literacy rates for each riparian country.
(4) IMRs are measured as the number of deaths per 1 000 live births among 0-1 year
olds. We used the gridded IMR data set and simply averaged the IMR for each basin
using zonal statistics in ArcGIS 10.1.

(5) To calculate this indicator, we used population count data from the GRUMP data
set, and calculated the proportion of the basin population in each BCU. We used the
proportion of the population in the basin to create a basin-level weighted average of
the national-level Gini coefficients for each riparian country.
Data
Source/provider:

(1, 2) WHO / UNICEF Joint Monitoring Programme (JMP) for Water Supply and
Sanitation, (3) UNESCO, (4) DHS, MICS, and country vital statistics, (5) World Bank
World Development Indicators

Spatial Extent:

Global

Spatial Resolution:

Country level

Year of Publication:

2013

Time Period:

2010-11 for most countries
(1, 2, 3) Percentage, (4) deaths per 1,000 live births, (5) Gini coefficient ranging from 0
(low inequality) to 100 (high inequality)

Unit:

Risk categorization

Risk categories were defined by the following distribution: Risk categories 1, 2 and
5 include 10% of all basins (28 basins in each category), whereas risk category 3
includes 30% of all basins (83 basins), and risk category 4 includes 40% of all
basins (110 basins). Raw values for the untransformed data varied across the
different indicators. As an example, the highest risk category (category 5) had 965% coverage for access to improved water sources, and Infant Mortality rates of
between 20 and 133 deaths per 1 000 live births.

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

24 Aug. 2013
Excel
multiple
Alex de Sherbinin
CIESIN, Columbia University, PO Box 1000, Palisades NY 10964, Tel. +1-845-3658936, adesherbinin@ciesin.columbia.edu
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Exposure to Floods and Droughts

Indicator Number:

Exposure to floods and droughts (Vulnerability to Climate-related Natural
Disasters)
15

Cluster:

Socioeconomics

Title:

Rationale:

Floods and droughts cause the greatest loss of life and economic losses of all natural
disasters each year, and the likelihood and severity of floods and droughts is likely to
increase with climate change. Impacts of floods and droughts are felt by humans and
ecosystems, and include impacts on food security, damage to infrastructure, and
displacement of people. Global analyses have been undertaken by CIESIN in 2005
(Dilley, et al., 2005) and the UNEP Global Assessment Report in 2009 and 2013.
Hydrological variability induced by climate change will affect flow patterns in river
systems. The risk of droughts and floods will increase, affecting both quantity and quality
of water being transported through water systems. Potential human efforts to mitigate
climate change effects by constructions on river systems will probably further impact
downstream areas.
This indicator is composed of two sub-indicators:
(1) Coefficient of variation of monthly river discharge. The rationale for this indicator is
that high variability in discharge signifies greater exposure to climate extremes, and
particularly drought.
(2) Aggregated economic exposure (in US dollars) to flood hazards divided by basin
area. The rationale for this indicator is that flood hazards take a significant economic toll
on economies, sometimes setting back development progress by a decade or more
(Solomon et al. 2013).

Links :

Description:

Metrics:

Computation:

Hydrological variability induced by climate change will affect flow patterns in river
systems. The risk of droughts and floods will increase, affecting both quantity and quality
of water being transported through water systems. Potential human efforts to mitigate
climate change effects by constructions on river systems will probably further impact
downstream areas.
(1) For each grid cell in the WaterGap 2.2. model, the mean, maximum and minimum,
standard deviation, variance, and coefficient of variation (CV) of runoff was calculated.
The statistical parameters were calculated from monthly discharge data for the climate
normal period 1971-2000. The coefficient of variation (CV) is defined as the ratio of
the standard deviation to the mean. Higher CVs imply greater variation in flows.
(2) Data on Economic Exposure to Floods from the UNEP Global Assessment Report
for 2013 provide the economic exposure in US Dollars for major rivers in each basin.
(1) See above.
(2) Data on economical exposition to flood were obtained from UNEP PREVIEW
(http://preview.grid.unep.ch/).
(1) This indicator was calculated using data processed by Christof Schneider of the
University of Kassel using the WaterGap 2.2 model. Using the CV of flow as calculated
by Christof, CIESIN averaged the CV over each basin. The result is a measure of the
flow variability, and therefore the dependability of flow for human activities. A total of
276 basins are included in this analysis.
(2) The gridded data representing economic exposure were summed by basin and
divided by river basin area to come up with a measure of total economic exposure per
basin area.

Data
Source/provider:

(1) Center for Environmental Systems Research (CESR), computations for basin
averages by CIESIN, and UNEP PREVIEW (http://preview.grid.unep.ch/).

Spatial Extent:

Global

Spatial Resolution:

(1) 0.5° by 0.5° grid cell raster, (2) ??

Year of Publication:

(1) 2013, (2) 2011
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Time Period:
Unit:

(1) 1971-2000, (2) 2011
(1) Coefficient of variation, (2) US Dollars per sq. km.

Additional Notes:

Date:
Format:
File Name:
Contact person:

Contact details:

24 Aug. 13

(1) Christof Schneider, (2) Pascal Peduzzi
(1) Center for Environmental Systems Research, Kurt-Wolters-Str.3, 34109 Kassel
schneider@usf.uni-kassel.de, Phone: +49.561.804.6128, (2) UNEP/DEWA/GRIDEurope, 11, ch. des Anémones, Châtelaine, Genève, CH-1219, Switzerland, Phone:
(+41 22) 917 82 37 & Fax: +41 22 917 8029
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Water System Links
Lake Influence Indicator
Title:

Lake Influence Indicator

Indicator Number:

17

Thematic Group:

Water System Links

Rationale:

The Lake Influence Indicator is a link between the River Basins component and the
Lake Basins component of the TWAP project. The main objective of the indicator is to
provide information about the buffering and storage capacity of lakes within
transboundary river basins. In contrast to the flowing waters of rivers, lakes store water
and release it slowly or when required. Hence, managed or unmanaged levels of lake
storage provide flood protection and alleviate water shortages for residential,
commercial, industrial and agricultural uses downstream. Furthermore, lakes influence
water quality, including the dynamics of pollutants and nutrients in the water column.
For example, because of their large water volumes and long water-residence times,
the natural buffering capacity of lakes can neutralize or otherwise remove pollutants
entering them. At a certain point, however, the buffering capacity of a lake can be
exhausted or overwhelmed, with the lake subsequently becoming a source of pollution
for downstream rivers until the pollutants contained in it are flushed out or otherwise
neutralized.

Links :

Lakes: Lakes and rivers are strongly interrelated. The buffering capacity of lakes
affects water quantity and quality issues within a river basin.

Description:

Storage capacity of all lakes in a river basin divided by annual water availability in the
river basin.


Metrics:

Computation:

Data on lake storage capacity has been collected from different available data
sources (Global Lake Database, Global Lake and River Ice Phenology
Database, World Lake Database, Lake Model FLake, Wikipedia and single
papers/ studies). Where data for lake volume were not available, the
estimated volume was computed by means of lake area and mean depth
(Lake volume V = Lake Area A * Lake mean depth d). Where no information
on lake volume and/or depth was available, lake volume was estimated
according to Ryanzhin (2005). All lakes of the Global Lakes and Wetland
Database Level 1 (GLWD1) are considered in the calculation of this indicator.
Thereby, for the purpose of this indicator, no distinction was made between
natural and dammed lakes.
 Mean annual renewable water availability (taking into account human impacts
such as water use and dam management) for the time period 1971-2000
computed by CESR at 30 min. grid using the Global Hydrology model
WaterGAP2.2 (Müller Schmied et al. 2014). The meteorological data from
WATCH (WFD, Weedon et al. 2011) were used to drive the model. Water
consumption, which is subtracted from the natural water availability, was
calculated by the Global Water Use sub-models of WaterGAP2.2, made up of:
– Domestic demand (Flörke et al. 2013);
– Thermal electricity production (Flörke et al. 2013);
– Manufacturing industry demand (Flörke et al. 2013);
– Agricultural demand (Alcamo et al. 2003, aus der Beek et al. 2010, Döll
and Siebert 2002); and
– Area equipped for irrigation (GMIAv5, Siebert et al. 2013).
Steps for calculation of the indicator:
1. Storage capacity of all lakes determined
2. Storage capacity of all lakes within the same river basin summed
3. Mean annual renewable water availability (including human impacts such as water
consumption and dam management) calculated per river basin
4. Storage capacity of all lakes within the basin (2.) divided by mean annual water
availability in the basin (3.)
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Units:

[%], i.e. the percentage of annual river discharge that can be stored in the available
lakes within a river basin

Scoring system:

No risk categorization is applied for this indicator as the indicator provides additional
information to the selected indicators in TWAP RB. It shows the buffering capacity of
lakes within each transboundary river basin – information which needs to be related to
the water quantity and quality conditions in the river basin for further interpretation.



Limitations:

Spatial Extent:

Values for storage capacity (or mean depth) are not available in the literature/
datasets for all lakes, so that storage capacity needed to be estimated for some
of the lakes according to Ryanzhin (2005).
 There is no boundary condition for defining an acceptable vs. unacceptable
storage volume since it relates to either lake or river condition (e.g. water quality
parameters or water scarcity).
Global (for all transboundary river basins)
Lakes and Wetlands Database Level 1 (GLWD1)

Spatial Resolution:

Hydrology and water use at 0.5° grid cells
GLWD (Lehner & Döll, 2004)

Year of Publication:
Time Period:

WaterGAP2.2 ( Müller Schmied et al. 2014)
1971-2000

Additional Notes:

Date:
Format:
File Name:
Contact person:
Contact details:

27.01.2015
Microsoft Excel Worksheet
TWAP_RB_indicator_17_results.xlsx
Christof Schneider
Center for Environmental Systems Research, Kurt-Wolters-Str.3, 34109 Kassel
schneider@usf.uni-kassel.de, Phone: +49.561.804.6128
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Delta Vulnerability: Relative sea level rise
Title:
Indicator Number:
Cluster:
Rationale:

Links :

Description:

Relative sea level rise indicator
18
Deltas
Many deltas are threatened by relative sea level rise (RSLR), which is basically
determined by the balance between: (1) delta aggradation, (2) land subsidence
and (3) sea-level rise.
Relevant to TWAP lakes (delta aggradation being affected by reservoirs),
groundwater (land subsidence can be caused by over-abstraction from coastal
aquifers), and LMEs and open ocean (sea-level rise).
The RSLR indicator is based on the total sinking rate of the delta surface relative
to the local mean sea level in mm/year. This involves (1) delta aggradation, (2)
land subsidence and (3) sea-level rise.
(1) Delta aggradation is caused by fluvial sediment supply, but may be
strongly influenced by human flood protection infrastructure inhibiting the
distribution of sediments over the delta surface.
(2) Land subsidence results from various processes, some of which are
natural (e.g., tectonic and isostatic movements, sediment compaction),
whereas others are highly human-influenced, being a result of drainage
activities or subsurface mining.
(3) Sea-level rise is a world-wide process, but nevertheless spatially variable
because of varying gravimetric effects. The RSLR indicator is based on
the total sinking rate of the delta surface (caused by the three components
mentioned above) relative to the local mean sea level in mm/year.

Metrics:

Units:

For the TWAP assessment, aggradation, subsidence and sea level rise is assessed
for each delta from published data (Syvitski et al 2009 and Ericson et al 2006).
Based on the available quantitative data, each delta is assigned to one of five
relative sea level rise (RSLR) categories, largely following Ericson (2006), with
category 1 representing no RSLR (<= 0 mm/yr) and category 5 representing high
RSLR (>5 mm/yr).
Dimensionless scale

Scoring system:

Point scale: 1 - 5

Computation:



Limitations:

Spatial Extent:

In the RSLR assessment, it is not possible to separately quantify the various
components of aggradation, land subsidence and regional sea level rise.
 Intra-delta spatial variability, which in many cases is high, is not taken into
account; the ranges provided cover either different times or different areas
of a delta (Syvitski, 2009). Ericson states that the estimation of accelerated
subsidence is problematic due to spatial and temporal variations based on
the location and intensity of the human activities causing the acceleration
(Ericson, 2006).
 Ericson notes that, in the absence of reliable data, a factor of three times the
natural subsidence rate is applied to define the upper limit of the potential
accelerated subsidence based on the assumption that accelerated
subsidence is a direct result of the magnitude of anthropogenic influence on
delta sediment (Ericson, 2006).
 Coastal erosion is not taken into account although it may be related to land
subsidence.
Delta (average value over total delta area); for 26 deltas
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Spatial Resolution:

Depending on data source (i.e. SRTM and MODIS imagery, areal photographs,
digitized historical maps, PSMSL data (global databank for long-term sea level
change information)
2006 or 2009

Year of Publication:

Time Period:

References
 Syvitsky, J.P.M., A.J. Kettner, I. Overeem, E.W.H. Hutton, M.T. Hannon, G.R.
Brakenridge, J. Day, C. Vörösmarty, Y. Saito, L. Giosan & R.J. Nicholls, 2009,
Sinking deltas due to human activities. Nature Geoscience 2, pp. 681-686.
 Ericson, J.P., Vörösmarty, C.J., Dingman, S.L., Ward, L.G. & M. Meybeck, 2006,
Effective sea-level rise and deltas: causes of change and human dimension
implications. Global and Planetary Change 50, pp. 63-82.

Depending on data source; up to 2003 (?) for Ericson, up to 2007 for Syvitski

Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

April 2014

Delta-Alliance: Tom Bucx / Cees van de Guchte
tom.bucx@deltares.nl / cees.vandeguchte@deltares.nl
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Delta Vulnerability: Wetland ecological threat
Title:
Indicator Number:
Cluster:

Wetland ecological threat indicator
19
Deltas

Rationale:

Wetlands are the most typical (characteristic / natural) ecosystems in deltas.
Information on wetlands in deltas provides an indication of their biodiversity
value and level of natural state. In principle all types of wetlands can be found in
deltas, including typical coastal wetlands such as mangrove, estuary and lagoon
as well as freshwater wetlands (bogs, fens, lakes, marshes).

Links :

Description:

The indicator may be important for LMEs – Large Marine Ecosystems;
The determination of the wetlands ecosystems indicator is based on three main
factors:
 the share of wetland ecosystems within the delta;
 the ecological value determined by the presence of/in:
o Biodiversity Hotspot(s)
o Key Biodiversity Area(s) (KBA)
o Ramsar site(s)
o Global 200 region
o Man and Biosphere Reserve (MAB-Resreve)
o Formally protected area (IUCN Category 1 or 2);
 the environmental threat estimated based on the threats mentioned in
the descriptions for:
o Biodiversity Hotspot(s)
o Global 200 region.
Occasionally, additional information can be gained from the site-descriptions
(sheets) for similar Global 200 regions or site description form(s) for Ramsar
site(s).
The indicators are further explained below. Note that not all are formally
recognised statuses for deltas.
Description of the criteria
The ‘Share of wetland percentage of delta area’ is based on the Global Wetlands
Data Base. This dataset shows the global distribution of wetlands. It was
produced at UNEP-WCMC from various sources alongside the publication
'Wetlands in Danger", Dugan, P ed. (1993). http://www.unep-wcmc.org/globalwetlands-1993_719.html . This database has been updated by Lehner and Döll
into the Global Lakes and Wetlands Database (GLWD- 3). It can be found at:
http://www.wwfus.org/science/data.cfm (Center for Environmental Systems
Research, University of Kassel, Germany AND World Wildlife Fund US,
Washington, DC USA).
Biodiversity Hotspots (Myers et al., 2000) are regions of global conservation
importance defined by the presence of high levels of threat (at least 70% habitat
loss) in areas with high levels of species endemism (at least 1 500 endemic plant
species). These hotspots represent the broad-scale priority regions identified by
Conservation International. The hotspots are currently terrestrially focused, but
the process of identifying marine hotspots is under way. The hotspots are
described at
http://www.conservation.org/where/priority_areas/hotspots/Pages/hotspots_m
ain.aspx and a map is found at:
http://en.wikipedia.org/wiki/File:Biodiversity_Hotspots.svg.
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Metrics:
Computation:

The Global 200 are ecoregions with conservation priority, identified by WWF
(Olson and Dinerstein, 1998). The list includes all types of habitats, not
necessarily marine areas or deltas. A list of the ecoregions is found at:
http://wwf.panda.org/about_our_earth/ecoregions/ecoregion_list/ and a map
can be found at: http://assets.panda.org/img/original/ecoregions_map.jpg
In some cases, use is made from descriptions of KBAs, IBAs or Ramsar Sites.
Key Biodiversity Areas KBAs are sites identified as a conservation priority for a
variety of species (not only birds but also mammals, plants, etc.) (Penny F.
Langhammer et al., 2007). The selection is based on quantitative criteria used for
BirdLife's Important Bird Areas (IBAs, see:
http://www.birdlife.org/datazone/sitefactsheet.php?id=8060 ) or Important
Plant Areas (IPAs). Sites are selected using standardized, globally applicable,
threshold-based criteria, driven by the distribution and population of species that
require site-level conservation. The criteria address two key issues for site
conservation: vulnerability and irreplaceability. In some cases an indication is
given of potential threats, mainly related to land use.
Ramsar sites resort under the Convention on Wetlands (Ramsar Convention), an
intergovernmental treaty that embodies the commitments of its member
countries to maintain the ecological character of their Wetlands of International
Importance. The principle of "wise use", or sustainable use applies. Ramsar is not
affiliated with the United Nations system of Multilateral Environmental
Agreements.
A map with Ramsar sites is found at:
https://www.ibatforbusiness.org/map and also at:
http://ramsar.wetlands.org/Database/SearchforRamsarsites/tabid/765/Default.a
spx
MAB- Reserves are assigned to existing protected areas by UNESCO. These
reserves are not covered by any one international convention and instead form
part of the UNESCO Man and the Biosphere (MAB) Programme. The protected
areas do not necessarily protect unique or important areas, and may exhibit a
variety of objectives including research, monitoring, training and demonstration,
as well as conservation. A characteristic is the sustainable use of the protected
area, in which human presence and use of resources is promoted. A map and list
of the MAB-sites is found at: http://www.unesco.org/mabdb/bios1-2.htm. In
some cases areas are named as ‘biosphere reserve’, but not included in the
UNESCO list, in those cases the list is misleading.
Protected area encompasses a number of protection categories, however, the
most formal protection relevant for biodiversity is IUCN category 1-2. Category 1
is based on its importance for Science, in particular for areas of land and sea
possessing outstanding or representative ecosystems, geological or physiological
features and/or species, available primarily for scientific research and/or
environmental monitoring, also wilderness protection for large, unmodified or
slightly modified areas, with the aim of preserving their natural condition.
Category 2 includes ecosystem protection and recreation, to protect the
ecological integrity of the ecosystems and to exclude it from exploitation. A map
of protected areas is at: https://www.ibatforbusiness.org/map . A further
description of the conservation categories is found at:
http://www.iucn.org/about/work/programmes/gpap_home/gpap_quality/gpap_
pacategories/
See above
For the ‘Share of Wetlands’, the score 1-5 on the basis of the share of wetlands
compared to the total delta area (in %) is given below the table of results. The
GLWD- 3 distinguished 12 ‘wetland classes’, which are all given equal weight in
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Units:

the calculation of the fraction of the delta classified as wetlands. In a few cases a
correction was done for the share of wetlands, where it is known from the
statistical data that they include mostly farming areas (e.g. rice paddies or other
farming areas, as is the case for the Hong, Mekong, Senegal and Volta deltas).
For the ‘Ecological value’ we combined the six criteria mentioned above. All
these six criteria were simply scored with 1 (or 0.5 in the case that only for a
small part of the area the criterion applied) and added together to determine the
score for the ecological value.
The ‘Environmental threat’ is based on an inventory of the threats per delta
ecosystem. Some 27 threats are cross-tabulated; the information is based on the
descriptions as available for the Biodiversity Hotspots and Global 200 areas (see
above and meta data sheet). In few cases where no information is available for
an area, information is used for adjoining rivers with additional information from
the formal Ramsar site description sheets. The number of threats are scaled in a
1 - 5 points scale.
Next, the Calculated average wetland ecological Value (CV) is determined as the
average of the scores of the share of wetlands and the ecological value. This
results in a value ranging from 0.75 – 4.50.
Subsequently, the Wetland ecological threat indicator is calculated by
multiplying the CV by the number of threats, which resulted in values ranging
from 2 – 17.5. Finally, this value is re-scaled to a scale 1-5, to make it comparable
with the results from the other assessments of the other indicators.
Point scale 1 to 5

Scoring system:

See above.





Limitations:





The problem for some ecological indicators, like the presence of a Ramsar
site or the protection status, is the fact that the assignment of a site on the
official list is a function of political will rather than of ecological criteria alone.
Therefore we combine different ecological indicators, which are partly also
based on objective scientific criteria such as species biodiversity or
ecosystem value. Aberrations will therefore be levelled out.
Depending on two databases is rather limited, and may result in biased
results, particularly since the mentioned threats may not be exhaustive.
Only six deltas are located in a hotspot, some 10 in the Global 200 sites, and
10 contain (one or more) Ramsar sites. For a larger number of deltas there is
no information on threats.
The available data is better in the more developed countries, which may
provide a slight bias e.g. in Europe.
The wetland percentage of deltas is an important indicator for the ecological
value, but it is based on statistics and in some locations (such as the Mekong,
Hong, Senegal and Volta Deltas), the delta is almost fully classified as
wetlands according to the global lake and wetland database, while it is
known that large proportions of these deltas are used as agricultural area.
Some correction of the wetland share and the combination of this indicator
with the ecological indicator leads to a balanced result.
The environmental threats are based on descriptions of deltas, rivers, and
regions which differ in scale, author, and ecosystem. The purpose of the
descriptions differed as well as the year of description. This makes the source
data rather diverse, and therefore the threats are difficult to compare for
each delta. A more extensive review of all threats would be required for each
delta to ensure that the descriptions are more homogeneous and
comparable.
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Spatial Extent:

26 deltas

Spatial Resolution:

Not applicable
References
Myers, N., Mittermeier, R.A., Mittermeier, C.G., da Fonseca, G.A.B., Kent, J.,
2000. Biodiversity hotspots for conservation priorities. 403, 853-858.
Olson, D.M., Dinerstein, E., 1998. The Global 200: a representation approach to
conserving the Earth’s most biologically valuable ecoregions. Conservation
Biology 12, 502-515.

Year of Publication:

Penny F. Langhammer, Mohamed I. Bakarr, Leon A. Bennun, Thomas M. Brooks,
Rob P. Clay, Will Darwall, Naamal De Silva, Graham J. Edgar, Güven Eken, Lincoln
D.C. Fishpool, Gustavo A.B. da Fonseca, Matthew N. Foster, David H. Knox, Paul
Matiku, Elizabeth A. Radford, Ana S.L. Rodrigues, Paul Salaman, Sechrest, W.,
Tordoff, A.W., 2007. Identification and gap analysis of key biodiversity areas:
targets for comprehensive protected area systems. IUCN, Gland, Switzerland.
See also references to internet sites ‘Description’

Time Period:
Additional Notes:
Date:
Format:
File Name:
Contact person:
Contact details:

20 June 2014
Metadata sheet Wetland ecosystem indicator
Wim van Driel
Wim.vandriel@wur.nl
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Delta Vulnerability: Population pressure
Title:
Indicator Number:
Cluster:
Rationale:
Links :
Description:
Metrics:

Computation:

Units:
Scoring system:

Population pressure Indicator
20
Deltas
High population pressure poses challenging demands on delta resources, such as
demands for freshwater, fertile soils, space and ecosystem regulation functions.
The indicator can be important for Groundwater
Population pressure index is a relative measure on a scale of 1 to 5 based on the
average number of people per square km.
See below
CIESIN (Center for International Earth Science Information Network) holds global
data sets on population ( http://sedac.ciesin.columbia.edu/data/collection/gpwv3 )
The Gridded Population of the World (GPWv3) depicts the distribution of human
population across the globe. This is a gridded, or raster, data product that
renders global population data at the scale and extent required to demonstrate
the spatial relationship of human populations and the environment across the
globe. The data contains a projection of the amount of people living in each 2.5
arcseconds gridcell in the year 2010, based on census data of the year 2000 with
an extrapolation.
These data are combined with the defined extent of the deltas to calculate the
average population density per delta. First, the population in all 2.5 arcsecond
cells that have their centroids within the polygons of the deltas are summed.
Subsequently an average population density is calculated using the area of the
delta.
The average number of people per square km is translated into a 5 point scale
from very low to very high.
See above


Limitations:

Spatial Extent:




The population pressure index quantifies the average population density
in the delta. There is however no information on heterogeneity within
the delta. It could however make a difference whether people are living
together in some very dense cities, or are more or less spread over the
total area.
Similarly, the elevations where people live are not taken into account
The vulnerability is to a large extent also dependent on the quality of
housing, which is very much dependent on the income of the
populations, which is not taken into account in this indicator

26 deltas

Spatial Resolution:
Year of Publication:
Time Period:

2010

Additional Notes:
Date:
Format:
File Name:

24 June 2014
Metadata sheet Population Pressure Indicator
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Contact person:
Contact details:

Wim van Driel
Wim.vandriel@wur.nl
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Delta Vulnerability: Delta governance indicator
Title:

Delta Governance Indicator

Indicator Number:
Cluster:

21
Deltas / Delta Vulnerability Index
In addition to governance issues in river basins, the Delta Governance Indicator
signifies how the different countries score on governance of the delta. Therefore
three key principles will be used: adaptivity, participation and fragmentation. The
reason for those key principles lies with the definition of Governance. Adaptivity
is how a contemporary state adapts to its economic and political environment
with respect to how it operates. Participation focuses on transparency,
accountability and participation (TAP) and can be used to analyse institutional
performance as well as how stakeholders behave and relate to each other. Finally
fragmentation is also said to be a necessary and to some extent unavoidable
structural characteristic and quality of global governance16 architectures in and
beyond the environmental domain. It creates opportunities for further
development of environmental policies through policy innovation, consensus
building and negotiations.

Rationale:

Links :
Description:

Metrics:

Computation:

Units:

16

Governance of the delta may be relevant to LMEs and coastal aquifers.
The Delta Governance Indicator measures how the different countries score on
governance of the Delta
The Institutional Profiles Database (IPD) provides an original measure of the
institutional characteristics of countries through composite indicators from
perception data. The database was designed in order to facilitate and stimulate
research on the relationship between institutions, long-term economic growth
and development.
- The 2012 edition of the database follows on from the 2001, 2006 and
2009 editions.
- It covers 143 countries and contains 130 indicators.
- The edition of the IPD is a result of a collaboration between the French
Development Agency (AFD) and the Directorate General of the Treasury
(DG Tresor). The perception data needed to build the indicators were
gathered through a survey completed by country/regional Economic
Services of the Ministry for Economy and Finance and the country AFD
offices. The Centre for Prospective Studies and International Informative
(CEPII) and the University of Maastricht are partners in this project.
Each indicator is based on different sub-indicators. Each sub-indicator has the
same factor, which means that all the sub-indicators combined and divided by
the total sub-indicators.
All the countries that lie in the same delta are also combined and divided by two.
It is important to stress here that the DCU factor is used for combining the
countries.
Score 1-5 Very weak – Very strong

Isailovic, M., O. Widerberg,. P. Pattberg. (2013). Fragmentation of Global Environmental Governance
Architectures. IVM Institute for Environmental Studies. Amsterdam
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Risk categorization

Limitations:

Should describe how and why the indicator scores are assigned to 1 of 5 risk
categories. Should include table with proportion and number of basins and BCUs
in each risk category.
 Including issues which may not be covered by the indicator, as well as any
cautionary notes in interpreting the results.
 They may also be seen as ‘challenges’ which still need to be addressed.

Year of Publication:
Time Period:
Date:
Format:
File Name:
Contact person:
Contact details:

2013.
The 2012 edition of the database follows on from the 2001, 2006 and 2009
editions.
31/07/2015
Microsoft Excel
Gerald Jan Ellen / Cees van de Guchte (Deltares)
geraldjan.ellen@deltares.nl
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