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1. Introduction
Under the framework of  the “Monitoring and Evaluation of  the Water sector in North Africa “ 
(MEWINA ) project, a rigorous assessment of  water resources and all water related aspects for North-
African Ministerial Council On Water(N-AMCOW) will be continuously required so that the project lives 
up to its name, and present a complete monitoring and evaluation effort. An up to date State of  the Water 
Report will be expected biannually on the National, regional, and Shared Basins/ Aquifers Levels. 

The Regional “State of  the Water” Reporting in the N-AMCOW (North –African Ministerial Council on 
Water) Region was preceded by many important steps including the development of  adequate indicators 
and harmonizing such indicators with nationally existing indicators in the MEWINA countries and also 
continental and globally acclaimed indicators. A comprehensive capacity building for State of  the Water 
Reporting followed the harmonization process where consensus was reached on the approaches and 
methodologies to assess, measure, and report on all indicators, which in turn lead to the development 
of  the National State of  the Water Reports. The Regional State of  the Water Report presents a regional 
overview of  the outputs of  the whole State of  the Water Reporting process, while the Shared Aquifer/ 
Basin state of  the Water reports cater to the Basin/ Aquifers of  interest as a separate Unit, with 
surrounding factors related to its riparian countries fully considered.

This report will tackle the different methodologies to assess all N-AMCOW Region State of  the Water 
indicators on the National, Regional, and Basin/ Aquifer Level.
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2. Continental Target Indicators (AMCOW Pan-African M&E 
System)

This chapter will focus on continental target indicators set by AMCOW for annual reporting to the African 
Union. The seven AMCOW themes and their different categorizes of  indicators will be presented below, 
along with the set of  indicators under each category. Certain difficulties that may hinder the reporting 
process will be showcased. Also, there may be cases where the target is unachievable, which will also be 
shown.  It should be well noted that the following target indicators should be under revision by AMCOW 
in response to the difficulties and infeasibilities reported by African countries. 

2.1. Water Infrastructure for Economic Growth 

2.1.1. Water and Energy

This category has a target to “Increase hydropower utilization by 10% from 2000 to 2015”, which is 
strongly debatable because it sets a fixed percentage that all African countries should supposedly achieve 
without putting in mind the different circumstances in each country , and most importantly, without 
considering the fact that in transboundary water bodies, the increase in hydropower utilization in one 
country could possibly jeopardize the resources and/or the opportunities of  riparian countries.   

This category has four indicators to monitor the progress of  the target which are:
•	 Economically feasible hydropower Potential (P): this indicator is as arguable as the target of  this 

category; it also doesn’t consider the negative transboundary impacts that may arise from countries 
pushing its hydropower utilization to the maximum. Moreover, there are also countries where the 
potential is not available. 

•	 Installed hydropower capacity (C):  In the future, it is highly anticipated that this indicator evolves to 
be  “Basin-Agreed Installed Hydropower Capacity”.   Installed Capacity should be approved basin-
wide to ensure it’s not affecting installed hydropower in other parts of  a river basin.  

•	 Hydropower utilization (HpuI = C/P)
•	 Rate of  increase  RiHpuI (%) = (HpuIi -HpuI2000)/HpuI2000:  while, setting a fixed percentage for 

hydropower utilization is arguable, recording the temporal change in utilization, however, is a good 
practice that could help decision makers make informed decisions. 

2.1.2. Water and Agriculture

This category has the following two targets:

1) Increase the productivity of  Rain fed and irrigated agriculture by 30% from 2000 to 2015.

2) Increase the size of  irrigated areas by 50% from 2000 to 2015. 

While the first target could be more realistic if  the specified percentage corresponds to the whole 
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continent rather than each country, the second target clearly promotes irrigated agriculture as a better 
alternative to rain fed agriculture. 

The indicators associated with this category are as follows:
•	 Agricultural GDP (109 USD) (A): 
•	 Total Agricultural Water withdrawal (109 m3)(B) 
•	 Water Return to Environment (C):, 
•	 Water productivity (USD/m3) (Wp=A/(B-C)): 
•	 Rate of  increase RiWp (%) = (Wpi-Wp2000)/Wp2000-Irrigated areas (IA): It is anticipated that the 

indicator evolves to include rain-fed areas. 
•	 Rate of  increase RiIA (%) = (IAi-IA2000) /IA2000 

2.1.3. Water for multiple uses

This category has a target to “Increase the Water Demand Satisfaction Index (WDSI) by 10% from 
2000 to 2015”, the level at which the total country water demand is satisfied. For a given year, the Rate 
of  increase the Water Demand Satisfaction Index (RiWDSI) is (in %) the incremental value of  the 
WDSI from its 2000 value. This incremental value reflects country efforts to mobilize conventional and 
nonconventional water resources to satisfy demand in all sectors.

This category has four indicators to monitor the progress of  the target which are:
•	 Total all sectors Water Demand (A):  Defined as The minimum water requirements to satisfy the per 

capita water share based on the water scarcity limit of  1000 m3/cap/yr.  Achieving that limit may be 
currently too ambitious for North Africa where the per capita share in some countries is two orders 
of  magnitude less than 1000. 

•	 Total all sectors water supply (B)
•	 WDSI =B/A
•	 Rate of  increase RiWDSI (%) = (WDSIi -WDSI2000)/ WDSI2000)

2.2. Managing and Protecting Water Resources

2.2.1. Basin and Transboundary Water Resources Management

This category has a target to “Develop a national Water Efficiency Plan by 2015”, which among other 
reservations contradict with its title that doesn’t suggests transboundary cooperation rather than a 
“national” plan.  The Pan African Monitoring and Evaluation Guidelines define the National Efficiency 
Plan as “A national strategy that identifies the priority steps that must be taken to reform the water 
management system to meet IWRM principles. It may suggest changes to national policy, the legislative 
framework, financing structure, organisational framework, and a range of  management tools. It should 
set out a sequence of  actions over a specific time frame to transform existing practices to more sustainable 
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ones (GWP definition). This strategy might also be called IWRM Plan or any other name, and must 
provide clear overview of: (i) the Policy and legal environment, (ii) the institutional arrangements, (iii) 
the financing structure, and (iv) the Management tools, of  the national water resources management”.  
It is clear that the definition doesn’t have any reference to transboundary issues, which confirms the 
inadequacy of  its title, unless all the discussed measures are meant to be in a transboundary context, 
including a transboundary IWRM plan for a each group of  countries that share a water source. The sole 
indicator associated with this category  is “Availability of  Water Efficiency or IWRM Plan and Year of 
Adoption”.  An IWRM plan is defined as a national plan dedicated entirely to water resources, with more 
than 3 entities involved, and with all water use sectors addressed. 

2.2.2. Rain Water

This ambiguously titled category has a target to “Increase the share of  rainwater use in total municipal 
water consumption up to 10% by 2015”  which apparently supports rainwater harvesting on condition 
that the collected rainwater has to be directed to the municipal sector. While, expansion in rainwater 
harvesting could be an option in some of  the North African countries that are the subject of  this report, 
the target could be too ambitious for such countries due to the relatively limited rainfall compared to the 
majority of  other African countries. 

This category has the following indicators:
•	 Total municipal water supply (A)
•	 Rainwater use (B): The Pan African Monitoring and Evaluation guidelines define this indicator as 

“Total amount of  rainwater used in the country by businesses and residential”. Moreover, the same 
guidelines identify household surveys and industry records as potential data sources for this indicator.  

•	 Water use from other sources (C): this indicator traces the amounts of  water used by the municipal 
sector from sources other than the official water suppliers. While some of  these other sources could 
be officially permitted wells in rural areas, many of  these other sources could be unofficial. 

•	 Total municipal water consumption (%) (Twc = A+B+C)
•	 Percentage of  rainwater use (pRu) (%) = B/Twc

2.3. Achieving the Water and Sanitation MDGs

This theme has an overall target to “Reduce by 50% from 1990 to 2015, the proportion of  the population 
without improved drinking water source, and the proportion without improved sanitation facility” which 
is a slightly rephrased version of  the original Water Millennium Development Goal declared in the UN 
General Assembly in September 2000. For both water supply and sanitation there are four indicators, 
these are: urban coverage, rural coverage, total coverage, and the rate of  inaccessibility reduction rate 
which shows the progress made in achieving the water MDG goal in any given year compared to 1990. 

As for the post 2015 period, the global attention will shift to the “Sustainable Development Goals” 
(SDGs), Goal 6 and its sub-goals deal with sustainable Management of  Water and Sanitation for all as 
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follows: 

Goal 6. Ensure availability and sustainable management of  water and sanitation for all

6.1. by 2030, achieve universal and equitable access to safe and affordable drinking water for all

6.2. by 2030, achieve access to adequate and equitable sanitation and hygiene for all, and end open 
defecation, paying special attention to the needs of  women and girls and those in vulnerable 
situations

6.3. by 2030, improve water quality by reducing pollution, eliminating dumping and minimizing 
release of  hazardous chemicals and materials, halving the proportion of  untreated wastewater, 
and increasing recycling and safe reuse by x% globally

6.4. by 2030, substantially increase water-use efficiency across all sectors and ensure sustainable 
withdrawals and supply of  freshwater to address water scarcity, and substantially reduce the 
number of  people suffering from water scarcity

6.5. by 2030 implement integrated water resources management at all levels, including through 
transboundary cooperation as appropriate

6.6. by 2020 protect and restore water-related ecosystems, including mountains, forests, wetlands, 
rivers, aquifers and lakes

6.a. by 2030, expand international cooperation and capacity-building support to developing 
countries in water and sanitation related activities and programmes, including water harvesting, 
desalination, water efficiency, wastewater treatment, recycling and reuse technologies

6.b. support and strengthen the participation of  local communities for improving water and 
sanitation management.

2.4. Global Changes and Risk Management

2.4.1. Adaptation to Climate Change

The target of  this category is to “Develop and implement, at least 1 Climate Change Adaptation Strategy 
by 2015” with one indicator that comes in the following three forms:
•	 Existence of  a National Climate Change Adaptation Strategy and Year of  adoption
•	 Existence of  a Actions Plans on Water for Climate Change resilience-
•	 Existence of  Programmes for implementing the Actions plans
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2.4.2. Water-related Hazards

The target of  this category is to “Establish at least 1 Early warning System for disaster prevention at 
national level by 2015.” With a sole indicator which is “Existence of  Early Warning Disaster prevention 
System and Year of  establishment”. 

2.5. Governance and Management

The governing target of  this theme is to “Institute/update, by 2015, water sector policy reforms that reflect 
good governance principles of: (i) partnership commitment; (ii) ethics -transparency, equity and fairness; 
(iii) responsibility and accountability; (iv) inclusiveness, participation, predictability and responsiveness; 
and (v) coherence”. The theme has five categorizes that will be supposedly monitored and evaluated 
through one general indicator.  The five categorizes are: 
1.	 Institutional arrangements
2.	 Ethics, transparency, empowerment
3.	 Public and private roles
4.	 Right to water
5.	 Regulatory approaches

The sole indicator that has been chosen to be the tool to measure governance is “	 Existence of 
Water sector policy that reflects good governance principles and Year of  latest update”.  The term “good 
governance”, however may need further elaboration. 

2.6. Financing

2.6.1. Financing Local Authorities

This category has two targets, the first is to “Allocate immediately at least 0.5 % of  GDP to sanitation 
& hygiene” and the second is to “Allocate immediately 5% of  national budget for water & sanitation”. 
While the figures showcased in the target may be suitable for the whole African continent, they may not 
be necessarily representative or accurate for the North African Region. The two performance indicators 
related to this category are as follows: 

•	 Percentage of  GDP to Sanitation and Hygiene
•	 Percentage of  national Budget directed to Water and Sanitation
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2.6.2. Pricing Strategy & Pro-Poor Financing Strategy

The main target of  this category is to” Set by 2015, water tariff  system that addresses cross-subsidy and 
the need of  poor” with the indicators being a detailed tariff  structure and a detailed description of  cross-
subsidy. 

2.7. Education, Knowledge, and Capacity Development

Although, many categories were initially planned for this theme, it has finally been brought down to just 
one category titled “Information” with a target to “Enhance by 2016, the national water and sanitation 
Monitoring, Evaluation and Reporting (M&E, &R)  Systems in a way to be in line with the pan African 
Monitoring and Evaluation”. The sole indicator for this category is “Existence of  national Water and 
Sanitation M&E, & R System, and Year of  Establishment”. 

Table 1 shows the Standard template to be filled annually by the representative institution, the table is 
divided into two parts; a country information sheet simplifying essential country data related to population 
trends and water related policies, and another part for the indicator values and the degree of  achievement 
of  target. 

Table 1. AMCOW Pan-African Reporting Template

Country Background Information Sheet

Country Name: 

Items Information

1.	 Population trends for the 
last 4 years, and GDP. Years

Urban pop.

Rural pop.

Total pop.

GDP (109 USD)

2.	 Basis of the existing water 
sector Policy/

Reform and potential policy 
targets.

3.	 Knowledge of international 
and African Milestones on 
Water and Sanitation.

4.	 Trend of the 3 latest 
reviews in national water 
Policy and Reforms.
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Country Water and Sanitation Performances Evaluation Sheet

Country Name: 

Performance Category Country Information

1-1-Water and Energy

Target: 

Increase hydropower 
utilization by 10% from 
2000 to 2015.

 Achievement:

Years (i)

-Economically feasible hydropower Potential (P)

-Installed hydropower capacity (C)

-Hydropower utilization (HpuI = C/P) (%)

Rate of increase  RiHpuI (%) = (HpuIi -HpuI2000)/
HpuI2000 

1-2-Water and Agriculture

Targets: 

-Increase water productivity 
Rain fed agriculture & 
Irrigation by 30% from 2000 
to 2015.

and

-Increase the size of 
irrigated areas by 50% from 
2000 to 2015

	
Years (i)

-Agricultural GDP (109 USD) (A)

-Total Agri. Water withdrawal (109 m3)(B)

-Water Return to Environment (C)

Water productivity (USD/m3) 
Wp=A/(B-C)

Rate of increase  RiWp (%) = (Wpi-Wp2000)/Wp2000

Years (i)

-Irrigated areas (IA) (103 ha)

Rate of increase  RiIA (%) = (IAi-IA2000) /IA2000

1-3-Water for multiple 
Uses

Target: 

Increase the Water Demand 
Satisfaction Index (WDSI) by 
10% from 2000 to 2015.

	

Years (i)

- Total all sectors Water Demand (109 m3)( (A)

-Total all sectors water supply (109 m3)( (B)

- WDSI =B/A

Rate of increase RiWDSI (%) = (WDSIi -WDSI2000)/ 
WDSI2000)

2.1.	 Basin and Transboundary 
water resources 
management

Target: 
Develop a national Water 
Efficiency Plan by 2015.
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Performance Category Country Information

2.2.	 Not applicable

2.3.	 Not applicable

2.4. Rain water

Target: 

Increase the share of rainwater 
use in total municipal water 
consumption up to 10% by 
2015.

	

Years (i)

-Total municipal water supply(109 m3)( (A)

- Rainwater use (109 m3)( (B)

-Water use from other sources
Desalination (109 m3)( (C)

-Total municipal water consumption  (Twc = A+B+C)

Percentage of rainwater use pRu (%) = B/Twc .

	

3.1.	 Urban Water Supply

3.2.	 Urban Sanitation

3.3.	 Rural Water Supply

3.4.	 Rural Sanitation and 
Hygiene

Target: 

Reduce by 50% from 1990 to 
2015, the proportion of the 
population without improved 
drinking water source, and the 
proportion without improved 
sanitation facility (Urban/Rural 
/Total).

Years (i)

Access rate are not differentiated for the urban 
and rural

-Total access (%) (W)

Rate of Inaccessibility reduction for water
IRwat (%) = (Wi-W1990)/(100-W1990)

	

Years (i)

Access rate are not differentiated for the urban 
and rural

-Total access (%) (S)

Rate of Inaccessibility reduction for sanitation
IRsan (%) = (Si-S1990)/(100-S1990)

4.1.	
Adaptation to Climate Change
Target: 
Develop and implement, 
at least 1 Climate Change 
Adaptation Strategy by 2015.

4.2.	  Water-related Hazards

Target: 
Establish at least 1 Early 
warning System for disaster 
prevention at national level 
by 2015.
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Performance Category Country Information

5.1.	 Institutional arrangements

5.2.	 Ethics, transparency, 
empowerment

5.3.	 Public and private roles

5.4.	 Right to water

5.5.	 Regulatory approaches

Target: 
Institute/update, by 2015, 
water sector policy reforms 
that reflect good governance 
principles of: 
(i) partnership commitment; 
(ii) ethics -transparency, 
equity and fairness; 
(iii) responsibility and 
accountability; (iv) 
inclusiveness, participation, 
predictability and 
responsiveness; and (v) 
coherence.

6.1.	 Financing Local Authorities

Targets: 

-Allocate immediately 
at least 0.5 % of GDP to 
sanitation & hygiene.

and

 -Allocate immediately 5% 
of national budget for water 
& sanitation.

 Achievement for GDP allocation:

Years (i)

- GDP (A1) (109 US $)

- Sanitation and Hygiene Budget (B1) (109 US $)

Percentage of GDP to Sanitation and Hygiene
gdpSH (%) = B1/A1

 Achievement for national budget allocation:

Years (i)

- Total National Budget (A2) (109 US $)

- Water and Sanitation Budget (B2) (109 US $)

Percentage of national Budget to Water and 
Sanitation BdgWS (%) = B2/A2

xxxx xxxx xxxx xxxx

 Sources  of verification and Specific comments:
Water resources Ministry  (Planning and economic affairs Direction)

7.1.	Education and capacity 
development

Target: 
To be identified.
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Performance Category Country Information

7.2.	Information

Target: 
Enhance by 2016, the 
national water and 
sanitation Monitoring, 
Evaluation and Reporting 
(M&E, &R) Systems in a way 
to be in line with the pan 
African M&E.

 Specific actions taken so far for  the milestone:

- Items Year 1 Year 2 Year 3 2011

-New Elements 
incorporated xxxx xxxx xxxx xxxx

-Drivers xxxx xxxx xxxx xxxx

7.3.	Water and Technologies

Target: 
To be identified.

7.4.	Professional Networks/ 
Associations

Target: 
To be identified. 
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3. National SOW indicators, Definitions, and Assessment 
Methodology

This chapter presents the different indicators definitions and Assessment methodology. The overall 
assessment methodology will vary according to unique characteristics of  each country; the general 
assessment methodology will be presented in this section.  Moreover, for 12 indicators a rigorous 
assessment methodology developed by Wim Bastianssen (UNESCO-IHE, 2014) using earth observation 
methodologies such as Remote Sensing and Geographical Information systems (GIS) will be presented 
in section 4.

3.1. Water & Availability

The indicators under this category are as follows:

•	 Annual Spatially Averaged  Precipitation Depth: Average precipitation over space  in depth 

•	 Annual Precipitation Volume: Average Precipitation over space in volume, it is the product of  the 
Annual Average Precipitation Depth and the Effective Rainfall area. 

I. Blue Water

The term “Blue Water” referrers to all Surface and groundwater resulting from natural hydrological 
processes, and are voluntarily abstracted by different water use sectors, the term also applies to stored 
masses of  water directly consumed by ecological systems. 
a)	 Internal Renewable Blue Surface Water (IRSW): The amount of  precipitation that is neither 

beneficially abstracted by the green cover , nor infiltrated in the ground, but flows overland and 
routed through channels or joins bigger water bodies. 

b)	 Internal Renewable Blue Groundwater (IRG):  Groundwater Recharge is the total volume of 
water entering underground sources of  water (typically aquifers) within a country’s borders from 
endogenous (internal) precipitation and surface water flow (FAO) 

c)	 Total Internal Renewable Blue Water Resources (TIRBWR)=(IRSW+IRG):  Annual flow 
of  rivers and recharge of  aquifers generated from endogenous precipitation. Double counting of 
surface water and groundwater resources is avoided by deducting the overlap from the sum of  the 
surface water and groundwater resources. (FAO)

d)	 External Surface Water Inflow (ESWI):   That part of  the country’s annual renewable surface 
water resources that are not generated in the country. It includes surface inflows from upstream 
countries, and part of  the water of  border lakes and/or rivers without human influence 

e)	 External Surface Water Outflow (ESWO):  Annual quantity of  fresh Surface water leaving the 
country’s boundaries to another country. 

f)	 External  Groundwater Inflow (EGI):   Quantity of  groundwater annually entering the country 
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naturally

g)	 External Groundwater outflow (EGO): Annual quantity of  groundwater leaving the country 
(FAO) 

h)	 Total External Renewable Blue Water Resources (TERBWR)=(ESWI+EGI):  The portion of 
the country’s renewable water resources which is not generated within the country (FAO). 

i)	 Total Renewable Blue Surface Water (TRBSW)=(IRSW)+(ESWI)-(ESWO): Is the resultant of 
the internal produced surface water and the transboundary inflows and outflows of  surface water.  

j)	  Total Renewable Blue Groundwater (TRBG)=(IRG)+(EGI)-(EGO):  Is the resultant of  the 
internal produced groundwater and the transboundary inflows and outflows of  groundwater.  

k)	 Overlap between surface water and Groundwater (OSW): Part of  the renewable freshwater 
resources that is common to both surface water and groundwater. It is equal to groundwater drainage 
into rivers (typically, base flow of  rivers) minus seepage from rivers into aquifers. (FAO)

l)	 Total Renewable Blue Water Resources (TRBWR) = (TRBSW) + (TRBG)-(OSW): Is the sum 
of  total renewable blue surface and groundwater excluding the overlap between them. 

m)	Total Exploitable Non-Renewable Ground Water Resources: The annual extractable amount of 
non-renewable groundwater according to a pre specified safe yield that is dictated by a pre-specified 
sustainability period (x number of  years) and a maximum allowable drawdown at the end of  the 
sustainability period. 

n)	 Total Blue Water Resources: The sum of  total Renewable and Non-Renewable Blue Water 
Resources

II. Green Water

The term “Green Water” refers to the portion of  beneficial abstractions of  renewable water resources from 
green cover which comes from atmospheric water directly and is consumed by rain-fed agriculture, natural 
pasture, and forests (AbuZeid, K. (2008)). Sustainable, water-dependent, socio-economic development 
will simply not be possible without taking an integrated perspective on all water-dependent and water 
impacting activities in a river basin and their relative upstream\downstream relations (Falkenmark, 1999).
Total Green water consumptions are divided into: Rain-fed areas consumptions, Pasture areas 
consumptions, and Forest Areas consumptions. For the purpose of  this report the following methodology 
will be used in estimating the total consumption for each of  the three different kinds of  areas that 
collectively represent the total Green Water Consumption: 
 
•	 (R) is a Reference value calculated as the ratio between irrigation withdrawals and the irrigated 

agriculture area in the same country 

•	 Alpha is a coefficient (from 0-1) function of  the prevailing aridity and the plant cover (e.g. 0.2 for 
hyper arid regions, 0.5 for arid regions, 0.7 temperate regions, and 1.0 for tropical areas)

•	 The Rainy Period Coefficient (C) for Rain-fed Agriculture is function of  the rainy months (e.g. 3 
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months is “0.25” of  a year, a value of  “1.0” for 12 rainy months) 

•	 Average Vegetation consumptions for the North African region = Area of  Vegetation * (R) * Alpha 
* Rainy Period Coefficient

a) 	 Water for Rain-fed Agricultural Consumptions: The total amount of  precipitation directly 
consumed by rain fed agriculture. 

b)	 Water for Rain-fed Pasture Consumptions: The total amount of  precipitation directly consumed 
by pasture areas. 

c)	 Water for Rain-fed Forest Consumptions: The total amount of  precipitation directly consumed 
by forests. 

d)	 Total Renewable Green Water Resources: a+b+c

e)	 Total Renewable   Water Resources (TRWR)=(TRBWR+TRGWR)

The Total Renewable Water Resources is hence calculated as the sum of  the total Blue Water described 
in the previous sub-section and the total Green Water.

III. Non-Conventional Water

a)	 Produced Municipal Wastewater (PMW): Annual quantity of  wastewater generated in the country, 
in other words, the quantity of  water that has been polluted by adding waste. The origin is domestic 
use (used water from bathing, sanitary, cooking, etc.) wastewater routed to the wastewater treatment 
plant. It does not include agricultural drainage water, which is the water withdrawn for agriculture but 
not consumed and returned to the system” (Modified from FAO) 

b)	 Produced Industrial Wastewater (PIW): Annual quantity of  wastewater generated in the country, 
in other words, the quantity of  water that has been polluted by adding waste. The origin is industrial 
wastewater routed to the wastewater treatment plant. It does not include agricultural drainage water, 
which is the water withdrawn for agriculture but not consumed and returned to the system” (Modified 
from FAO)

c)	 Treated Municipal and Industrial Wastewater: Quantity of  generated municipal and industrial 
wastewater that is treated in a given year and discharged from treatment plants (effluent).  (Modified 
from FAO)

d)	 Produced Agricultural Drainage (PAD): Total volume of  the water withdrawn for agriculture for 
the first time (First hand) but not consumed and flows out of  the system (modified from FAO). 

e)	 Produced Desalinated Water (PDW): Water produced annually by desalination of  brackish or salt 
water. (Modified from FAO). 

f)	 Total Non-Conventional Water Resources (TNCWR)= (PMW)+(PAD)+(PDW)
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g)	 Total Conventional Water Resources(TCWR)= TRWRR+TNRGR

h)	 Total Potentially Available Water Resources (TAWR) = TCWR+TNCWR

Table 2 shows the indicator assessment methodologies for the “Water & Availability” Indicators Category

Table 2. “Water & Availability” Indicators Assessment Methodology
Indicator Parameter/ 

Unit
Data required Methods of measurement  or computation 

1-1 Annual Average 
Precipitation Depth

mm Rain Gauge Records

Thiessens Polygon method:

Where A is the Effective Area, R: Rainfall Depth , and 
W is the weighted average with respect to distance 
from the guage where each R value was measured

An Earth Observation Based Assessment 
Methodology is presented in section 4

1-2 Annual Average 
Precipitation Volume

BCM/Year Rain Guage Records, Effective 
Areas

Annual Average Precipitation Volume (depth* actual 
rainfall area) (BCM): 
it is the product of the Annual Average Precipitation 
Depth and the Effective Rainfall area (Not necessarily 
the area of the countries)

An Earth Observation Based Assessment 
Methodology is presented in section 4

1-3 Internal 
Renewable Blue 
Surface Water (IRSW)

 Runoff  
(BCM /Year)

-Surface water flows 
-Water levels in the hydrometric 
stations

Sum of annual surface water flows  measured in 
outlets of all hydrological units (watersheds)

An Earth Observation Based Assessment 
Methodology is presented in section 4

I-4 Internal 
Renewable 
Groundwater (IRG)

Groundwater 
recharge, 
Infiltration  
(BCM / Year)

Annual precipitation, Surface 
water flow, outcrops areas, 
infiltration

Modeling , Earth observation tools
An Earth Observation Based Assessment 
Methodology is presented in section 4

1-5 Total Internal 
Renewable Blue 
Water Resources 
(TIRBWR)= 
(IRSW+IRG)-(OSWG)

BCM/Year -Long-term average annual flow 
of rivers 
- Long-term average annual  
recharge of aquifers generated 
from endogenous precipitation

(TIRBWR)=(IRSW+IRG)- (OSWG)

1-6 External Surface 
Water Inflow (ESWI)

 (BCM/Year) -Surface water inflows  to the 
country
-Water levels in the hydrometric 
stations

-ESWI is measured in gauging stations located at the 
entrance of rivers across borders; it concerns surface 
inflows from upstream neighboring country. 
 

1-7 External Surface 
Water Outflow 
(ESWO)

(BCM/Year) -Surface water outflows  from 
the country
-Water levels in the hydrometric 
stations

-ESWO is measured in gauging stations located at 
the exit of rivers across borders, it concerns surface 
outflows to downstream neighboring country.   
 

1-8-External 
Groundwater Inflow 
(EGI)

BCM/Year -Piezometric maps
-Observation wells
-Groundwater models

Estimated from piezometric maps, observation wells 
or modeled through Groundwater models. 
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Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

1-9 External 
Groundwater 
Outflow (EGO)

BCM/Year -Piezometric maps
-Observation wells
-Groundwater models

Estimated from piezometric maps, observation wells 
or modeled through Groundwater models.

1-10 Total External 
Renewable Blue 
Water Resources
(TERBWR)= 
(ESWI+EGI)

BCM/Year ESWI
EGI

(TERBWR)=(ESWI+EGI)

1-11 Total Renewable 
Blue Surface Water 
(TRBSW)= 
(IRSW)+(ESWI)-
(ESWO)

BCM/Year IRSW
ESW I
ESWO

(TRBSW)=(IRSW)+(ESWI)-(ESWO)

1-12 Total Renewable 
Blue Groundwater 
(TRBG)=(IRG)+(EG 
I)-(EGO)

BCM/Year IRG
EG I
EGO

TRBG)=(IRG)+(EG I)-(EGO)

1-13 Overlap 
between surface 
water and 
groundwater (OSW)

BCM/Year -Base flow of rivers
-Seepage from rivers into 
aquifers

It is equal to groundwater drainage into rivers 
(typically base flow of 
Rivers) minus seepage from rivers into aquifers. (FAO)

1-14 Total Renewable 
Blue Water Resources
(TRBWR)= 
(TRBSW)+(TRBG)-
(OSGW)

BCM/Year TRBSW
TRBG
OSGW

(TRBWR)=(TRBSW)+(TRBG)-(OSGW)

1-15Total Exploitable 
Non-Renewable 
Ground Water 
Resources
(TENRGWR)

BCM/Year - Hydrological modeling 
(Physically-Based Distributed 
Models): P records, Soil type 
maps, Land use maps, Irrigation 
and drainage maps, ETP inputs, 
Surface runoff and catchment 
outlets, 
-Recharge of groundwater 
aquifers by precipitation, 
-Satellite imagery.
-Groundwater recharge from 
Surface water flows can either be 
estimated from observation wells 
or modeled through Surface-
Groundwater Coupled models. 

TENRGWR can be estimated by hydrological modeling 
(Physically-Based Distributed Models): P records, Soil 
type maps, Land use maps, Irrigation and drainage 
maps, ETP inputs, Surface runoff and catchment 
outlets, Recharge of groundwater aquifers by 
precipitation, Satellite imagery.
Groundwater recharge from Surface water flows 
can either be estimated from observation wells or 
modeled through Surface-Groundwater Coupled 
models. 
The TENRGWR extractable annually, according to a 
pre specified safe yield, is dictated by a pre specified 
sustainability period (x number of years).

1-16 Total Blue Water 
Resources (TBWR)= 
(TRBWR + TENRBWR)

BMC/Year TRBWR
TENRBWR

(TBWR)= (TRBWR + TENRBWR)

1-17 Water for Rain-
fed Agricultural 
Consumption

BCM/Year -Average Vegetation abstractions 
 -Area of  Rain-fed Vegetation 
-Satellite imagery is currently 
more efficient

-The Reference value is calculated as the ratio 
between irrigation abstractions and the area for the 
corresponding land use (R). 
-Alpha is a function of the prevailing aridity and the 
plant cover (an average value of 0.7 may be assumed 
for crops in temperate to arid regions )
-The rainy period for the Natural vegetation land use 
is then identified (say 3 months, i.e. (0.25) year)  
-Average Vegetation abstractions = Area of 
Vegetation * (R) * (0.7) * (0.25)
-Satellite imagery is currently more efficient
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Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

1-18 Water for 
Rain-fed Pasture 
Consumption

BCM/Year -Average Pasture  Vegetation 
abstractions 
 -Area of Pasture Vegetation 
-Satellite imagery is currently 
more efficient

-Average Vegetation abstractions = Area of 
Vegetation * (R) * (0.7) * (0.25)
-Satellite imagery would be more efficient

1-19  Water for 
Rain-fed Forest 
Consumption

BCM/Year -Average Forest Vegetation 
abstractions 
 -Area of Forest Vegetation 
-Satellite imagery is currently 
more efficient

-Average Vegetation abstractions = Area of 
Vegetation * (R) * (0.7) * (0.25)
-Satellite imagery would be more efficient

1-20 Total Renewable 
Green Water 
Resources  
(TRGWR)

BCM/Year -Total Average Vegetation 
abstractions 
 -Total Area of Vegetation 
-Satellite imagery 

TRGWR = Total amount of precipitation directly 
consumed by rain fed agriculture, pasture and forests 
areas

1-21 Total Renewable 
Water Resources 
(TRWR)= 
(TRBWR+TRGWR) 

BCM/Year -Sum of the total Blue Water 
-Sum of the total Green Water.

(TRWR)=(TRBWR+TRGWR)

1-22 Total 
Conventional Water 
Resources (TCWR) = 
(TRWR+TNRGWR) = 
(TBWR+ TGWR)

BCM/Year -Sum of the Renewable Water 
Resources
-Sum of the Non Renewable 
Water Resources
- Sum of the Blue Water 
Resources
-Sum of the Green water 
Resources.

(TCWR) = (TRWR+TNRGWR)= (TBWR+ TGWR)

1-23 Produced 
Municipal 
Wastewater  (PMW)

BCM/Year -Domestic use (used water 
from bathing, sanitary, cooking, 
etc.) wastewater routed to the 
wastewater treatment plant.
-Domestic use wastewater not 
routed to the Waste Water 
Treatment Plant (WWTP).

-Measurement for municipal wastewater routed to 
WWTP
- Measurement for municipal wastewater not routed 
to the WWTP.

1-24 Produced  
Industrial 
Wastewater (PIW)

BCM/Year -Industrial use wastewater 
routed to the wastewater 
treatment plant.
-Industrial use wastewater not 
routed to the WWTP.

-Measurement for industrial wastewater routed to 
the WWTP.
- Measurement for industrial wastewater not routed 
to the WWTP.

1-25 Produced 
Agricultural Drainage 
(PAD)

BCM/Year -Volume of water withdrawn for 
agriculture
-Volume of water flowing out of 
the system

Total volume of the agricultural water flowing to the 
drainage network

1-26 Produced 
Desalinated Water 
(PDW)

BCM/Year -Water produced annually by 
desalination of brackish
Water
- Water produced annually by 
desalination of salt water

-Water produced annually by desalination of brackish
Water
- Water produced annually by desalination of salt 
water

1-27 Total Non-
Conventional Water 
Resources (TNCWR)=  
(PMW)+(PIW)+ 
(PAD)+(PDW)  

BCM/Year PMW,
PIW,
PAD,
PDW  

(TNCWR)= (PMW)+(PIW) +(PAD)+(PDW)  
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Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

1-28 Total Available 
Water Resources 
(TAWR)= 
(TCWR)+(TNCWR)

BCM/Year TCWR
TNCWR

(TAWR)= (TCWR)+(TNCWR)

3.2. Water & Uses

The indicators under this category are listed below:

a)	 Annual Total water withdrawal: The gross amount of  water extracted from all sources, either 
permanently or temporarily, for all uses. It can be either diverted towards distribution networks or 
directly used. It includes consumptive use, conveyance losses, and return flow” “modified from Earth 
Trends’

b)	 Withdrawals by the Domestic sector: Total annual volume of  water withdrawals used for domestic 
purposes. 

c)	 Withdrawals by the Industrial sector: Total annual volume of  water withdrawals used for industrial 
purposes. 

d)	 Withdrawals by the Agricultural sector: Total annual volume of  water withdrawals used for 
industrial purposes. 

e)	 Agricultural Consumption from Green Water: The total volume of  green water annually consumed 
by rain-fed agriculture. 

f)	 Total Agricultural Water Use: The total annual volume consumed by both rain-fed and irrigated 
agriculture. 

g)	 Withdrawals from Blue Surface water: Annual gross amount of  water extracted from rivers, lakes 
and reservoirs. It includes withdrawal of  primary renewable surface water resources and secondary 
freshwater sources (water previously withdrawn and returned).” (FAO) 

h)	 Withdrawals from Blue Groundwater: Total abstractions from groundwater sources, including 
nonrenewable sources per year  

i)	 Withdrawals from Blue Renewable Groundwater: Total annual volumes abstracted from renewable 
resources.  

j)	 Withdrawals from Blue Exploitable Non-renewable Groundwater: Total annual volumes 
abstracted from non-renewable resources, namely, fossil groundwater.  

k)	 Total withdrawals from Blue Water: h+i+j

l)	 Agricultural Drainage Water Reuse: The total volume of  agricultural drainage that is returned 
back to the system through reuse. 

m)	Withdrawals from Desalinated Water: The Total Volume of  Water actually desalinated in a given 
year. 
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n)	 Reused Treated Municipal Wastewater: Quantity of  Municipal treated wastewater that is reused 
in a given year. 

o)	 Reused Treated Industrial Wastewater: Quantity of  treated Industrial wastewater that is reused in 
a given year. 

p)	 Withdrawals from non-conventional resources: Total volumes abstracted annually from water 
resources other than surface and groundwater, namely,  treated wastewater, reused Agricultural 
Drainage, and desalinated sea water

q)	 Annual Volume of  Total Actual Evapotranspiration: Equal to the total renewable green water 
resources

r)	 Green Water Consumption for livestock Fodder Water Use: Is the total volume of  green water 
consumed by livestock, could be calculated by identifying the average number of  heads for each kind 
of  livestock and the average annual consumption per head, and calculating the sum of  the products 
of  the number of  heads and average annual consumption for each type. 

s)	 Inland Fisheries and Aquaculture Demands: The Total Volume of  Water used for Inland Fisheries 
and Aquaculture. 

t)	 Navigation demands: The Total Volume of  Water Reserved for Inland Navigation. 

u)	 Evaporation Losses: The total Volume of  Water lost by Evaporation. 

v)	 Bottled Water Production:  The Total volume of  Water bottled for the purpose of  commercial sale. 

w)	 Water Demand for Environmental Uses: The Total volume of  water used to sustain and preserve 
ecological systems. 

x)	 Withdrawals for Oil and Gas Water Use: The total annual volume withdrawn for Oil and Gas 
Water use.  

Table 3 shows the indicator assessment methodologies for the “Water & Uses” category. 

Table 3. Indicator assessment methodologies for the “Water & Uses” category
Indicator Parameter/ 

Unit
Data required Methods of measurement  or computation 

2-1 Withdrawals for 
Domestic Water Use

BCM/Year Different  annual volumes of water 
withdrawals from all sources, used for 
domestic purposes

Annual allocations and Abstractions to be 
reported by the Ministry in Charge in each 
country

2-2 Withdrawals for 
Industrial Water Use 

BCM/Year Different  annual volumes of water 
withdrawals from all sources, used for 
industrial purposes

Annual allocations and Abstractions to be 
reported by the Ministry in Charge in each 
country

2-3 Withdrawals for 
Agricultural Water 
Use 

BCM/Year Different annual volumes of water 
withdrawals from all sources, used for 
agricultural purposes TAWW

Annual allocations and Abstractions to be 
reported by the Ministry in Charge in each 
country

2-4 Annual Total 
Water withdrawals

BCM/Year -Water extracted annually from all sources 
for all uses (from Blue surface water, from 
Blue Groundwater, from Green water, from 
NRGW, from NCWR, for Domestic sector, 
Industrial sector, and Agricultural sector.
-It includes: 
consumptive use, conveyance losses, and 
return flow

-Water extracted annually from all sources 
for all uses.
-It includes consumptive use, conveyance 
losses, and return flow
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Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

2-5 Green Water 
Consumption for 
Agriculture Water Use 

BCM/Year Total volume of green water annually 
consumed by rain fed agriculture
TAGWC

The total volume of green water annually 
consumed by rain fed agriculture
TAGWC

2-6Total Agricultural 
Water Uses

BCM/Year TAWW+TAGWC TAWW+TAGWC

2-7 Withdrawals from 
Blue Surface water

BCM/Year Annual gross amount of water extracted 
from rivers, lakes, dams and reservoirs. It 
includes 
-withdrawal of primary renewable surface 
water resources 
-and secondary freshwater sources (water 
previously withdrawn and returned)

Annual allocations and Abstractions to be 
reported by the Ministry in Charge in each 
country.

2-8 Withdrawals 
from Blue Renewable 
Groundwater

BCM/Year Total annual abstractions from renewable 
groundwater sources

Total annual abstractions from groundwater 
sources (Flow measurement, satellite 
imagery)

2-9 Withdrawals from 
Blue  Non-Renewable 
Groundwater

BCM/Year Total annual volumes abstracted from non-
renewable resources

 (Flow measurement, Observation wells)

2-10 Total 
Withdrawals from 
Blue Water 

BCM/Year -  Withdrawals from Blue Surface water 
- Withdrawals from Blue Renewable 
Groundwater 
- Withdrawals from Blue  Non-Renewable 
Groundwater

Total volumes of:
- Withdrawals from Blue Surface water 
- Withdrawals from Blue Renewable 
Groundwater 
- Withdrawals from Blue  Non-Renewable 
Groundwater
(Flow measurement)

2-11 Agricultural 
Drainage Water Use 

BCM/Year The total volume of agricultural drainage 
that is returned back to the system through 
reuse 

The total volume abstracted and Reused 
from Agricultural Drains, to be reported by 
the Drainage authority in charge. 

2-12 Withdrawals 
from Desalinated 
Water 

BCM/Year Total volume of water actually desalinated 
in a given year

Reports from desalination plants. 

2-13 Total 
Withdrawals from 
Non-Conventional 
Water Resources

BCM/Year -Total volumes abstracted annually from 
treated wastewater 
- Total volumes abstracted annually from 
desalinated sea water

Total volumes abstracted annually from 
treated wastewater and desalinated sea 
water

2-14 Annual Volume 
of Total Actual 
Evapotranspiration

BCM/Year Precipitation Records
Climatic inputs
Earth Observation tools

An Earth Observation Based 
Assessment Methodology is 
presented in section 4

2-15 Green Water 
Consumption for 
Livestock Fodder 
Water Use

BCM/Year -the average number of heads for each 
kind of livestock
- the average annual consumption per 
head, 
-the sum of the products of the number of 
heads and average annual consumption for 
each type.

Total volume of green water consumed by 
livestock, could be calculated by identifying 
the average number of heads for each 
kind of livestock and the average annual 
consumption per head, and calculating the 
sum of the products of the number of heads 
and average annual consumption for each 
type.

2-16 Inland Fisheries 
and Aquaculture 
Demands

BCM/Year Total Volume of water Allocated for Inland 
Fisheries and Aquaculture Demands

Reports from the Water Allocation Authority

2-17 Navigation 
demands

BCM/Year Total Volume of water Allocated for 
Navigation Demands

Reports from the Water Allocation Authority

2-18 Evaporation 
Losses

BCM/Year Precipitation Records
Climatic inputs
Earth Observation tools

An Earth Observation Based 
Assessment Methodology is 
presented in section 4
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Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

2-19 Bottled Water 
Production

BCM/Year Total volume of water bottled for the 
purpose of commercial sale.

Reports from the Water Allocation Authority

2-20 Water Demand 
for Environmental 
Uses

BCM/Year Total Volume of water Allocated for 
ecological preservation and Restoration

Total Volume of water Allocated for 
ecological preservation and Restoration

2-21 Withdrawals for 
Oil and Gas Water Use

BCM/Year Total volume of water actually withdrawn 
for Oil and Gas Water Use

Reports from Oil and Gas  sector

3.3. Water & Land-Use Changes 

The following indicators will be considered:

a)	 Total Irrigated Agricultural land: Total agricultural area that is managed by irrigation systems. 

b)	 Total Rain-fed Agricultural land: The total rain-fed agricultural area 

c)	 Total Pasture area

d)	 Total Forests area

e)	 Urban Encroachment on Green Cover: Is the loss of  Green Cover caused by urbanization, and is 
expressed by agricultural area lost/ year. 

f)	  Impact of  Urban Encroachment on agricultural land: Is the amount of  water resources gained 
or lost due to urban encroachment on agricultural lands and is assessed through the following 
indicators: 

•	 The decrease in Groundwater recharge: Defined as total volume of  water that would have naturally 
entered underground sources of  water (typically aquifers) in the Urbanized areas  from endogenous 
(internal) precipitation and surface water flow, had urbanization not taken place (FAO)

•	 The increase of  surface runoff: Under the assumption that most of  the volume that used to infiltrate 
to the root zone will be changed into surface runoff  due to the drastic difference in permeability 
between agricultural land and asphalt, the increase of  surface runoff  is estimated as 80-90% of  the 
decrease in the amount of  water infiltrated to the root zone in rain-fed agriculture. 

•	 The decrease in water consumptions of  Green Cover: defined as the product of  the green cover 
area lost due to urban encroachment and the average consumption of  the unit area. 

•	 The increase in domestic water withdrawals: Defined as the total volume used by the population 
that re-located to the abused areas which is given by the product of  the estimated population and the 
annual average domestic water consumption per capita (100-200 cubic meters).

Table 4 shows the values of  the Land Use related indicators..
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Table 4. “Water & Land Use Changes” Indicators Assessment Methodologies

Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

3-1 Total Irrigated 
Agricultural Land

ha Total agricultural area that is 
managed by irrigation systems

Change Detection approach using High resolution 
Landsat Satellite images for different years

3-2 Total Rain fed 
Agricultural Land

ha Total rain fed agricultural area Change Detection approach using High resolution 
Landsat Satellite images for different years

3-3 Total Pasture 
Land 

ha Total pasture area Change Detection approach using High resolution 
Landsat Satellite images for different years

3-4 Total Forests 
Land 

ha Total forests area Change Detection approach using High resolution 
Landsat Satellite images for different years

3-5 Urban 
Encroachment  
on Green Cover 

ha lost/
Year

-High resolution  satellite images 
for different years for the area of 
interest
-Geographical Information System 
(GIS) software. 

Change Detection approach using High resolution 
Landsat Satellite images for different years High 
resolution Landsat Satellite images for different years.
These images are simply overlaid and the difference 
in area between them is studied by Geographical 
Information System (GIS) software.
An Earth Observation Based Assessment 
Methodology is presented in section 4

Impact of Urban Encroachment  on Water Resources

3-6 Decrease in 
Groundwater 
Recharge

BCM/Year -Total volume of water that 
would have naturally entered 
underground sources of water 
(aquifers) In the urbanized areas 
from endogenous precipitation 
and surface water flow, had 
urbanization not taken place
- Number of ha lost

Decrease in Groundwater Recharge = Annual Average 
Rainfall* Number of ha lost/Year* Recharge rate

An Earth Observation Based Assessment 
Methodology is presented in section 4

3- 7 Decrease 
in Water 
Consumptions  of 
Green Cover

BCM/Year Decrease in Water Consumptions  
of Green Cover

Decrease in Water Consumptions  of Green Cover = 
Green Cover Water Use per ha/year * Number of ha lost/
Year
An Earth Observation Based Assessment 
Methodology is presented in section 4

3-8 Increase in 
surface Runoff

BCM/Year - Green cover area lost due to 
urban encroachment
- Average consumption of the unit 
area.

Increase in surface Runoff = Green cover area lost due to 
urban encroachment * Average consumption of the unit 
area.
An Earth Observation Based Assessment 
Methodology is presented in section 4

3-9 Increase in 
Domestic Water 
Withdrawals

BCM/Year - Total volume used by the 
population that re-located to the 
abused areas

Estimated population * Annual average domestic water 
consumption per capita

3.4.  Water & Services 

The Indicators are as follows:

i.	 Water Supply and Sanitation Coverage: This sub-category addresses the water supply and 
sanitation coverage in the MEWINA countries. For each coverage related indicator, the percentage 
will be expressed according to two sources; the national entity in charge of  water, and the 2012 
Joint Monitoring Programme (JMP) report issued by the World Health Organization (WHO) 
and UNICEF. The main reason for presenting two different values for the same indicator is to 
highlight the difference in the conceptualization of  “improved” Water Supply and Sanitation between 
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International organizations and National entities. The JMP definitions of  improved Water Supply 
and Sanitation are presented below. 

a)	 Urban Water Supply Coverage: Percentage of  population provided with piped drinking water in 
urban areas

b)	 Rural Water Supply Coverage: Percentage of  population provided with piped drinking water in 
rural areas

c)	 Urban Sanitation Coverage: Percentage of  population covered with sanitation in urban areas. 

d)	 Rural Sanitation Coverage:  Percentage of  population covered with sanitation in rural areas.

e)	 Percentage of  population with improved water supply: An improved drinking-water source is 
defined as one that, by nature of  its construction or through active intervention, is protected from 
outside contamination”   . The improved options are ranked from best to worst as follows(WHO and 
UNICEF): 

•	 Piped Into Premises: Best Option

•	 Other Improved Drinking Water Sources: Public taps or standpipes, tube wells or boreholes, 
protected dug wells, protected springs, rainwater collection.

•	 Unimproved Drinking-Water Sources: Unprotected dug well, unprotected spring, cart with 
small tank/drum, surface water, bottled water.

•	 Unimproved: Surface Drinking-Water Sources: river, dam, lake, pond, stream, canal, irrigation 
channels.

f)	 Percentage of  population with improved sanitation:   Defined looking at the following facilities 
as indicators: Flush or pour-flush (piped sewer system, septic tank, pit latrine), Ventilated Improved 
Pit (VIP) latrine, pit latrine with slab, composting toilet.  The improved options are ranked from best 
to worst as follows(WHO and UNICEF) : 

•	 Flush/pour flush to: - piped sewer system- septic tank- pit latrine• Ventilated improved pit-(VIP) 
latrine- Pit latrine with slab

•	 Sanitation facilities of  an otherwise acceptable type shared between two or more households. 
Only facilities that are not shared or not public are considered improved

•	 Unimproved sanitation facilities: do not ensure hygienic separation of  human excreta from 
human contact. Unimproved facilities include pit latrines without a slab or platform, hanging 
latrines and bucket latrines.

•	 Open defecation

ii.	 Water Infrastructure: 

a.	 Length of  Water Supply Networks

b.	  Length of  Sewage Networks
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c.	 Length of  Irrigation Networks

d.	 Length of  Drainage Networks

e.	 Dam Storage Capacity: The total capacity of  all water regulating structures installed. 

f.	 Water Supply Capacity: Defined as the total Drinking Water Treatment capacity, in other words it 
is the summation of  the potential capacities of  all drinking water plants in any given country. 

g.	 Desalination Capacity: The total capacity of  all desalination plants

h.	 Municipal Wastewater Treatment Capacity: Is the summation of  the potential capacities of  all 
municipal treated wastewater  plants in any given country

i.	 Industrial Wastewater Treatment Capacity:  Is the summation of  the potential capacities of  all 
Industrial  treated wastewater  plants in any given country

j.	 Wastewater Collection Capacity (Requested by Tunisia and Mauritania): The Total volume of 
wastewater that can be collected through the existing collection systems. 

k.	 Maximum Annual Dam Storage Reached (Requested by Libya): Is the actual storage reached 
in a given year, which should always be lower than the Dam Storage Capacity. 

Table. 5 shows the indicators Assessment methodologies for the “Water & services” Category.

Table 5. “Water & services” Indicators Assessment Methodologies
Indicator Parameter/Unit Data required Methods of measurement  or 

computation 

4-1.Improved Urban Water 
Supply Coverage

Total Urban access for 
water (%)

-Total urban population (Pu)
-Urban population with access to 
improved drinking water (PuW)

PuW/Pu

4-2. Improved Rural Water 
Supply Coverage

Total Rural access for 
water (%)

-Total rural population (Pr)
-Rural population with access to 
improved drinking water (PrW)

PrW/Pr

4-3. Improved Urban 
Sanitation Coverage

Urban access for 
sanitation (%)

-Total urban population (Pu)
-Urban population with access to 
improved sanitation facility (PuS)

PuS/Pu 

4-4. Improved Rural 
Sanitation Coverage

Rural access for 
sanitation (%)

-Total rural population (Pr)
-Rural population with access to 
improved sanitation facility (PrS)

PrS/Pr

4-5. Improved water supply 
coverage 

Access for improved 
drinking-water source 
(%)

-Total population (Pu+Pr)
-Population with access 
to improved water supply 
(PuW+PrW)

For a given year(i), Wi= 
(PuW+PrW)/(Pu+Pr)

4-6. Improved sanitation 
coverage 

Access for improved 
sanitation facilities (%)

-Total population (Pu+Pr)
-Population with access to 
improved sanitation (PuS+PrS)

For a given year(i), Si= (PuS+PrS)/
(Pu+Pr)

4-7 Length of Water Supply 
Networks 

Km Length of Water Supply Networks Length of Water Supply Networks  
in km

4-8 Length of Sewage  
Networks

Km Length of Sewage  Networks Length of Sewage  Networks in km

4-9 Length of Irrigation 
Networks

Km Length of Irrigation Networks Length of Irrigation Networks in 
km
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Indicator Parameter/Unit Data required Methods of measurement  or 
computation 

4-10 Length of Drainage 
Networks

Km Length of Drainage Networks Length of Drainage Networks in km

4-11 Dam Storage Capacity BCM Capacity of all dams and water 
regulating structures installed 

Total capacity of all dams and 
water regulating structures 
installed (BCM).

4-12 Water Supply Capacity BCM/Year Total Drinking Water Treatment 
Capacity

-Total Drinking Water Treatment 
Capacity (BCM) 
-Summation of the potential 
capacities of all drinking water 
plants (BCM)

4-13 Desalination Capacity BCM/Year Total capacity of all desalination 
plants

Total capacity of all desalination 
plants (BCM)

4-14 Municipal Wastewater 
Treatment Capacity

BCM/Year Total potential capacities of all 
municipal treated wastewater 
plants

Total potential capacities of all 
municipal treated wastewater 
plants

4-15 Industrial Wastewater 
Treatment Capacity

BCM/Year Total  potential capacities of all 
industrial treated wastewater 
plants

Total potential capacities of all 
industrial treated wastewater 
plants

4-16 Wastewater Collection 
Capacity

BCM/Year Total volume of wastewater that 
can be collected through the 
existing collection systems

Total volume of wastewater that 
can be collected through the 
existing collection systems

3.5. Water & Energy

The indicators are as follows:

a.	 Electricity Generated Using Hydropower: Hydropower production as percent of  total electricity 
production (World Bank). And, the Hydropower generated per year. 

b.	 Electricity Generated Using Hydropower as a percent  of  all generated Electricity

c.	 Installed Hydrocapacity: Sum of  all generator nameplate power ratings (in GW) from the installed 
Hydropower Plants (AMCOW, 2012). 

d.	 Water used to Generate Electricity:  The total annual volume of  inflow through all hydro generators. 

Table 6 shows the indicator Assessment methodologies. 

Table 6. “Water & Energy” Indicators Assessment Methodologies
Indicator Parameter/ Unit Data required Methods of measurement  or computation 

5-1 Electricity generated 
using Hydropower

GWh/Year -Installed  hydropower capacity 
-Hydro electricity production 

Hydro electricity production

5-2 Hydropower
 as % of Total Generated 
Electricity

% -Hydro electricity production
- Total electricity production

Hydro electricity production* 100/
Total electricity production

5-3 Installed Hydro power 
Capacity

MW Number of plants, capacity 
ratings of plants

Sum of capacity rating of installed plants
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Indicator Parameter/ Unit Data required Methods of measurement  or computation 

5-4 Water used to 
generate Electricity

BCM/Year Ttotal annual volume of inflow 
through all hydro generators

Total annual volume of inflow through all 
hydro generators

3.6. Water & Population

a.	 Internal Renewable water resources per capita: The maximum theoretical amount of  water 
produced internally and actually available, on a per person basis (modified from FAO). 

b.	  Total renewable Blue water resources per capita: the maximum theoretical amount of  water 
actually available, on a per person basis (FAO). 

c.	 Total Population

d.	 Internal Renewable Blue Water Resources per Capita: Long-term average annual flow of  rivers 
and recharge of  aquifers generated from endogenous precipitation, on a per person basis (Modified 
from FAO).

e.	 Total Renewable Blue Water Resources per Capita: Is the resultant of  the internal produced 
surface water and the transboundary inflows and outflows of  surface water, on a per person basis.   

f.	 Total Renewable Water Resources per Capita: Is the sum of  total renewable blue and green water 
resources, on a per person basis. 

g.	 Blue Water Withdrawal Per Capita: Total annual abstractions from surface and groundwater 
sources including non-renewable groundwater and secondary freshwater sources (water previously 
withdrawn and returned), on a per person basis (modified from FAO). 

h.	 Green Water Consumption Per Capita: The total amount of  precipitation directly consumed by 
pasture areas, rain-fed areas, and forest areas, on a per person basis. 

i.	 Total Potentially Available Water Resources Per Capita: The sum of  renewable, non-renewable, 
and non-conventional Water resources on a per person basis. 

j.	 Total Water Consumption Per Capita: the gross amount of  water extracted from all sources, either 
permanently or temporarily, on a per person basis. 

k.	 Agricultural Water Withdrawal Per Capita: The sum of  total agricultural abstractions from blue 
water, and direct beneficial abstractions from precipitation in rain-fed areas, on a per person basis.  

l.	 Industrial Water Withdrawal Per Capita: Total annual volume of  water withdrawals used for 
industrial purposes on a per person basis. 

m.	 Domestic Water Withdrawal Per Capita: Total annual volume of  water withdrawals used for 
domestic purposes on a per person basis.  

n.	 Population Without Improved Water Supply:  The total population without improved Water 
supply. 
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o.  Population Without Improved Sanitation: The total population without improved Sanitation. 

Table 7 shows the “Water & Population” Indicators Assessment Methodologies

Table 7. “Water & Population” Indicators Assessment Methodologies
Indicator Parameter/Unit Data required Methods of measurement  or 

computation 

6-1 Population Number of 
inhabitants 

Population From Census

6-2 Internal Renewable Blue 
Water Resources per capita

CM/Capita/Year -Annual flow of rivers (IRSW)
-Rrecharge of aquifers (IRGW)
-Population

IRBWR / Total population in CM/C/
Year

6-3 Total Renewable Blue 
Water Resources per capita 

CM/Capita/Year -Total Renewable Blue Water Resources 
-Population

TRBWR/Total population in CM/C/
Year 

6-4 Total Renewable Water 
Resources per capita

CM/Capita/Year - Total renewable blue water resources
- Total renewable green water resources
-Population

(TRBWR+TRGWR)/Total population 
in CM/C/Year

6-5 Total Available Water 
Resources per capita

CM/Capita/Year -RWR
-NRWR
-NCWR
-Total population  

(RWR+NRWR+NCWR)/ Total 
population in 
CM/C/Year

6-6 Blue water Withdrawals 
per capita

CM/Capita/Year -Total annual abstractions from surface 
water
- Total annual abstractions from 
groundwater 
-Population

Total annual abstractions/ Total 
population in CM/C/Year

6-7 Green Water use per 
capita

CM/Capita/Year -TAP consumed by pasture areas,
-TAP consumed by rain fed areas,
-TAP consumed by forest areas,
-Total population

Total amount of precipitation 
directly consumed by pasture 
areas, rain fed areas, and forest 
areas / Total population in 
CM/C/Year

6-8  Total Water 
Consumption per capita

CM/Capita/Year -Water extracted from all sources 
-Total population  

Water extracted from all sources/ 
Total population in CM/C/Year

6-9 Agricultural Water 
Withdrawal per capita

CM/Capita/Year -Agricultural abstractions from blue 
water
-Direct beneficial abstractions from 
precipitation in rain fed areas
-Total population  

Agricultural abstractions from 
blue water, and direct beneficial 
abstractions from precipitation in 
rain fed areas/ Total population in 
CM/C/Year

6-10 Industrial  Water 
Withdrawal per capita

CM/Capita/Year -Total annual volume of water 
withdrawals used for industrial 
purposes
-Total population  

Total annual volume of water 
withdrawals used for industrial 
purposes/Total population in 
CM/C/Year

6-11 Domestic  Water 
Withdrawal per capita

CM/Capita/Year -Total annual volume of water 
withdrawals used for domestic 
purposes
-Total population  

Total annual volume of water 
withdrawals used for domestic 
purposes/ Total population in 
CM/C/Year

6-12 Population without 
Improved Water Supply

Total population -Total population without improved 
Water Supply

Total population without improved 
Water Supply

6-13 Population without 
Improved Sanitation

Total population -Total population without improved 
Sanitation

Total population without improved 
Sanitation
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3.7. Water & Health

The indicators are as follows:

a.	 Diarrhea prevalence (% of  children under five): % of  children under five cases suffering from 
Diarrhea. 

b.	 Cholera Reported Cases: number of  annual incidents of  the disease. 

c.	 Dracunculiasis Reported Cases: number of  annual incidents of  the disease.

d.	 Typhoid Reported cases:  number of  annual incidents of  the disease.

e.	 Hepatitis A Reported cases:  number of  annual incidents of  the disease. 

f.	 Open defecation practice:  Number of  people who continue to practice open defecation. 

g.	 Percentage of  open defecation: The percentage of  population practicing open defecation. 

Table 8 shows the “Water & Health” indicators Assessment Methodologies

Table 8. “Water & Health” Indicators Assessment Methodologies

3.8. Water & Quality

The following indicators should be measured or reported for in all surface and groundwater quality 
monitoring stations in each country to identify the average, minimum, and maximum values for each 
indicator, the values of  all of  these indicators are directly connected to anthropogenic activities: 

a)	 Dissolved oxygen (ppm):  is a measure of  free (i.e., not chemically combined) oxygen dissolved in 
water. It is essential to the metabolism of  all aerobic aquatic organisms. Reduced levels could harm 
and even kill plants and fish.

b)	 pH (dimensionless):  is a measure of  the acidity or alkalinity of  a water body. It can affect aquatic 
organisms both directly, by impairing respiration, growth, and development of  fish, and indirectly, by 
increasing the bioavailability of  certain metals such as aluminum and nickel.

c)	 Electric Conductivity: measured in 1/OHM (S/M) is a measure of  the ability of  water to carry an 
electric current, which depends on the presence of  ions. Increases in conductivity can lead to changes 
that reduce biodiversity and alter community composition.

d)	 Total Dissolved Solids (ppm):  is a measure of  the combined content of  all organic and inorganic 
substances contained in a water sample. 

e)	 Nitrogen Concentration (ppm): Nitrogen and phosphorus are naturally occurring elements 
essential for all living organisms. But they are often found in growth-limiting concentrations in aquatic 
environments. Increases in nitrogen or phosphorus in natural waters, largely as a result of  human 
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activities in the drainage basin (e.g., from agricultural runoff  from manure and synthetic fertilizers, 
and from municipal and industrial waste-water discharge), can overstimulate plant growth and choke 
off  oxygen supplies. 

f)	 Phosphorous Concentration (ppm):  See above. 

g)	 Fecal Choliform (Colonies/100 ML) (Requested by Tunisia): Increased levels of  fecal coliforms 
means there is a failure in water treatment, a break in the integrity of  the distribution system, or 
possible contamination with pathogens. Tests for this kind of  bacteria are done through the cheap 
and rapid 1-day incubation methodology. 

h)	 Biological Oxygen Demand (BOD) (mg/l)(Requested by Egypt): the amount of  dissolved 
oxygen needed by aerobic biological organisms in a body of  water to break down organic material 
present in a given water sample at certain temperature over a specific time period 

i)	 Chemical Oxygen Demand (COD)(mg/l)(Requested by Egypt): chemical oxygen demand 
(COD) test is commonly used to indirectly measure the amount of  organic compounds in water. 
Most applications of  COD determine the amount of  organic pollutants found in surface water 

j)	 Chloride Concentration: the concentration of  chloride in a given water sample. 

k)	 Total Hardness: The concentration of  Calcium Carbonate (CaCO3) in a given water sample.  

Table 9 shows the “Water & Quality” indicator Assessment Methodologies

Table 9. “Water & Quality” indicator Assessment Methodologies

Indicator Parameter/Unit Data required Methods of measurement  or computation 

8-1 Dissolved oxygen mg/l or ppm -DO analysis on main watersheds 
-DO analysis on main dams
-Do analysis on main lakes and 
lagoons,
-DO on main aquifers. 

It can be measured with a dissolved oxygen 
probe such as an oxygen sensor  in liquid 
media, usually water. The standard unit 
is milligrams per liter (mg/l) or parts per 
million (ppm)

8-2 pH dimensionless -pH analysis on main watersheds
-pH analysis on main dams
-pH analysis on main lakes and 
lagoons,
-pH on main aquifers

pH is the measure of acidity or basicity of 
solutions.
Mathematically, pH is the 
negative logarithm of the activity of the 
hydronium ion, more often expressed 
as the measure of the hydronium ion 
concentration. 
The pH of pure water is about 7 at 25 °C; 
this value varies with temperature.

8-3 Electric 
Conductivity (EC)

μS/m Cond analysis on main watersheds
-Cond analysis on main dams
-Cond analysis on main lakes and 
lagoons,
-Cond on main aquifers

-In many cases, conductivity is linked directly 
to the Total Dissolved Solids (T.D.S.). High 
quality deionized water has a conductivity of 
about 5.5 μS/m, typical drinking water in the 
range of 5-50 mS/m, while sea water about 
5 S/m (i.e., sea water’s conductivity is one 
million times higher than that of deionized 
water).
-It is measured with a conductivity meter

8-4 & 8-5 Nitrogen 
Concentration 
and Phosphorus 
Concentration

ppm -N&P analysis on main watersheds
-N&P analysis on main dams
-N&P analysis on main lakes and 
lagoons,
-N&P analysis on main aquifers

-The cheapest and simplest method to 
analyze water samples for phosphate and 
nitrate concentration is the use of chemical 
tests. 
-The Photometer will allow precise 
interpretation of colors into mg/l. 
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Indicator Parameter/Unit Data required Methods of measurement  or computation 

8-6 Total Dissolved 
Solids

ppm -TDS  analysis on main watersheds
-TDS analysis on main dams
-TDS analysis on main lakes and 
lagoons,
-TDS analysis on main aquifers

Is a measure of the combined content of all 
organic and inorganic substances contained 
in a water sample 

8-7 Fecal Choliform Colonies/
100 ml

-Fecal Choliform Analysis on main 
watersheds
-FC analysis on main dams
-FC analysis on main lakes and 
lagoons,
-FC analysis on main aquifers
-FC analysis on main WWTP
-FC analysis on water supply systems

Test of this kind of bacteria are done 
through the cheap and rapid 1-day 
incubation methodology.

3.9. Water & Ecosystems

The indicators are as follows:

a)	 Number of  Wetlands Sites: Including those acknowledged by RAMSAR, Sabkhas, Groundwater-
based wetlands, and water bodies of  special importance.  

b)	 Total Wetlands areas (to be calculated by earth observation tools). 

c)	 Number of  Endangered Species: The total number of  endangered species that dwells partially or 
permanently in the water bodies inbounded within the country. 

d)	 Number of  Invasive Species: The total number of  invasive species that dwells partially or 
permanently in the water bodies inbounded within the country. 

e)	 Total Freshwater Species Count:  The total number of  species that dwells partially or permanently 
in the water bodies inbounded within the country.

Table 10 shows the indicator Assessment methodologies for this category. 

Table 10. Indicators Assessment methodologies for “Water & Ecosystems”

3.10. Water & Climate

i.	 Extreme Weather Events

a)	 Number of  Class 1 flood events:  Class 1 floods are large flood events causing significant damage 
to structures or agriculture; fatalities; and/or 1-2 decades-long reported interval since the last similar 
event (Dartmouth, 2013)

b)	 Number of  Class 1.5 flood events: Class 1.5 floods are very large events: with a greater than 2 
decades but less than 100 year estimated recurrence interval, and/or a local recurrence interval of  at 
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1-2 decades and affecting a large geographic region (> 5000 sq. km) (Dartmouth, 2013)

c)	 Number of  class 2 flood events: Class 2 flood events are  extreme events with an estimated 
recurrence interval greater than 100 years (Dartmouth, 2013)

d)	 Drought events: a drought event is a long period of  abnormally low rainfall, especially one that 
adversely affects growing or living conditions. The abnormally low rainfall will be taken as 25% of 
the record monthly average. In other words, a period where rainfall has been consistently lower than 
25% of  the record average will be considered a drought event. 

e)	 Cost of  Annual damage induced by floods: estimate to be reported by the national authority

f)	 Cost of  Annual damage induced by droughts: estimate to be reported by the national authority

g)	 Annual human losses related to Floods. 

h)	 Annual human losses related to Droughts. 

i)	 Average Temperature (Requested by Egypt): The Annual Average recoded temperature. 

j)	 Unusual Weather Events (Snow, Hail,): The number of  occurrences of  weather events that are 
historically unusual to a given country.  

k)	 Existence of  Early Warning Disaster prevention System and Year of  establishment

l)	 Existence of  National Climate Change Adaptation Plan. (Yes/No):  A cross sectoral plan that 
addresses Climate Change mitigation measures as well as water adaptation measures. 

Table 11 shows the different indicators Assessment Methodologies

Table 11. “Water & Climate” Indicators Assessment Methodologies
Indicator Parameter/Unit Data required Methods of measurement  or 

computation 

10-1 Number of Class 1 
Flood Events

Number -Flood maximum flow 
(CM/s)
-Flood water yield  (MCM)
-Flooded areas in ha
-Satellite images 

- Floods will be categorized by 
calculating the return period and 
identifying the affected areas

10-2 Number of Class 
1.5 Flood Events

Number -Flood maximum flow 
(CM/s)
-Flood water yield  (MCM)
-Flooded areas in ha
-Satellite images

Floods will be categorized by calculating 
the return period and identifying the 
affected areas

10-3 Number of Class 2  
Flood Events

 Number -Flood maximum flow 
(CM/s)
-Flood water yield  (MCM)
-Flooded areas in ha
-Satellite images

- Floods will be categorized by 
calculating the return period and 
identifying the affected areas

10-5 Drought events  Number -Annual precipitation  depth
-Annual Average precipitation depth
- Monthly precipitation depth
-Monthly Average precipitation depth

Drought events will be recognized 
according to definition and input 
parameters. 

10-6 Cost of Annual 
Damage Caused by 
Floods 

$ - % of GDP -GDP
-Socio-Economic Survey
-Losses
-Damage in infrastructure, crops, etc.

Reported by Environmental and Risk/ 
Disaster Assessment Authorities
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Indicator Parameter/Unit Data required Methods of measurement  or 
computation 

10-7 Cost of Annual 
Damage Caused by 
Droughts

$ - % of GDP -GDP
-Socio-Economic Survey
-Losses
-Damage in infrastructure, crops, etc.

Reported by Environmental and Risk/ 
Disaster Assessment Authorities

10-8 Annual Human 
Losses related to floods

Number Annual Number of Human Losses 
related to floods

Reported by Environmental and Risk/ 
Disaster Assessment Authorities

10-9 Annual Human 
Losses related to 
droughts

Number Annual Number of Human Losses 
related to droughts

Reported by Environmental and Risk/ 
Disaster Assessment Authorities

10-10 Unusual Weather 
Events (Snow, Hail, etc.)

Number/
Type

-Number of Snow events
-Number of Hail events
-Other unusual weather events

Reported by Environmental Authorities

10-11 National
Climate Change 
Adaptation Plan 

Yes/No Existence of National Climate Change 
Adaptation Plan (Yes/No)

Reported by Environmental Authorities 

3.11. Water & Socio-Economics

i.	 Water Productivity 

a)	 Industrial Water Productivity: Economic value added (in US$) per cubic meter of  water withdrawn 
by the Industrial sector.  In other words, it is the gross agricultural revenue (GDP) divided by the total 
industrial water consumption. 

b)	 Agricultural Water Productivity (Crop per Drop): Economic value added (in US$) per cubic 
meter of  water withdrawn by agriculture: In other words, it is the gross agricultural revenue (GDP) 
divided by the total agricultural water consumption (including irrigation withdrawals and rain fed 
agriculture green water consumption)..

c)	 Employment in Agriculture “Job per Drop”: The ratio of  total labor employed in Agriculture 
to the total agricultural withdrawals (including irrigation withdrawals and rain fed agriculture green 
water consumption)

d)	 Employment in Industry “Industry Job per Drop”: The ratio of  total labor employed in Industry 
to the total industrial withdrawals. 

e)	 Gross Domestic Product (GDP)  (Requested by Egypt):  The monetary value of  all the finished 
goods and services produced within a country›s borders in a specific time period

ii.	 Tariffs and Affordability 

a)	 Absolute monthly tariff  of  Water and Sanitation in US$

b)	 Water and Sanitation Charges as % of  Average Household Income: The monthly charge for 
10 cubic metres of  Water compared to the monthly household income. The household Income is 
estimated as five times the Gross National Income (GNI) per Capita. 
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•	 GNI per Capita: GNI per capita (formerly GNP per capita) is the gross national income, 
converted to U.S. dollars using the World Bank Atlas method, divided by the midyear population. 
GNI is the sum of  value added by all resident producers plus any product taxes (less subsidies) 
not included in the valuation of  output plus net receipts of  primary income (compensation of 
employees and property income) from abroad.

Table 12 shows the indicators assessment methodologies under this category. 

Table 12. “Water & Socio-Economics” Indicators Assessment Methodologies
Indicator Parameter/

Unit
Data required Methods of measurement  or 

computation 

11-1 Industrial water 
productivity

$/CM -Industrial GDP
-Industrial water withdrawal
-The gross industrial revenue
-Total industrial water consumption  

-Industrial GDP/(Industrial water 
withdrawal), 
-The gross industrial revenue divided by 
the total industrial water consumption  

11-2 Agricultural water 
productivity “Crop per 
Drop”

$/CM -The gross agricultural revenue 
-The total agricultural water 
consumption
-Irrigation withdrawals
 -Rain fed agriculture green water 
consumption

-The gross agricultural revenue divided by 
the total agricultural water consumption 
(including irrigation withdrawals and rain 
fed agriculture green water consumption).

11-3   Employment in 
Agriculture “Job per Drop”

Jobs/MCM -Total labor employed in agriculture
-Irrigation withdrawals 
-Rain fed agriculture green water 
consumption)

The ratio of total labor employed in 
Agriculture  to the total agricultural 
withdrawals

11-4 Employment in 
Industry “Job per Drop”

 Jobs/MCM -Total labor employed in industry 
-Total industrial withdrawals

The ratio of total labor employed 
in industry to the total industrial 
withdrawals

11-5 Water and Sanitation 
charges as % of Average 
Household Income

% -The Gross National  Income(GNI) per 
capita
-The monthly household income. 

The monthly charge for 10 cubic meters 
of water compared to the monthly 
household income. 

3.12. Water & Finance

a)	 Total Investment in Water & Sanitation (Requested by Egypt): it is defined as government 
spending in water resources infrastructure development, planning & management, as well as drinking 
water supply and sanitation treatment and reuse. 

b)	 Foreign Aid for Water & Sanitation: The sectoral distribution of  bilateral Official Development 
Assistance commitments refers to the economic sector of  destination (i.e. the specific area of  the 
recipient›s economic or social structure whose development is, or is intended to be fostered by the 
aid), rather than to the type of  goods or services provided. These are aggregates of  individual projects 
notified under the Creditor Reporting System, supplemented by reporting on the sectoral distribution 
of  technical co-operation, and on actual disbursements of  food and emergency aid.

c)	 Aid for the Water sector in Foreign Countries (Requested by Libya and Mauritania): The 
Total Financial Aid disbursed for the purpose of  enforcing and enhancing the water sector in other 
countries. 
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d)	 Percentage of  National Budget directed to the Water Sector: It is the percentage of  national 
budget directed to all water related projects, labor, and services. It includes all water use sector, and is 
not limited to Water supply and sanitation. 

e)	 Budget Directed to Sanitation & Hygiene as a percent of  GDP: It is the percentage of  national 
budget directed to all water related projects, labor, and services compared to the country’s GDP

f)	 Operation & Maintenance Cost Recovery for Water Supply and sanitation: Is the sum of  all 
tariffs collected from all subscribers to Water supply and Sanitation services in one year divided by 
the total operation and Maintenance cost of  water supply and sanitation for the same year:

g)	 Operation & Maintenance Cost Recovery for Irrigation: Is the sum of  all tariffs collected from 
all farmers in one year divided by the total operation and Maintenance cost of  irrigation for the 
same year. The total sum of  incoming tariff  payments could be obtained from the archives of  the 
governmental entity in charge of  Irrigation.

h)	 Operation & Maintenance Cost Recovery for Industry (requested by Mauritania): Is the sum 
of  all tarrifs collected from all industrial establishments in one year divided by the total operational 
cost of  irrigation for the same year. The total sum of  incoming tariff  payments could be obtained 
from the archives of  the governmental entity in charge of  Industrial Water Supply.

Table 13 shows the indicators assessment methodologies under this category.

Table 13. “Water & Finance” Indicators Assessment Methodologies
Indicator Parameter/Unit Data required Methods of measurement  or 

computation 

12-1 Percentage of National 
Budget directed to Water and 
Sanitation  Sector

% -National Budget directed to the water 
and sanitation sector 
-National  Budget

National Budget directed to 
water and sanitation sector /
National Budget

12-2 Operation & Maintenance  
Cost Recovery for Water Supply
 and Sanitation

%  -All tariffs collected from all subscribers 
to water supply and sanitation services 
in one year
-Total operation and maintenance cost 
of water supply and sanitation for the 
same year 

12-3 Percent age of GDP 
directed to Sanitation & 
Hygiene

% -National budget directed to all water 
related projects, labor, and services 
-the  country’s GDP.

100*National Budget directed to 
Sanitation & Hygiène/ GDP

12-4 Foreign Aid for Water & 
Sanitation

Million US $ -Foreign Aid for water and sanitation 
sector
-Bilateral Development Assistance
- Technical co-operation projects

-Foreign aid for Water and 
Sanitation sector 

12-5 Operation & Maintenance 
Cost Recovery for Irrigation

% -All tariffs collected from all farmers
- Total operational cost of irrigation

3.13. Water & Trade

Virtual-water flows related to trade in crop, animal per country: 
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a)	 Total Agricultural Virtual Water Import: Total inflow of  virtual water which in turn is defined as 
the volume of  freshwater used to produce the product, measured at the place where the product was 
actually produced (Hoekstra and Chapagain, 2001). 

b)	 Total Agricultural Virtual Water Export:  Total outflow of  virtual water which in turn is defined 
as: the volume of  freshwater used to produce the product, measured at the place where the product 
was actually produced (Hoekstra and Chapagain, 2001).

Hoekstra and Chapagain (2001) provided reference tables that provide the approximate volume of  water 
needed to produce one kilogram of  different crop, animal, and industrial products. Therefore, the volume 
of  water used to produce a certain product can be estimated by multiplying these reference values (or any 
similar values provided in the national and global literature) by the total annual produced amount of  the 
same product. In the same manner, it is possible to estimate the amount of  water embedded in imported 
and exported products.   

Table 14 shows the amount of  virtual Water embedded in the unit weight of  each of  the vital Agricultural 
products. 

Table 15 shows the amounts of  exported agricultural products in the N-AMCOW Region in 2009, while 
table 16 shows the amounts of  imported agricultural products in the same year (LAS, 2009).  

Table 14. Virtual Water embedded in Agricultural Products
ITEM Cubic meters/ ton

 WHEAT AND FLOUR  1334

 MAIZE  909

 RICE  2291

 BARLEY  1910

 POTATOES  255

 PULSES (TOTAL)  1754

 VEGETABLES (TOTAL)  195

 FRUITS (TOTAL)  455

 SUGAR(REFINED)  1929

 FATS & OILS(TOTAL)  18000

 RED MEAT  15497

 POULTRY MEAT  2046

 EGGS  2700

 MILK & DAIRY PROD.  5000

Hoekestra & Chapagain, 2001 & Egypt NWRC (2009)

	

Table 15. Exported Agricultural Products in the N-AMCOW Region
FOOD Exported (1000 MT) Algeria Egypt Libya Mauritania Tunisia

 WHEAT AND FLOUR  6 238.14  -  - 1.65
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 MAIZE   - 15.61  -  - 0

 RICE   - 546  -  -  - 

 BARLEY   - 15.48  -  -  - 

 POTATOES  0 299.96 0.01  - 10.08

 PULSES (TOTAL)  0.09 236 0.11  - 0.73

 VEGETABLES (TOTAL)  5.25 791.22 0.18  - 66.62

 FRUITS (TOTAL)  9.02 1220.32 0.05  - 143.8

 SUGAR(REFINED)  12.73 432.19  -  - 3.55

 FATS & OILS(TOTAL)  7.2 118.03 2.02  - 245.16

 RED MEAT  0.02 1.47  -  - 0.12

 POULTRY MEAT    9.16  -  - 2.9

 EGGS   - 0.04  -  - 0.1

 MILK & DAIRY PROD.  16.81 2792.64  -  - 53.86

Table 16. Imported Agricultural Products in the N-AMCOW Region

FOOD IMPORTED (1000 MT) Algeria Egypt Libya Mauritania Tunisia

 WHEAT AND FLOUR   5729.83  9651.54 1450.13 310.92 1914.89

 MAIZE   1994.79  4960.35 530.01 3.69 889.28

 RICE   75.85  13.86 104.05 15.98 10.24

 BARLEY   105.34  14.54 177.13 0.97 429.33

 POTATOES   124.92  72.9 10.79 16.21 21.36

 PULSES (TOTAL)   175.11  355.52 6.15 2.27 30.19

 VEGETABLES (TOTAL)   30.82  3.54 31.76 50.36 20.79

 FRUITS (TOTAL)   354.76  576.24 57.43 4.72 37.95

 SUGAR(REFINED)   1133.31  800.65 191.31 190.21 349.81

 FATS & OILS(TOTAL)   703.35  642.72 142.83 66.6 406.9

 RED MEAT   62.30  178.61 20.46 0.01 5.48

 POULTRY MEAT    47.62 0.02 5.24 3.21

 EGGS   0.50  0.15 11.98 0.49 0.04

 MILK & DAIRY PROD.   2752.26  2014.86 354.71 117.27 127.63

3.14. Water & Governance

a)	 IWRM plan in place (yes/no): A national plan dedicated entirely to water resources, with more 
than 3 entities involved, and with all water use sectors addressed could qualify as a national IWRM.

b)	 Existence of  National Water M&E,& R System (AMCOW): A national Water Monitoring, 
Evaluation, and Reporting system is defined as a system of  indicators that covers all areas related to 
water  and is adequately and continuously assessed and reported according to clear pre-set definitions. 
The reporting could be in the form of  reports or an online web-based system. 
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c)	 Surface Water Permits Issued to Date: Number of  officially authorized water permits for beneficial 
usage by individuals or entities to date. 

d)	 Total Volumetric Water Rights Associated with Surface Water Permits: The total annual 
authorized volumes associated with all authorized water Surface water permits.

e)	 Total Volumetric Water Rights  Associated with Surface Water Permits as a Percent of  Annual 
Blue Surface Water Withdrawals

f)	 Groundwater Well Permits issued to date: number of  officially authorized permits for registered 
shallow or deep wells for beneficial usage by individuals or entities, Issued to date. 

g)	 Total Volumetric Water Rights Associated with Well Permits: The total annual authorized 
volumes associated with all authorized well permits.

h)	 Total Volumetric Water Rights Associated with Well Permits as a Percent of  Annual Blue 
Groundwater Abstractions Number of  Unlicensed Wells: Could be obtained from annual well 
survey. 

i)	 Irrigation & Drainage Related Complaints as a Percentage of  Irrigation Water Users: annual 
number of  complaints that relate directly to irrigation and drainage issues as a percent of  total surface 
water permits. 

j)	 Water Supply and Sanitation Related Complaints as a Percentage of  Serviced Households: 
annual number of  complaints that relate directly to water supply and sanitation services as a percent 
of  all serviced households. 	

k)	 Number of  Water Supply meters installed as a percent of  total number of  covered households: 
the ratio of  the total number of  installed water supply meters to the total number of  households 
covered with water supply. The total number of  households can be estimated by dividing the total 
covered population by 5. 	

l)	 Number of  Groundwater Meters Installed as a Percent of  Licensed Wells	

m)	Number of  Irrigation meters Installed as a percent of  surface water permits	

n)	 Physical Domestic water losses: The amount of  domestic water lost due to leakage in the piped 
conveyance system. It is best determined by detailed flow measurements, but it can also be estimated 
by empirical equations that include but are not limited to  the Unavoidable Annual Real Losses 
(UARL) equation developed by the University of  Arizona (Delgado, 2008) as follows:  UARL = 
(5.41Lm + 0.15xNc + 7.5xLp) xP  

o)	 Where: Lm = Length of  mains in feet, Nc = Number of  service connections, Lp = Length of 
private pipe in feet, P = Average pressure in PSI	

p)	 Commercial water losses (Requested by Tunisia): Is the Unaccounted for water due to theft or 
lack of  metering and is calculated by subtracting the sum of  the total accounted for water (metered 
volumes) and the physical losses from the total withdrawals by the domestic sector.  

q)	 Physical Irrigation Water losses: The amount of  Irrigation water lost in the different elements of 
the irrigation conveyance system (canals and drains) through seepage and evaporation. 	
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r)	 Overall Water Use Efficiency: The ratio of  the difference between the total withdrawals from 
original sources (surface water, renewable and non-renewable groundwater, and Desalinated Water) 
and the wastewater and Drainage flows TO the Withdrawals from Original Sources expressed as a 
percentage. 

s)	 Overall water Use Efficiency= 100* ((Withdrawals from Original Sources- Wastewater and 
Drainage outflows) / Withdrawals from Original Sources)

t)	 Water Sustainability / Depletion Index: The ratio of  the Total Withdrawals from Original sources 
including green water consumptions by rainfed agriculture TO The Total Renewable Water Resources 
(Blue and Green Water). 	

u)	 Wastewater and Drainage Outflows: Wastewater and Agricultural Drainage flowing out of  the 
system to local and national sinks. 

v)	 Transboundary Wastewater and Drainage outflows: Wastewater and Agricultural Drainage 
flowing out of  the country’s borders.  	

w)	 Number of  Water Related Citations (Water Laws Enforcement): Total annual number of  water 
related citations.

x)	 Number of  Water Users Associations: Number of  associations aiming to address the needs and 
complaints of  Agricultural and Industrial water users as well as organize water withdrawals

y)	 Water Users Associations Agricultural land Coverage: The ratio of  the agricultural areas covered 
by Water Users Associations to the total Agricultural area in the country. 

Table 17 shows the indicators assessment methodologies under this category.

Table 17. “Water & Governance” Indicators Assessment Methodologies

Code & Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

14-1 IWRM plan (Yes/No) (Yes/No) -IWRM plan in place (Yes/No) A national plan dedicated entirely to water 
resources, with more than 3 entities involved, 
and with all water use sectors addressed could 
qualify as a national IWRM

14-2  National Water 
and Sanitation M&E,& R 
System 

(Yes/No) -M&E,& R System (AMCOW) in 
place (Yes/No)

a)	 System of indicators that covers 
all areas related to water adequately 
and continuously assessed and reported 
according to clear pre-set definitions. The 
reporting could be in the form of reports 
or an online web-based system. 

14-3 Surface Water 
Permits issued to date

Number -Number of authorized water 
permits

Number of officially authorized water permits 
for beneficial usage by individuals or entities 
to date.

14-4 Total Volumetric  
Water Rights associated 
with Surface Water 
Permits

BCM/Year Total annual authorized volumes 
associated with all authorized 
Surface water permits

Total annual authorized volumes associated 
with all authorized Surface water permits

14-5 Volume associated 
with Surface Water 
Permits as a percent of 
Annual Blue Surface Water 
Withdrawals

% - Total volumetric Water Rights  
associated with Surface Water 
Permits 
- Annual Blue Surface Water 
Withdrawals

Total volumetric Water Rights  associated with 
Surface Water Permits * 100/  Annual Blue 
Surface Water Withdrawals
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Code & Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

14-6 Groundwater  Well 
Permits issued to date 

Number -Number of authorized permits for  
registered shallow or deep wells

Number of officially authorized permits for 
registered shallow or deep wells for beneficial 
usage by individuals or entities, issued to date

14-7 Total Volumetric 
Water Rights associated 
with Well Permits

BCM/Year Total annual authorized volumes 
associated with all authorized well 
permits.

Total annual authorized volumes associated 
with all authorized well permits.

14-8 Total Volumetric 
Water Rights associated 
with well permits as a 
percent of Annual Blue 
Groundwater  Abstractions

% -Total Volumetric Water Rights 
associated with well permits
- Annual Blue Groundwater  
Abstractions

Total Volumetric Water Rights associated with 
well permits * 100/  Annual Blue Groundwater  
Abstractions

14-9 Number of unlicensed 
wells

Number Number of unlicensed wells Could be obtained from annual well survey

14-10 Irrigation & Drainage 
related Complaints as a 
percentage of irrigation 
Water Users

Number/
Year

Annual number of complaints -Annual number of complaints that relate 
directly to irrigation and drainage issues
-Irrigation water users 

14-11 Water supply 
and Sanitation related 
Complaints as a 
percentage of Serviced 
Households

% -Annual number of complaints 
related to water supply -Annual 
number of complaints related to 
sanitation
-Serviced households

Annual number of complaints that relate 
directly to water supply and sanitation services 
* 100/Number of serviced households.

14-12 Number of Water 
Supply Meters installed as 
a percent of total number 
of covered Households

% -Total number  of installed water 
supply meters 
-Total number of household 
covered with water supply. -Total 
number of household can be 
estimated by dividing the total 
covered population by 5

Total number of installed water supply meters 
* 100/ Total number of household covered 
with water supply. 

The total number of household can be 
estimated by dividing the total covered 
population by 5

14-13 Number of 
Groundwater Meters 
installed as a percent of 
Serviced Households

% -Number of Groundwater Meters 
installed 
- Serviced Households, 
-Licensed wells

Number of Groundwater Meters installed * 
100/Number of Serviced Households.

The total number of household can be 
estimated by dividing the total covered 
population by 5

14-14 Number of Surface 
Irrigation Meters installed 
as a percent of Surface 
Irrigation Water Permits

% -Number of Surface Irrigation 
Meters installed 
-Surface Irrigation Water Permits

Number of Surface Irrigation Meters installed 
*100/Number of Surface Irrigation Water 
Permits

14-15 Physical Domestic 
Water Losses

BCM/Year The amount of domestic water 
lost due to leakage in the piped 
conveyance system.

-It is best determined by detailed flow 
measurements 

14-16 Overall Water Use 
Efficiency

% The ratio of the difference between 
the total withdrawals from original 
sources (surface water, renewable 
and non-renewable groundwater, 
and Desalinated Water) and the 
wastewater and Drainage flows 
to the Withdrawals from Original 
Sources expressed as a percentage.

Overall water Use Efficiency = 
100*((Withdrawals from Original Sources 
– Wastewater and Drainage outflows)/ 
Withdrawals from Original Sources)

14-17 Water 
Sustainability/Depletion 
Index

% -Total withdrawals from Original 
Sources including green water 
consumptions by rain-fed 
agriculture
-Total renewable water resources 
(Blue and Green  Water)

100* (Total withdrawals from Original Sources 
including green water consumptions by rain-
fed agriculture)/ (Total renewable water 
resources (Blue and Green Water)).
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Code & Indicator Parameter/ 
Unit

Data required Methods of measurement  or computation 

14-18 Wastewater and 
Drainage Outflows

BCM/Year -Total Volume of Wastewater 
flowing out of the system to local 
and national sinks.
-Total Volume of Agricultural 
Drainage Flowing out of the system

Wastewater and Agricultural Drainage flowing 
out of the system to local and national sinks.

14-19 Transboundary 
Wastewater and Drainage 
Outflows

BCM/Year -Total Volume of Wastewater 
flowing out of the country’s 
borders.
-Total Volume of Agricultural 
Drainage flowing out of the 
country’s borders.

Wastewater and Agricultural Drainage flowing 
out of the country’s borders.

14-20 Commercial Water 
Losses 

BCM/Year Is the Unaccounted for water due 
to theft or lack of metering

(Sum of the total accounted for water 
(metered volumes) -Physical losses from the 
total withdrawals by the domestic sector).

14-21 Physical Irrigation 
Water Losses

BCM/Year The amount of irrigation water 
lost in the different elements of 
the irrigation conveyance system 
(canals and drains) through 
seepage and evaporation

The amount of irrigation water lost in the 
different elements of the irrigation conveyance 
system (canals and drains) through seepage 
and evaporation

14-22 Number of Water 
related citations (Water 
Laws Enforcement)

Number Total annual number of water 
related citations

Total annual number of water related citations

14-23 Number of Water 
Users Associations 

Number Number of Water Users 
Associations

Number of Water Users Associations

14-24 Water Users 
Associations Agricultural 
land Coverage 

% of 
Agricultural 
Land 

-Agricultural areas covered by 
water users associations --Total 
agricultural area in the country

100*Agricultural areas covered by water users 
associations /Total agricultural area in the 
country

3.15. Water & International Relations

a)	 Transboundary water bodies’ dependency Ratio: the percent of  annual volumes abstracted from 
transboundary water bodies to total annual available water resources.  

b)	 Shared Waters related Bilateral/ Multilateral Agreements and/or Memorandums of 
Understanding and Cooperation Mechanisms: The number of  Bilateral or Multilateral agreements 
or other sort of  cooperation a particular country is involved in. These agreements should be solely 
intended for transboundary water resources.  

c)	 Number of  Riparians Sharing all Shared Water Bodies

d)	 Number of  Shared Water Resources 

Table 18 shows the indicator assessment Methodologies for this category. 

Table 18. “Water & International Relations” indicators assessment Methodologies
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Indicator Parameter/Unit Data required Methods of measurement  or 
computation 

15-1 Transboundary Water 
bodies’dependency Ratio

 (%) - Total annual volumes abstracted 
from transboundary water bodies
-Total annual available water 
resources

100*Total annual volumes 
abstracted from transboundary 
water bodies /Total annual available 
water resources.

15-2 Shared Waters related 
Bilateral/Multilateral Agreements 
and/or Memorandums of 
Understanding and Cooperation 
Mechanisms

Number The number of Bilateral and/or 
Multilateral agreements or other 
sort of cooperation the country is 
involved in.

Number of Bilateral and/or 
Multilateral agreements or other 
sort of cooperation the country is 
involved in. 

15-4 Number of Riparian’s sharing 
all shared water bodies

Number Number of  Countries sharing all 
shared water bodies

Number of  Countries sharing all 
shared water bodies

15-6 Number of shared Water 
Resources

Number Number of Surface and 
Groundwater bodies  shared with 
neighboring countries

Number of Surface and 
Groundwater bodies  shared with 
neighboring countries
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4. Assessment of  Some State of  the Water Indicators using 
Earth Observation Tools

4.1. Annual Precipitation Volume

Input Data required:

1. Country shape file

2. Climate Hazard Group InfraRed Precipitation With Station (CHIRPS) dataset (Precipitation) 

For the total rainfall depth, the Climate Hazard Group InfraRed Precipitation with Station (CHIRPS) is 
used. The CHIRPS precipitation product is the leading remote sensing precipitation product. 

The CHIRPS algorithm uses multiple satellites and uses ground observations to augment the product.  
The CHIRP algorithm is a precipitation algorithm without ground stations. Quality of  the product is 
good however special care should be taken in mountainous area. 

To create annual values, the monthly values were summed using the Python script. The data is in in 0.05 
degree resolution. 

Steps:

1. Download CHIRPS using ftp

2. Create annual values using Python

3. Rasterize country shape file

4. Multiply rainfall depths by areas to get volumes 

 

4.2. Annual Spatially Averaged Precipitation Depth

Data required:

1. Country shapefile

2. CHIRPS dataset (Precipitation)

The process is exactly the same as for the Rainfall Volume except for the multiplication by area step. 

Steps:

1. Download CHIRPS using ftp

2. Create annual values using Python



49

Assessm
ent of Som

e State of the W
ater Indicators using Earth O

bservation Tools

N-AMCOW Region State of the Water Reporting, Monitoring & Evaluation Operational Framework and Guidelines

M
EW

IN
A

3. Rasterize country shapefile

4. Obtain rainfall depths per country

 

4.3. Rainfed Evapo-Transpiration (ET)

Data required:

1. Country shapefile

2. CHIRPS dataset

3. ET ensemble 

4. MOD13A3 NDVI

An open ET dataset can be obtained by the MOD16 software which is available at http://www.ntsg.umt.
edu/project/mod16 

For the Evapotranspiration or ET, an ensemble product should be used.  The idea behind an ensemble 
product is that it uses multiple ET products to create a new, combined and improved product. The 
ensemble product is further optimized using the MOD13A3 NDVI product to increase the resolution 
to 0.01 degree. 

The ensemble ET product is then compared with the CHIRPS rainfall data. Rainfed ET is capped at 90% 
of  the incoming rainfall on a monthly basis. If  the ET is higher than the P, it is likely that the additional 
ET comes from irrigation, runoff  or groundwater and is thus not directly rainfed. If  the ET is lower that 
90% of  the precipitation, the ET is left unchanged.

Steps:

1. Download ensemble ET 

2. Download Chirps

3. Resample both to the MOD13A3 resolution

4. Set a threshold of  ET maximum 90% of  precipitation

5. Rasterize country shapefile and obtain values per country

 

4.4. Irrigated ET 

Data required:

1. Country shapefile

2. CHIRPS dataset
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3. ET ensemble

4. GlobCover 

5. MOD13A3 NDVI

6. GMIA FAO irrigated areas dataset

There exist a publicly available land-use dataset. This dataset is called GlobCover and is accessible 
through:  http://www.edenextdata.com/?q=content/esa-globcover-version-23-2009-300m-resolution-
land-cover-map-0

The downside of  this dataset is that the data originates from 2009 or earlier. The SENTINEL mission is 
likely to create a better land-use product but this product is not yet released. 

The GlobCover has an irrigated areas land-use class.  The areas for irrigation are investigated during the 
summer. In winter, the difference between P and ET is regarded as the irrigated ET.    The following 
conditions were optimized for the N-AMCOW region. The irrigated areas can be found using the 
following criteria: 

•	 P-ET (summer) < -43 mm 
•	 NDVI (Normalized Difference Vegetation Index)(summer) > 0.3
•	 Land-use class != 70
•	 Land-use class != 50
•	 GMIA > 0 

The first condition ensures that there is a water source other than rain during the summer. This will 
include all irrigated areas but will also include areas with groundwater storage or runoff  inflow. To 
eliminate these non-irrigated areas, the NDVI should be higher than 0.3 It is assumed that farmers will 
either irrigate with sufficient water or they won’t irrigate at all. This can include deficit irrigation. The 
land-use class 70 and 50 in the GlobCover dataset have high NDVI values and sufficiently low P-ET 
values but are not irrigated areas. Therefore these land-use classes are excluded from the irrigated areas. 
Finally as a final check the output is compared with the GMIA or FAO database of  irrigated areas. This 
database has a relatively coarse resolution but can definitely serve as a mask for the newly created high-
resolution irrigation mask.  The data is publicly available at: http://www.fao.org/nr/water/aquastat/
irrigationmap/index10.stm

The output is then multiplied by the ensemble ET product and the country raster file. 

Steps:

1. Download Chirps (web) and ensemble ET (HDD)

2. Transform to annual values and resample to MOD13A3 resolution and extent

3. Calculate P – ET for summer (April – Sept) and check P-Et < -43 mm

4. Download MOD13A3 NDVI data (web)

5. Check if  NDVI > 0.3
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6. Download and resample Globcover (web)

7. Resample land-use class (majority) and exclude 70 and 50

8. Download and resample GMIA 

9. Resample (bilinear) GMIA irrigated areas and check if  > 0

10. Rasterize country shapefile and obtain values per country

4.5. Evaporation losses from barren lands

Data required:

1. Country shapefile

2. ET ensemble

3. GlobCover 

This indicator uses only two datasets: GlobCover and the ET ensemble. 

Although the areas might have changed from barren to other land-use classes or from other land-use 
classes to barren, the result on the mean precipitation or ET depth will be minimal. The reason for this 
is the large areas of  barren lands in the N-AMCOW region. Each country has significant areas of  barren 
lands. The definition of  barren land in the GlobCover dataset is land devoid of  vegetation. It can receive 
precipitation and hence also exhibit ET. 

Steps:

1. Download GlobCover dataset

2. Resample to ET ensemble resolution and extent 

3. Multiply barren areas (value == 200) with ET ensemble

4. Create values per country 

4.6. Evaporation losses from open water bodies

Data required:

1. Country shapefile

2. ET ensemble

3. GlobCover 

4.	 MOD13A3 NDVI 
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Although the GlobCover dataset has a specific class for water bodies, the dataset can be further updated. 
In order to be classified as open water the pixel must pass two conditions:

1. Land-use class == 210

2. NDVI < 0 

Steps:

1. Download GlobCover dataset

2. Obtain ET ensemble dataset 

3. Resample to ET ensemble resolution and extent 

4. Download MOD13A3 NDVI dataset 

5. Create annual values

6. Resample to same extent and resolution

7. Apply conditions in raster calculator

8. Multiply new water mask with ET ensemble 

9. Create values per country 

4.7a. Groundwater recharge from Precipitation

Data required:

1. Country shapefile

2. ET ensemble

3. CHIRPS

4. PCRGlobWB recharge 

5. PCRGlobWB runoff

6. WhyMap 

The rationale behind the determination of  the recharge and runoff  values is to have a closed water 
balance.  A very simplified water balance can be expressed as  precipitation minus evapotranspiration 
equals recharge plus runoff. 

P – ET = R + Q 

The PCRGlobWB dataset can be ordered at : http://pcraster.geo.uu.nl/courses/how-to-subscribe/ 

The fraction of  recharge and runoff  are determined as follows

Frecharge = R / (R + Q) 
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Frunoff  = Q / (R + Q ) = 1 – Frecharge 

Steps:

1. Download and resample CHIRPS

2. Download and resample ET ensemble 

3. Determine P – ET 

4. Download and resample PCRGlobWB R and Q

5. Create Recharge fraction

6. Multiply fraction by P- ET and set minimum to zero

7. Create values per country

4.7b. Groundwater recharge and Extraction 

Data required:

1. Country shapefile

2. ET ensemble

3. CHIRPS

4. PCRGlobWB recharge 

5. PCRGlobWB runoff

6. WhyMap 

The difference from the previous indicator is that it is not restricted to positive terms. The negative term 
indicates groundwater extraction or water from the top-soil.  

Steps:

1. Download and resample CHIRPS

2. Download and resample ET ensemble 

3. Determine P – ET 

4. Download and resample PCRGlobWB R and Q

5. Create Recharge fraction

6. Multiply fraction by P- ET and set minimum to zero

7. Create values per country
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4. 8a. Surface runoff  from rainfall

Data required:

1. Country shapefile

2. ET ensemble

3. CHIRPS

4. PCRGlobWB recharge 

5. PCRGlobWB runoff

6. WhyMap 

Steps:

1. Download and resample CHIRPS

2. Download and resample ET ensemble 

3. Determine P – ET 

4. Download and resample PCRGlobWB R and Q

5. Create Runoff  fraction

6. Multiply fraction by P- ET and set minimum to zero

7. Create values per country

 

4.8b. Surface runoff  and surface water extraction

Data required:

1. Country shapefile

2. ET ensemble

3. CHIRPS

4. PCRGlobWB recharge 

5. PCRGlobWB runoff

6. WhyMap 

Steps:

8. Download and resample CHIRPS

9. Download and resample ET ensemble 

10. Determine P – ET 
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11. Download and resample PCRGlobWB R and Q

12. Create Runoff  fraction

13. Multiply fraction by P- ET and set minimum to zero

14. Create values per country

4. 9. Green Cover land-use change

Data required:

1. Country shapefile

2. MOD13Q1 NDVI 

For this indicator, a 250 m resolution 16-daily NDVI dataset called MOD13Q1 is needed. For time 
analysis, MODIS data is convenient because historical data from the year 2000 is available. 

There are four possibilities for each pixel. 

1. The land-use class used to be non vegetated and is still non vegetated

2. The land-use class used to be non vegetated and is now vegetated

3. The land-use class used to be vegetated and is now non vegetated

4. The land-use class used to be vegetated and is still vegetated. 

To investigate the change of  landuse, one has to look at the difference in NDVI. It should be well 
noted that there are two difficulties in NDVI comparison. The first is the amount of  precipitation. If 
precipitation is high, average values of  NDVI will increase. The other difficulty is cloud cover. 

After the data is in a useful coordinate system in geotiff  format, the changes can be detected.  The 
conditions are as follows: 

If  the difference in NDVI between the two datasets of  two different years is smaller than – 0.3, then the 
area has turned to a barren/urban area. 

If  the difference in NDVI between the two datasets of  two different years is larger than 0.3, then the area 
of  interest has turned into vegetated lands. The land-use classes that did not change can be classified in 
vegetated and urban/barren using the absolute NDVI value. 

Steps:

1. Download Modis data using GloVis

2. Download both long and short term NDVI maps, 

3. Resample and create Mosaic in MODIS tool

4. Check if  projection is set correctly
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5. Create difference maps for NDVI long term and short term

6. Check with CHIRPS rainfall patterns for biases

7. Set change threshold to 0.3 deltaNDVI

Plotting the Results in QGIS software

The values in this raster are:

1: Change from green to grey

2: Change from grey to green

4: Water bodies 

-9999: Other and nodata

In order to create a plot the raster needs to be added to  QGIS software. At least 4GB of  RAM are 
needed to do that. 

The Layer properties need to be selected, and the no-data values has to be set to transparent as shown 
below: 
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The Color Range should then be set from 0 to 4 as shown below:

When the Open layers plugin is installed, the google satellite baselayer should be added to the plot in to 
an area of  interest as shown below:

The Output would look like what is shown below. The colored pixels show areas that turned grey or 
green in the time between two different years  depending on the datasets loaded. 
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new print composer should be clicked as shown below:

The composition should be given a name, and the map should be added to the composition using the 
button on the left as shown below:
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Legends, labels,…etc could be added as shown below:
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4.10. Impact of  NDVI change on ET 

Data required:

1. Country shapefile

2. MOD13Q1 NDVI

3. ET ensemble product

For this analysis the Green Cover Landuse Change is used together with the ET ensemble product 
as described under 4.3. The relation to NDVI change and ET change is 1.13 with ET being the more 
sensitive one. This relation is used to update ET values for 2011 and 2001. 

Steps:

1. Execute the same operations as in 4.9

2. Create the short (annual) difference 

3. Obtain the ET ensemble product  (monthly)

4. Resample to same resolution and extent as NDVI

5. Use the short term change raster (>0.3 or <-0.3) and multiply with ET ensemble. 

4. 11. Impact of  NDVI change on groundwater recharge

Data required:

1. Country shapefile

2. PCRGlobWB recharge

3. PCRGlobWB runoff

4. MOD13Q1 NDVI

5. CHIRPS P 

6. ET ensemble product

Since the data for recharge and runoff  are unavailable (publicly), the fraction approach is used to 
investigate the impact of  NDVI change on Groundwater Recharge and Runoff.  First, the same short 
NDVI difference maps is created as described in 4.9. Next the difference in P and ET for January and 
December in the year of  interest is investigated. 

Next , the Recharge is calculated and multiplied  by the short term change raster as described in 4.9. 
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The result is the change in ET in the pixels where the NDVI changed by a factor of  more than 0.3. A 
change to green will have a positive effect on the ET whereas a change to urban/barren will likely have 
a negative effect. Two outputs can be created: One for the positive changes, and one for the negative 
changes.  The net effect is the sum of  both changes. 

It is to be noted that due to tides and water reflectance, NDVI values at the coast are of  low quality. 
Therefore as a final check, one could create a negative buffer (eroded) of  the countries shapefile. 

Steps:

1. Execute the same operations as in SOWI 9 to create short term change raster

2. Resample R and Q and create new fractions

3. Resample P 

4. Resample ET ensemble

5. Calculate P – ET for Jan and Dec

6. Determine Recharge and Runoff  for Dec and Jan 

7. Multiply the results with the short term difference raster 

8. Calculate values per country 

9. Optional (remove cells near the coast) 

4.12. Impact of  NDVI change on runoff 

Data required:

1. Country shapefile

2. PCRGlobWB recharge

3. PCRGlobWB runoff

4. MOD13Q1 NDVI

5. CHIRPS P 

6. ET ensemble product

The assessment of  this indicator follows the same reasoning as 4.11. The only difference is that the 
fraction for runoff  is determined by Q/(R+Q).

Steps:

1. Execute the same operations as in SOWI 9 to create short term change raster

2. Resample R and Q and create new fractions

3. Resample P 
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4. Resample ET ensemble

5. Calculate P – ET for Jan and Dec

6. Determine Recharge and Runoff  for Dec and Jan 

7. Multiply the results with the short term difference raster 

8. Calculate values per country 

9. Optional (remove cells near the coast) 

Plotting the Results (Applies to 4.10, 4.11, and 4.12)

In order to create the same maps shown in 4.9 for 4.10, 4.11, and 4.12, one additional step need to be 
made, which is explained here:

1. Add the required maps to QGIS. 

2. The NDVI change map need to be imported as mentioned in 4.9

The layers menu should be shown as below:
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In the next Figure , the  pixels that changed from grey to green (value = 2 ) are  multiplied  by the 
difference in ET between the two datasets of  two different years.

The following statement will put a (-9999) value when either of  the ET values is invalid (< -5000) or the 
land-use change is not 2.
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5. Shared River Basin SOW indicators, Definitions, and 
Assessment Methodology

The main focus will be Blue Renewable Surface Water related to the shared River Basin. The total 
precipitation on the whole basin as well as Basin countries and the associated green water consumptions 
must be also showcased. The indicators are as follows. Many indicators will have similar names to National 
SOW indicators; however, the scope of  assessment will be the whole Basin and the Countries portion 
of  the Basin. Indicators that will need additional assessment methodologies will be showcased in tables 
below each category. 

5.1. Water & Availability

•	 Annual Spatially Averaged  Precipitation Depth: Average precipitation over space  in depth 
•	 Annual Precipitation Volume (in the Basin): Average Precipitation over space in volume, it is 

the product of  the Annual Average Precipitation Depth and the Effective Rainfall area in the Basin’s 
portions in countries. 

•	 Annual Precipitation Volume (In the Basin Countries): Average Precipitation over space in 
volume, it is the product of  the Annual Average Precipitation Depth and the Effective Rainfall area 
in the whole Countries.  

•	 Internal Renewable Blue Surface Water (IRSW): The amount of  precipitation that is neither 
beneficially abstracted from the atmosphere, nor infiltrated in the ground, but flows overland until 
the basin’s outlet. 

•	 Internal Renewable Blue Groundwater (IRG):  Groundwater Recharge is the total volume of 
water entering underground sources of  water (typically aquifers) within the basin’s boundaries from 
endogenous (internal) precipitation and surface water flow  

•	 Total Internal Renewable Blue Water Resources (TIRBWR)=(IRSW+IRG):  Annual flow of 
the river and recharge of  aquifers generated from endogenous precipitation. Double counting of 
surface water and groundwater resources is avoided by deducting the overlap from the sum of  the 
surface water and groundwater resources. 

•	 Surface Blue Water Inflows to Basin Countries: Total blue surface water flowing into each basin 
countries within the Senegal Basin system

•	 Surface Blue Water outflows from Basin Countries: Total blue surface water flowing from each 
basin country within the Senegal Basin system

•	 Overlap between Blue surface water and Blue Groundwater (OSW): Part of  the renewable 
freshwater resources that is common to both the river flow water and groundwater. It is equal to 
groundwater drainage into the river (typically, base flow of  the river) minus seepage from the river 
into aquifers. 

•	 Green Water Consumptions for Rain-fed agriculture: The total amount of  precipitation directly 
consumed by rain fed agriculture in the basin. 

•	 Green Water Consumption for Pasture Areas: The total amount of  precipitation directly consumed 
by pasture areas in the basin. 
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•	 Green Water Consumptions for Forest Areas: The total amount of  precipitation directly consumed 
by forests in the basin. 

•	 Total Renewable Green Water Resources: The total amount of  precipitation directly consumed by 
forests, pasture areas, and rainfed areas in the basin. 

•	 Total Renewable   Water Resources (TRWR)=(TIRBWR+TRGWR): The Total Renewable 
Water Resources is hence calculated as the sum of  the total Internal Renewable Blue Water Resources 
and the total Green Water.

Table 19 shows the assessment methodologies for the indicators under this Category

Table 19. “Water & Availability” Indicators Assessment Methodologies in River Basins
Indicator Parameter/Unit Data required Methods of measurement  or computation 

Annual Spatially 
Averaged  Precipitation 
Depth (in the Basin)

MM Rainfall gauges readings 
from around the basin , 
locations of these gauges

Thiessens Polygons for all countries as explained 
in National SOW indicators. The produced 
precipitation contour map will then be overplayed 
on the Basin map and the precipitation depths in 
the basin will be determined. 

Annual Precipitation 
Volume (in the Basin)

BCM Basin Precipitation contour 
maps 

The Basin precipitation depths will be multiplied 
by their corresponding iso-heights obtained from 
Basin precipitation contour maps

Annual Precipitation 
Volume (In the Basin 
Countries)

BCM Annual Precipitation depths, 
effective precipitation areas

Same as in National SOW indicators

Internal Renewable 
Surface Water (IRSW)

 Runoff  (BCM /
Year)

-Surface water flows 
-Water levels in the 
hydrometric stations

Sum of annual surface water flows in all sub 
basins

Internal Renewable 
Groundwater (IRG)

Groundwater 
recharge, 
Infiltration  (BCM 

/ Year)

Annual precipitation, 
Surface water flow, outcrops 
areas, Infiltration

Modeling, earth observation tools

Surface Water Inflows to 
Countries

 (BCM/Year) -Surface water inflows  to 
the country
-Water levels in the 
hydrometric stations

Measured in gauging stations located at the 
entrance of rivers across borders; it concerns 
surface inflows from upstream neighboring 
country. 
-Total surface inflows from upstream neighboring 
country.   

Surface Water Outflows 
from countries 

(BCM/Year) -Surface water outflows  
from the country
-Water levels in the 
hydrometric stations

- Measured in gauging stations located at the 
exit of rivers across borders, it concerns surface 
outflows to downstream neighboring country.   
-Total surface outflows towards downstream 
neighboring country.   

Overlap between Blue 
surface water and Blue 
Groundwater

(BCM/Year) Base flow of rivers
Seepage from rivers into 
aquifers

It is equal to groundwater drainage into rivers 
(typically base flow of 
Rivers) minus seepage from rivers into aquifers. 
(FAO)

1-20 Total Renewable 
Green Water Resources  
(TRGWR)

BCM/Year -Total Average Vegetation 
abstractions 
 -Total Area of Vegetation 
-Satellite imagery 

Total amount of precipitation directly consumed 
by rain fed agriculture, pasture and forests areas, 
will be assessed for countries in the Basin and 
then overlayed on the Basin map using GIS

5.2. Water & Uses

The main focus will be direct consumptions from the shared river system of  interest with some emphasis 
on direct beneficial consumptions from green water within the basin.  The indicators are as follows: 
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•	 Withdrawals from Blue Surface water: Annual gross amount of  water extracted from river basin 
•	 Withdrawals from Blue Ground water: Annual gross amount of  water extracted from Aquifers 

within the basin
•	 Withdrawals for the Domestic Sector: Total annual volume of  blue surface water withdrawals used 

for domestic purposes in the basin. 
•	 Withdrawals for the Industrial Sector: Total annual volume of  blue surface water withdrawals used 

for industrial purposes in the basin. 
•	 Withdrawals for the Agricultural Sector: Total annual volume of  blue surface water withdrawals 

used for agricultural purposes in the basin. 
•	 Greenwater Consumption for Agriculture: The total volume of  green water annually consumed 

by rain-fed agriculture. 

The most important step in assessing the indicators under this category is to focus on waters used from 
the Basin of  interest. This could be achieved by contacting the Regional Basin authority, or the relevant 
National authority in charge of  the River Basin of  interest. 

5.3. Water & Land Use Changes

This category will focus on the Land Use within the river’s catchment area, the indicators are as follows: 
•	 Total Irrigated  Agricultural land:  Total water managed agricultural area  in the basin 
•	 Total Rainfed Agricultural land: The total rainfed agricultural area in the Basin
•	 Total Pasture area in the Basin
•	 Total Forests area in the Basin
•	 Urban Encroachment on Agricultural land: Is the loss of  agricultural land caused by urbanization, 

and is expressed by agricultural area lost/ year
•	 Impact of  Urban Encroachment on agricultural land: Is the amount of  water resources gained or 

lost due to urban encroachment on agricultural lands and is assessed through the following indicators: 
a)	 The increase of  surface runoff: under the assumption that most of  the volume that used to 

infiltrate to the root zone will be changed into surface runoff  due to the drastic difference in 
permeability between agricultural land and asphalt, the increase of  surface runoff  is estimated as 
80-90% of  the decrease in the amount of  water infiltrated to the root zone in rainfed agriculture. 

b)	 The decrease in water consumptions of  Green Cover: defined as the product of  the green 
cover area lost due to urban encroachment and the average consumption of  the unit area. 

c)	 The increase in domestic water withdrawals: defined as the total volume used by the population 
that re-located to the abused areas which is given by the product of  the estimated population and 
the annual average domestic water consumption per capita (100-200 cubic meters).

GIS and Remote sensing techniques will not only be used to locate the landuse changes but to also 
indicate where the changes occurred with respect to the basin boundaries. 
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5.4. Water & Energy

This category will focus on the infrastructure related to power generation in the Basin of  interest , the 
indicators are as follows:
•	 Electricity Generated using Hydropower: Hydropower production as percent of  total electricity 

production (World Bank). And, the Hydropower generated per year. 
•	 Electricity Generated using Hydropower as a percent  of  all generated Electricity
•	 Installed Hydrocapacity: Sum of  all generator nameplate power ratings (in GW) from the installed 

Hydropower Plants (AMCOW, 2012). 
•	 Water used to generate electricity:  The total annual volume of  inflow through all hydro generators.

While most of  the indicators under this category will be assessed on a per-country basis with direct 
emphasis on the River Basin of  interest, references to joint benefit sharing mechanisms must be made 
under this category.

5.5. Water & Services

This category will focus on the infrastructure related to storage; the indicators of  this category are as 
follows: 
•	 Dam Storage capacity: The total capacity of  all water regulating structures installed in the basin. 
•	 Maximum Annual Dam Storage Reached: is the actual storage reached in a given year, which 

should always be lower than the Dam Storage Capacity. 
•	 Water Supply and Sanitation Coverage in Basin Countries
All of  the indicators under this category will be assessed for each Basin Country with direct relevance to 
the Basin of  interest. 

5.6. Water & Population

This category features different demographical data about the River basin of  interest, based on the total 
population of  the basin which is different than the total population of  the basin countries, the indicators 
are: 
•	 Total Population of  the Basin
•	 Internal Renewable Water Resources per Capita: annual flow of  the river and recharge of  aquifers 

generated from endogenous precipitation, on a per person basis (Modified from FAO).
•	 Total Renewable Water Resources per Capita: Is the sum of  total internal renewable blue and 

green water resources, on a per person basis. 
•	 Green Water Consumption Per Capita: The total amount of  precipitation directly consumed by 

pasture areas, rainfed areas, and forest areas in the basin, on a per person basis. 
•	 Total Water Consumption Per Capita: The gross amount of  water extracted from the basin’s 
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surface water, on a per person basis. 
•	 Agricultural Water Withdrawal Per Capita: The sum of  total agricultural abstractions from the 

basin’s surface water, and direct beneficial abstractions from precipitation in rain-fed areas in the 
basin, on a per person basis.  

•	 Industrial Water Withdrawal Per Capita: Total annual volume of  water withdrawals from the 
basin’s surface water used for industrial purposes on a per person basis. 

•	 Domestic Water Withdrawal Per Capita: Total annual volume of  water withdrawals from the 
basin’s surface water used for domestic purposes on a per person basis.  

The main indicator to assess under this category is the population inside the Basin. 

5.7. Water & Quality

The following indicators should be measured or reported for in all surface water quality monitoring 
stations in each country within the basin area to identify the average, minimum, and maximum values for 
each indicator, it is anticipated that in each country, there will be  several hotspots where the assessment 
of  such indicators is most crucial , the values of  all of  these indicators are directly connected to 
anthropogenic activities: 

•	 Dissolved oxygen (ppm):  is a measure of  free (i.e., not chemically combined) oxygen dissolved in 
water. It is essential to the metabolism of  all aerobic aquatic organisms. Reduced levels could harm 
and even kill plants and fish.

•	 pH (dimensionless):  is a measure of  the acidity or alkalinity of  a water body. It can affect aquatic 
organisms both directly, by impairing respiration, growth, and development of  fish, and indirectly, by 
increasing the bioavailability of  certain metals such as aluminum and nickel.

•	 Electric Conductivity: measured in 1/OHM (S/M) is a measure of  the ability of  water to carry an 
electric current, which depends on the presence of  ions. Increases in conductivity can lead to changes 
that reduce biodiversity and alter community composition.

•	 Total Dissolved Solids (ppm):  is a measure of  the combined content of  all organic and inorganic 
substances contained in a water sample. 

•	 Nitrogen Concentration (ppm): Nitrogen and phosphorus are naturally occurring elements 
essential for all living organisms. But they are often found in growth-limiting concentrations in aquatic 
environments. Increases in nitrogen or phosphorus in natural waters, largely as a result of  human 
activities in the drainage basin (e.g., from agricultural runoff  from manure and synthetic fertilizers, 
and from municipal and industrial waste-water discharge), can overstimulate plant growth and choke 
off  oxygen supplies. 

•	 Phosphorous Concentration (ppm):  See above.

5.8. Water & Ecosystems

The indicators under this category are as follows:  
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•	 Number of  wetlands sites: Including those acknowledged by RAMSAR, Sabkhas, and water bodies 
of  special importance in the Basin.  

•	 Total Wetlands areas (to be calculated by earth observation tools). 
•	 Number of  Endangered species: The total number of  endangered species that dwells partially or 

permanently in the water bodies inbounded within the Basin. 
•	 Number of  Invasive species: The total number of  invasive species that dwells partially or 

permanently in the water bodies inbounded within the Basin. 
•	 Total Freshwater Species Count:  The total number of  species that dwells partially or permanently 

in the water bodies inbounded within the Basin.

The indicators under this cateogory are to be reported by individual Environmental agencies in Basin 
countries and/or Regional Basin Organizations. 

5.9. Water & Climate

Extreme Weather Events within the Basin’s Domain
•	 Number of  Class 1 Flood Events:  Class 1 floods are large flood events causing significant damage 

to structures or agriculture; fatalities; and/or 1-2 decades-long reported interval since the last similar 
event (Dartmouth, 2013)

•	 Number of  Class 1.5 Flood Events: Class 1.5 floods are very large events: with a greater than 2 
decades but less than 100 year estimated recurrence interval, and/or a local recurrence interval of  at 
1-2 decades and affecting a large geographic region (> 5000 sq. km) (Dartmouth, 2013)

•	 Number of  class 2 Flood Events: Class 2 flood events are  extreme events with an estimated 
recurrence interval greater than 100 years (Dartmouth, 2013)

•	 Drought Events: a drought event is a long period of  abnormally low rainfall, especially one that 
adversely affects growing or living conditions. The abnormally low rainfall will be taken as 25% of 
the record monthly average. In other words, a period where rainfall has been consistently lower than 
25% of  the record average will be considered a drought event. 

•	 Cost of  Annual Damage Induced by Floods: estimate to be reported by the national authority
•	 Cost of  Annual Damage Induced by Droughts: estimate to be reported by the national authority
•	 Annual Human Losses Related to Floods. 
•	 Annual Human losses Related to Droughts. 

The indicators in this category are to be reported for each basin country by the methodologies indicated 
in Table 11. 

5.10. Water & Socio-Economics

The following indicators relate directly the socio-economic aspects of  the Basin of  interest: 

•	 Industrial water productivity: It is the ratio of  the Industrial GDP to the industrial withdrawals 
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•	 Agricultural water productivity (Crop per Drop): It is the ratio of  the Industrial GDP to the 
industrial withdrawals 

•	 Employment in Agriculture “Job per Drop”: The ratio of  total labor employed in Agriculture in 
the Basin to the total agricultural withdrawals from the Basin (including irrigation withdrawals and 
rain fed agriculture green water consumption)

•	 Employment in Industry “Industry Job per Drop”: The ratio of  total labor employed in Industry 
in the Basin to the total industrial withdrawals from the Basin. 

The indicators in this category are to be reported for each basin country by the methodologies indicated 
in Table 12.

5.11. Water & Trade

The following indicators are related to the trade of  virtual water in the Basin of  interest: 
•	 Total Agricultural Virtual Water Import: Total inflow of  virtual water which in turn is defined as 

the volume of  freshwater used to produce the product, measured at the place where the product was 
actually produced (Hoekstra and Chapagain, 2001). 

•	 Total Agricultural Virtual Water Export:  Total outflow of  virtual water which in turn is defined 
as: the volume of  freshwater used to produce the product, measured at the place where the product 
was actually produced (Hoekstra and Chapagain, 2001).

The indicators in this category are to be reported for each basin country by the methodologies indicated 
in Tables 14 through 16 for all Basin Countries. 

Table 20 shows the amount of  water embedded in significant agricultural products that are traded in 
countries that share major River Basins with the N-AMCOW Region countries.

Table 20. Virtual Water inside significant commodities in countries sharing Rivers with N-AMCOW countries
Item Cubic Meters per Ton

Palm oil 18000

Sugar 1929

Vegetable Oil 18000

Wheat 1334

Maize 909

Malt 1910

Rice 2291

Milk 5000

Sorghum 1910

Coffee 7000

Tea 2500

Vegetables 195

Tobacco 9000

Fruits 455
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Item Cubic Meters per Ton

Cotton Lint 10000

Cashew 5000

Red Meat 15497

Coffee, green 7000

Sesame seed 909

Beans, dry 195

Goat meat 15497

Chick peas 195

Broad beans, horse beans, dry 195

Ginger 455

Oilseeds 18000

Potatoes 255

Sheep meat 15497

Vegetables Dehydrated 195

Sorghum 1910

Meat-CattleBoneless(Beef&Veal) 15497

Beans, green 195

Tomatoes 455

Anise, badian, fennel, corian. 455

Pepper (Piper spp.) 195

Pastry 1200

Paste of Tomatoes 455

Flour of Cereals 1,200

Tea 2,500

Molasses 1,910

Olive oil, virgin 18,000

Pig meat 6,000

Sugar Confectionery 1,929

Beer of Barley 1,910

Turkey meat 2,046

5.12. Water & International Relations

•	 Dependency Ratio: the percent of  annual volumes abstracted from the Basin of  interest to total 
annual available water resources.  

•	 Shared Waters related Bilateral/ Multilateral Agreements and/or Memorandums of 
Understanding and Cooperation Mechanisms: The number of  Bilateral or Multilateral agreements 
or other sort of  cooperation a particular country is involved in. These agreements should be solely 
intended for transboundary water resources.  

•	 Presence of  Other Water Bodies in Riparian Countries 
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•	 Factors for Reasonable and Equitable Utilization: 
o	 Country’s Area inside the Basin and Basin’s area inside each Basin Country (In values and 

percentages)
o	 Basin Country’s Precipitation and the Precipitation in the Portion of  the Basin in each Basin 

Countries (In Values and Percentages)
o	 Countries Population Inside and outside of  the Basin (In Values and Percentages)

The indicators in this category are to be reported for each basin country 
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6. Shared Aquifer SOW indicators, Definitions, and Assessment 
Methodology

6.1. Water & Availability

The main focus will be Blue Renewable and Non-Renewable Groundwater associated with a Shared 
aquifer. In case of  renewable aquifers, recharge rates will be presented if  available.  The indicators are as 
follows: 
•	 Internal Renewable Groundwater (IRG):  Groundwater Recharge is the total volume of  water 

entering the aquifer.
•	 Total Exploitable Non-Renewable Ground Water Resources: The annual extractable amount of 

non-renewable groundwater according to a pre specified safe yield that is dictated by a pre-specified 
sustainability period (x number of  years) and a specific annual permissible drawdown.

•	 Country’s Area inside the Aquifer 
•	 Potential Volume for Each Country: Based on the country’s area inside the Aquifer on the Aquifer’s 

total potential yield. 
•	 Inflow to Each Country 
•	 Outflow from Each Country 
•	 Pieozometric Water Heads: Observed from observation wells
•	 Depth from water to Basement/Confining Layer (Unconfined Aquifer): The vertical distance 

measured from the ground water table to the bottom of  the unconfined water bearing formation 
which in some cases could be the top of  a confining layer. 

•	 Depth to Water Table (Unconfined Aquifer): The vertical distance from the ground surface to the 
water table in case of  unconfined aquifers. 

•	 Depth to Piezometric Surface (Confined Aquifer): The vertical Distance from the ground surface 
to the water level of  the confined water bearing formation. It is worth mentioning that there are cases 
where more than one confined water bearing formation are present at different heights within the 
same vertical domain, and that  there are cases where the piezometric surface is above the ground. 

•	 Depth to bottom of  confined layer (Confined aquifer): The vertical Distance from the ground 
surface to the bottom of  the confined water bearing formation.

The indicators under this category must be assessed by generating a Numerical model for the Aquifer of 
interest where the inflows, outflows, and Pieozometric Water heads can be annually or at least bi-annually 
updated. 

As for the different indicators related to the depth to water, it needs a rigorous stratigraphy study which 
can be significantly enhanced by increasing the intensity of  electric logs along the Aquifers domain. The 
stratigraphy analysis itself  will be an important input to the numerical model, along with the withdrawal 
rates discussed in the next section. 
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6.2. 	Water & Uses

The main focus will be direct abstractions from the shared aquifer of  interest.  The indicators are: 
•	 Withdrawals from Blue Groundwater: Total abstractions from the aquifer.
•	 Withdrawals from exploitable non-renewable Groundwater: Total annual volumes abstracted 

from the non-renewable groundwater.  
•	 Extraction zones of  the aquifer: The different zones where clusters of  extraction wells are present 

will be highlighted on a map. 
•	 Annually observed drawdown: The decrease in Water levels in Groundwater wells as a direct result 

of  extraction. 

The Withdrawals and the extraction zones are to be reported by the Agency in charge of  the Aquifer 
operation in each riparian country and/or the Regional Organization in charge. The maximum and 
minimum Drawdown  along the Aquifer domain as well as in each aquifer countries will be determined 
by a numerical model based on the withdrawal rates of  any given year. 

6.3. 	Water & Land Use Changes

This category will focus on the Land Use within the Aquifer’s geographical domain, the indicators are as 
follows: 

•	 Total Irrigated  Agricultural land:  Total water managed agricultural area  in the basin 
•	 Total Rainfed Agricultural land: The total rainfed agricultural area 
•	 Total Pasture area
•	 Total Forests area
•	 Urban Encroachment on Agricultural land: Is the loss of  agricultural land caused by urbanization, 

and is expressed by agricultural area lost/ year
•	 Impact of  Urban Encroachment on agricultural land: Is the amount of  water resources gained or 

lost due to urban encroachment on agricultural lands and is assessed through the following indicator: 

The Decrease in Groundwater Recharge caused by Urban Encroachment: defined as total volume of  water 
that would have naturally entered underground sources of  water (typically aquifers) in the urbanized areas 
from endogenous (internal) precipitation and surface water flow, had urbanization not taken place (FAO)

GIS and Remote sensing techniques will not only be used to locate the landuse changes but to also 
indicate where the changes occurred with respect to the Shared Aquifer boundaries. 

6.4. 	Water & Population

This category will feature different demographical data about a particular aquifer, if  the total aquifer-
bound population is known. The indicators are as follows: 
•	 Total Aquifer Bound and Dependent Population
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•	 Internal Renewable Water Resources per Capita:  Recharge of  the aquifers generated from 
endogenous precipitation, on a per person basis (Modified from FAO). 

•	 Groundwater Water Withdrawal per Capita: Total annual abstractions from groundwater sources 
including non-renewable groundwater, on a per person basis (modified from FAO).

Renewable Water Resources per Capita (for the whole country population)

The most important indicator to be assessed under this category is the total Aquifer bound and dependent 
population which will be, ideally, determined by the Regional Aquifer Organization and/ or the riparian 
countries. 

6.5. Water & Quality 

The following indicators are to be assessed in different areas within the Aquifer’s domain: 
•	 Chloride Concentration
•	 Nitrate Concentration
•	 Electric Conductivity
•	 Total Dissolved Solids
•	 Fluoride Concentration

The indicators under this cateogory shall be assessed in multiple location in Basin countries and overall 
Water quality distribution maps will be presented. 

6.6. 	Water & Ecosystems

The following indicators are to be assessed within the Aquifer’s domain: 

•	 Number of  Groundwater Based Ecosystems	
•	 Number of  RAMSAR Wetlands in the Aquifer Domain	
•	 Number of  Endangered Species	
•	 Number of  Invasive Species	

The indicators under this category are to be reported by individual Environmental agencies in Aquifer 
countries and/or Regional Organizations.

6.7. 	Water & Governance

The following indicators are to be assessed within the Aquifer’s domain: 
•	 IWRM Plan (Yes/No): The Presence of  a plan for the whole Aquifer or the presence of  individual 

country plan related to the country’s part in the Aquifer. 
•	 Well Permits to date: The total number of  Authorized wells
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•	 Volumetric Groundwater Rights: The Total Volume of  Groundwater Rights associated with all 
well permits

•	 Unlicensed Groundwater Abstractions: Defined as the difference between the total volume of 
withdrawals and the Volumetric Water Rights. 

The indicators under this category are to be reported by individual authorities in Aquifer countries and/
or Regional Organizations.

6.8. 	Water & International Relations

The following indicators are for countries only, and not for the Basin as a whole: 
•	 Dependency Ratio: the percent of  annual volumes abstracted from the Basin of  interest to total 

annual available water resources.  
•	 Shared Waters related Bilateral/ Multilateral Agreements and/or Memorandums of 

Understanding and Cooperation Mechanisms: The number of  Bilateral or Multilateral agreements 
or other sort of  cooperation a particular country is involved in. These agreements should be solely 
intended for transboundary water resources related to the aquifer of  interest.  

•	 Presence of  Other Water Bodies in Riparian Countries.
•	 Presence of  other Water Resources: The total volume of  Renewable Water Resources available 

annually to each Riparian country from sources other than the Aquifer of  interest. 
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7. Preparation of  the Regional SOW and Shared River / 
Aquifer SOW

The different SOW indicators have been presented to assist in the production of  different State of  the 
Water Reports on the National, Regional, and shared River Basin/ Aquifer levels. The following reports 
will be expected Bi-annually to cover all aspects of  Monitoring and Evaluation of  the Water Sector in the 
N-AMCOW Region: 

1. National SOW Reports

2. N-AMCOW Region SOW report (drawing from results of  National SOW reports)

3. Regional Shared Aquifers SOW reports

4. Regional River Basin SOW reports

It is anticipated that all SOW reports will include the following: 

1. Tabulated Indicator values for each category (15 categories in case of  National and N-AMCOW 
Region Reports, 12 categories in case of  shared River Basins SOW, and 8 categories for Shared Aquifer 
SOW reports)

2. Complete analysis after each category indicating possible reasons for the change in indicators values as 
well as detailed assessment of  trends in light of  available historical data for each indicator.

3. Illustrative graphs and Pie charts indicating showcasing different indicator values for different countries, 
where applicable. Pie charts should reflect distribution of  total resources/ uses where applicable. 

4. Photos tackling different indicator categories, taken exclusively for the sake of  their relevant SOW 
reports. 

Table 20 shows the Required Graphs and photos for each category of  Indicators for National and 
Regional SOW reporting, Shared River Basin SOW Reporting, and Shared Aquifer SOW reporting. 

Table 21. Required Figures and Photos for SOW Reporting

Category National And Regional SOW Shared River SOW Shared Basin SOW

Water & 
Availability

o	 Bar Charts showing Different Coun-
tries in Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Pie Charts Showing totals and sub 
totals for all kinds of Water Re-
sources 

o	 GIS maps showing Annual Precipi-
tation and Historical Precipitation 
trends expressed in Depths and 
Volumes

o	 GIS maps showing Surface Runoff, 
Groundwater Recharge, and Surface 
and Groundwater Extractions

o	 Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Pie Charts Showing totals and 
sub-totals for all kinds of Water 
Resources (Related to the Basin 
of Interest and outside of it)

o	 Photos showing different reach-
es of the Basin of Interest 

o	 GIS maps showing Annual 
Precipitation and Historical Pre-
cipitation trends expressed in 
Depths and Volumes

o	 GIS maps showing Surface 
Runoff, Groundwater Recharge, 
and Surface and Groundwater 
Extractions

o	 Bar Charts showing indi-
cator values for different 
countries 

o	 Bar Charts Showing His-
torical Data 

o	 Pie Charts Showing all 
kinds of Water Resources 
related to the Aquifer of 
interest

o	 Contour maps showing 
Piezometric heads

o	 Contour maps showing 
depth to Water (for Con-
fined and Unconfined 
Aquifers



79N-AMCOW Region State of the Water Reporting, Monitoring & Evaluation Operational Framework and Guidelines

M
EW

IN
A

Preparation of the Regional SO
W

 and Shared River / Aquifer SO
W

Category National And Regional SOW Shared River SOW Shared Basin SOW

Water & Uses o	 Bar Charts showing indicator values 
for different countries in Case of 
Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Pie Charts Showing all kinds of 
Water Uses 

o	 GIS maps showing  Surface and 
Groundwater Extractions as well as 
Green Water Consumptions

o	 GIS maps showing 
Evapotranspiration and Evaporation 
maps as shown in sections 4.3 
through 4.7 

o	 Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing 
o	 Pie Charts Showing all kinds of 

Water Uses 
o	 GIS maps showing  Surface and 

Groundwater Extractions as well 
as Green Water Consumptions

o	 GIS maps showing 
Evapotranspiration and 
Evaporation maps as shown in 
sections 4.3 through 4.7 

o	 Bar Charts showing 
indicator values for 
different countries 

o	 Bar Charts Showing 
Historical Data 

o	 Pie Charts Showing all 
kinds of Water Uses 

o	 GIS maps showing  
Groundwater Extractions 

o	 Contour maps showing 
extractions and 
drawdown

Water & Land Use 
Changes

o	  Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Photos and GIS maps showing 
Urban Encroachment on Green 
Cover, Agricultural Expansion, and 
Deforestation 

o	  Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Pie Charts Showing all kinds of 
Water Uses 

o	 Photos and GIS maps showing 
Urban Encroachment on Green 
Cover, Agricultural Expansion, 
and Deforestation 

o	  Bar Charts showing 
indicator values for 
different countries 

o	 Bar Charts Showing 
Historical Data 

o	 Pie Charts Showing all 
kinds of Water Uses 

o	 Photos and GIS 
maps showing Urban 
Encroachment on Green 
Cover, Agricultural 
Expansion, and 
Deforestation 

Water & Services o	  Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Pie Charts showing Water Supply 
and Sanitation Coverage in Rural 
and Urban Areas

o	 Photos of Famous Dams and River-
Navigation Routes

o	   Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Photos of Famous Dams and 
River-Navigation Routes

Not Applicable

Water & Energy o	   Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Photos of Famous Hydropower 
producing Dams

o	  Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Photos of Famous Hydropower 
producing Dams

Not Applicable

Water & 
Population

 Bar Charts for all indicators along with 
historical data for different per 
capita shares

 Bar Charts for all indicators along 
with historical data for different 
per capita shares

 Bar Charts for all indicators 
along with historical data 
for different per capita 
shares
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Category National And Regional SOW Shared River SOW Shared Basin SOW

Water & Quality o	 Bar Charts showing indicator values 
for different countries in Case of 
Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Photos showing hot spots where 
water Quality indicators were 
assessed 

o	 Tables showing country Specific 
Criteria and Standards for Different 
indicators and historical data 
for annual number of samples 
accepted samples according to such 
standards

o	  Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Photos showing hot spots where 
water Quality indicators were 
assessed 

o	 Tables showing country 
Specific Criteria and Standards 
for Different indicators and 
historical data for annual 
number of samples accepted 
samples according to such 
standards

o	  Bar Charts showing 
indicator values for 
different countries 

o	 Bar Charts Showing 
Historical Data 

o	 Photos showing hot spots 
where water Quality 
indicators were assessed 

o	 Contour Maps showing 
the distribution of 
different Water Quality 
indicators along the 
Aquifer domain. 

Water & Health o	  Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

Not Applicable Not Applicable

Water & 
Ecosystems

o	  Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Photos of Wetland Sites and 
Significant Species

o	   Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Photos of Wetland Sites and 
Significant Species

o	   Bar Charts showing 
indicator values for 
different countries 

o	 Bar Charts Showing 
Historical Data 

o	 Photos of Wetland Sites 
and Significant Species

Water & Climate o	  Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Pie Charts showing totals and 
Subtotals for different indicator 
values

o	  Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Pie Charts showing totals and 
Subtotals for different indicator 
values

Not Applicable

Water & Water & 
Socio Economics

o	  Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	  Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

Not Applicable

Water & Finance o	  Bar Charts showing indicator 
values for different countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

Not Applicable Not Applicable

Water & Trade o	 Bar Charts showing indicator values 
for different countries in Case of 
Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	 Tables showing imported and 
exported amounts of significant 
Agricultural products

o	    Bar Charts showing indicator 
values for different countries 

o	 Bar Charts Showing Historical 
Data 

o	 Tables showing imported and 
exported amounts of significant 
Agricultural products

Not Applicable

Water & 
Governance

o	 Bar Charts showing Indicator Values 
for Different Countries in Case of 
Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

Not Applicable o	 Bar Charts showing 
indicator values for 
different countries

o	 Bar Charts Showing 
Historical Data 
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Preparation of the Regional SO
W

 and Shared River / Aquifer SO
W

Category National And Regional SOW Shared River SOW Shared Basin SOW

Water & 
International 
Relations

o	  Bar Charts  showing Indicator 
Values for  Different Countries in 
Case of Regional SOW

o	 Bar Charts Showing Historical Data 
for National and Regional SOW

o	  Bar Charts showing indicator 
values for Different Countries 

o	 Bar Charts Showing Historical 
Data 

o	 Bar Charts showing Different 
Criteria for riparians’ Equitable 
Utilization of Shared Water 
Resources

o	 Bar Charts showing 
indicator values for 
Different Countries 

o	 Bar Charts Showing 
Historical Data 
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Annexes

National, Shared River, and Shared Aquifer at a glance

National SOW Indicators
No. Code Water Related Indicators Units

* 1 Water & Availability  

1 1-1 Annual Spatially Averaged Precipitation Depth MM/Year

2 1-2 Annual Precipitation Volume BCM/Year

* * Blue Water  

3 1-3 Internal Renewable Surface Water (IRSW) BCM/Year

4 1-4 Internal Renewable Groundwater (IRG) BCM/Year

5 1-5 Total Internal Renewable Blue Water Resources (TIRBWR)=(IRSW+IRG) BCM/Year

6 1-6 External Surface Water Inflow (ESWI) BCM/Year

7 1-7 External Surface Water Outflow (ESWO) BCM/Year

8 1-8 External  Groundwater Inflow (EGI) BCM/Year

9 1-9 External Groundwater outflow (EGO) BCM/Year

10 1-10 Total External Renewable Blue Water Resources Inflow(TERBWR)=(ESWI+EGI) BCM/Year

11 1-11 Total Renewable Blue Surface Water (TRBSW)=(IRSW)+(ESWI)-(ESWO) BCM/Year

12 1-12 Total Renewable Blue Groundwater (TRBG)=(IRG)+(EGI)-(EGO) BCM/Year

13 1-13 Overlap between Surface Water and Groundwater (OSWG) BCM/Year

14 1-14 Total Renewable Blue Water Resources (TRBWR)=(TRBSW)+(TRBG)-(OSW) BCM/Year

15 1-15 Total Exploitable Non-Renewable Groundwater (TNRG) BCM/Year

16 1-16 Total Blue Water Resources (TBWR) BCM/Year

* * Green Water  

17 1-17 Water for Rain-fed Agricultural Consumption BCM/Year

18 1-18 Water for Rain-fed Pasture Consumption BCM/Year

19 1-19 Water for Rain-fed Forest Consumption BCM/Year

20 1-20 Total Renewable Green Water Resources (TRGWR) BCM/Year

21 1-21 Total Renewable Water Resources (TRWR)=(TRBWR+TRGWR) BCM/Year

22 1-22 Total Conventional Water Resources (TCWR)= TRWR+TNRG = TBWR+TRGWR BCM/Year

* * Non-Conventional Water  

23 1-23 Produced Municipal  Wastewater (PMW) BCM/Year

24 1-24 Treated Municipal Wastewater BCM/Year

25 1-25 Reused Treated Municipal Wastewater BCM/Year

26 1-26 Produced  Industrial Wastewater (PIW) BCM/Year

27 1-27 Treated Municipal Industrial BCM/Year

28 1-28 Reused Treated Municipal Industrial BCM/Year

29 1-29 Produced Agricultural Drainage (PAD) BCM/Year

30 1-30 Reused Agricultural Drainage BCM/Year

31 1-31 Produced Desalinated Water (PDW) BCM/Year

32 1-32 Total Non-Conventional Water Resources (TNCWR)= (PMW)+(PIW)+(PAD)+(PDW) BCM/Year

33 1-33 Total Available Water Resources (TAWR) = TCWR+TNCWR BCM/Year
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No. Code Water Related Indicators Units

* 2 Water & Uses  

34 2-1 Withdrawals for Domestic  Water Use BCM/Year

35 2-2 Withdrawals for Industrial  Water Use BCM/Year

36 2-3 Withdrawals for Agricultural  Water Use BCM/Year

37 2-4 Annual Total Water Withdrawals BCM/Year

38 2-5 Green Water Consumption for Agriculture Water Use BCM/Year

39 2-6 Total Agricultural Water Uses BCM/Year

40 2-7 Withdrawals from Blue Surface Water BCM/Year

41 2-8 Withdrawals from Blue Renewable Groundwater BCM/Year

42 2-9 Withdrawals from Blue Non-Renewable Groundwater BCM/Year

43 2-10 Total Withdrawals from Blue Water BCM/Year

44 2-11 Agricultural Drainage Water Reuse BCM/Year

45 2-12 Withdrawals from Desalinated Water BCM/Year

46 2-13 Total Withdrawals from Non-Conventional Water Resources BCM/Year

47 2-14 Annual Volume of Total Actual Evapotranspiration BCM/Year

48 2-15 Green water Consumption for Livestock Fodder Water Use BCM/Year

49 2-16 Inland Fisheries & Aquaculture Demands BCM/Year

50 2-17 Navigation Demands BCM/Year

51 2-18 Evaporation Losses BCM/Year

52 2-19 Bottled Water Production BCM/Year

53 2-20 Water Demand for Environmental Uses BCM/Year

54 2-21 Withdrawals for Oil & Gas Water Use BCM/Year

* 3 Water & Land Use Changes  

55 3-1 Total Irrigated  Agricultural Land ha

56 3-2 Total Rain-fed Agricultural Land ha

57 3-3 Total Pasture Land ha

58 3-4 Total Forests Land ha

59 3-5 Urban Encroachment  on Green Cover ha lost/Year

* * Impact of Urban Encroachment on water Resources (Indicators listed below)  

60 3-6 Decrease in Groundwater Recharge BCM/Year

61 3-7 Decrease in Water Consumptions of Green Cover BCM/Year

62 3-8 Increase in Surface Runoff BCM/Year

63 3-9 Increase in Domestic Water Withdrawals BCM/Year

* 4 Water & Services  

* * Water Coverage and Accessibility  

64 4-1 Improved Urban Water Supply Coverage %

65 4-2 Improved Rural Water Supply Coverage %

66 4-3 Improved Urban Sanitation Coverage %

67 4-4 Improved Rural Sanitation Coverage %

68 4-5 Improved Water Supply Coverage %

69 4-6 Improved Sanitation Coverage %

* * Water Infrastructure  
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No. Code Water Related Indicators Units

70 4-7 Length of Water Supply Networks km

71 4-8 Length of Sewage Networks km

72 4-9 Length of Irrigation Networks km

73 4-10 Length of Drainage Networks km

74 4-11 Dam Storage Capacity BCM

75 4-12 Water Supply Capacity BCM/Year

76 4-13 Desalination Capacity BCM/Year

77 4-14 Municipal Wastewater Treatment Capacity BCM/Year

78 4-15 Industrial Wastewater Treatment Capacity BCM/Year

79 4-16 Wastewater Collection Capacity BCM/Year

80 4-17 Maximum Annual Dam Storage Reached BCM

* 5 Water & Energy  

81 5-1 Electricity Generated Using Hydropower GWh/Year

82 5-2 Hydropower as % of Total Generated Electricity %

83 5-3 Installed Hydropower Capacity MW

84 5-4 Water Used to Generate Electricity BCM/Year

* 6 Water & Population  

85 6-1 Total Population 1000 inhabitants

86 6-2 Internal Renewable Water Resources Per Capita CM/capita/Year

87 6-3 Total Renewable Blue Water Resources Per Capita CM/capita/Year

88 6-4 Total Renewable Water Resources Per Capita CM/capita/Year

89 6-5 Total Available Water Resources Per Capita CM/capita/Year

90 6-6 Blue Water Withdrawal Per Capita CM/capita/Year

91 6-7 Green Water Use Per Capita CM/capita/Year

92 6-8 Total Water Consumption Per Capita CM/capita/Year

93 6-9 Agricultural Water Withdrawal Per Capita CM/capita/Year

94 6-10 Industrial Water Withdrawal Per Capita CM/capita/Year

95 6-11 Domestic Water Withdrawal Per Capita CM/capita/Year

96 6-12 Population Without Improved Water Supply 1000 inhabitants

97 6-13 Population Without Improved Sanitation 1000 inhabitants

* 7 Water & Health  

98 7-1 Diarrhea Prevalence %

99 7-2 Dracunculiasis Reported Cases %

100 7-3 Open Defecation Practice Number

101 7-4 Percentage of Open Defecation %

102 7-5 Cholera Reported Cases Number/Year

103 7-6 Typhoid Reported Cases Number/Year

104 7-7 Hepatitis A Reported Cases Number/Year

* 8 Water & Quality  

105 8-1 Dissolved Oxygen (DO) PPM

106 8-2 pH Dimensionless

107 8-3 Electric Conductivity (EC) 1/OHM (S/M)
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No. Code Water Related Indicators Units

108 8-4 Nitrogen Concentration PPM

109 8-5 Phosphorous Concentration PPM

110 8-6 Total Dissolved Solids PPM

111 8-7 Fecal Choliform Colonies/100ML

112 8-8 Biological Oxygen Demand (BOD) mg/l

113 8-9 Chemical Oxygen Demand (COD) mg/l

114 8-10 Chloride Concentration mg/l

115 8-11 Total Hardness (CaCo3) mg/l

* 9 Water & Ecosystems  

116 9-1 Number of Wetlands Sites Acknowledged by RAMSAR Number

117 9-2 Total Wetlands Areas ha

118 9-3 Total Freshwater Species Count Number

119 9-4 Number of Endangered Species Number

120 9-5 Number of Invasive Species Number

* 10 Water & Climate  

* * Extreme Weather Events  

121 10-1 Number of Class 1 Flood Events Number

122 10-2 Number of Class 1.5 Flood Events Number

123 10-3 Number of Class 2 Flood Events Number

124 10-4 Average Temperature C°

125 10-5 Drought Events Number

126 10-6 Cost of Annual Damage Caused by Floods $ - % of GDP

127 10-7 Cost of Annual Damage Caused by Droughts $ - % of GDP

128 10-8 Annual Human Losses Related to Floods Number

129 10-9 Annual Human Losses Related to Droughts Number

130 10-10 Unusual Weather Events (Snow, Hail,……) Number/Type

131 10-11 National Climate Change Adaptation Plan Yes/No

* 11 Water & Socio-Economics  

* * Water Productivity  

132 11-1 Industrial Water Productivity $/CM

133 11-2 Agricultural Water Productivity “Crop Per Drop” $/CM

134 11-3 Employment in Agriculture “Job Per Drop” Jobs/MCM

135 11-4 Employment in Industry “Job Per Drop” Jobs/MCM

136 11-5 GDP $

* * Tariffs and Affordability  

137 11-6 Water and Sanitation Charges as % of Average Household Income %

* 12 Water &  Finance  

138 12-1 Percentage of National Budget Directed to Water & Sanitation Sector %

139 12-2 Percent of GDP Directed to Sanitation & Hygiene %

140 12-3 Foreign Aid for Water & Sanitation Million US$

141 12-4 Operation & Maintenance  Cost Recovery for Irrigation %

142 12-5 Operation & Maintenance Cost Recovery for Water Supply and Sanitation %
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No. Code Water Related Indicators Units

143 12-6 Operation & Maintenance Cost Recovery for Industry %

144 12-7 Aid to Water & Sanitation in Foreign Countries Million US$

145 12-8 Total Investment Million US$

* 13 Water & Trade  

146 13-1 Agricultural Virtual Water Export BCM/Year

147 13-2 Agricultural Virtual Water Import BCM/Year

* 14 Water & Governance  

148 14-1 IWRM  Plan Yes/No

149 14-2 National Water and Sanitation M&E & R System Yes/No

150 14-3 Surface Water Permits Issued to Date Number

151 14-4 Total Volumetric Water Rights  Associated with Surface Water Permits BCM/Year

152 14-5
Total Volumetric Water Rights  Associated with Surface Water Permits as a Percent of 
Annual Blue Surface Water Withdrawals %

153 14-6 Groundwater Well Permits Issued to Date Number

154 14-7 Total Volumetric Water Rights Associated with Well Permits BCM/Year

155 14-8
Total Volumetric Water Rights Associated with Well Permits as a Percent of Annual Blue 
Groundwater Abstractions %

156 14-9 Number of Unlicensed Wells  

157 14-10 Irrigation & Drainage  Related Complaints as a Percentage of Irrigation Water Users Number/Year

158 14-11 Water Supply and Sanitation Related Complaints as a Percentage of Serviced Households Number/Year

159 14-12
Number of Water Supply Meters Installed as a Percent of Total Number of Covered 
Households %

160 14-13 Number of Groundwater Meters Installed as a Percent of Licensed Wells Number

161 14-14 Number of Surface Irrigation Meters Installed as a % of Surface Irrigation Water Permits %

162 14-15 Physical Domestic Water Losses  

163 14-16 Overall Water Use Efficiency %

164 14-17 Water Sustainability/ Depletion Index %

165 14-18 Wastewater and Drainage Outflows BCM/Year

166 14-19 Transboundary Wastewater and Drainage Outflows BCM/Year

167 14-20 Commercial Water Losses BCM/Year

168 14-21 Physical Irrigation Water Losses BCM/Year

169 14-22 Number of Water related citations (Water Laws Enforcement) Number

170 14-23 Number of Water Users Associations Number

171 14-24 Water Users Associations Agricultural Land Coverage % of Ag. Land

* 15 Water & International Relations  

172 15-1 Transboundary Water Dependency Ratio %

173 15-2
Shared Waters related Bilateral/ Multilateral  Agreements and/or Memorandums of 
Understanding and Cooperation Mechanisms Number

174 15-3 Number of Riparians Sharing all Shared Water Bodies Number

175 15-4 Number of Shared Water Resources Number
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Shared River Basin SOW Indicators

Water Related Indicators Units

Water & Availability  

Annual Spatially Averaged Precipitation Depth MM

Annual  Precipitation Volume BCM/Year

Internal Renewable  Blue Surface Water (IRSW) BCM/Year

Internal Renewable  Blue Groundwater (IRG) BCM/Year

Total Internal Renewable Blue Water Resources (TIRBWR)=(IRSW+IRG) BCM/Year

Surface Blue Water Inflows to Basin Countries BCM/Year

Surface Blue Water Outflow from Basin Countries BCM/Year

Overlap Between Surface Water and Groundwater (OSW) BCM/Year

Green Water Consumptions for Rain-Fed Agriculture BCM/Year

Green Water Consumptions for Pasture Areas BCM/Year

Green Water Consumptions for Forest Areas BCM/Year

Total Renewable Green Water Resources BCM/Year

Total Renewable   Water Resources (TRWR)=(TIRBWR+TRGWR) BCM/Year

Water & Uses  

Withdrawals from Blue Surface Water BCM/Year

Withdrawals for the Domestic Sector BCM/Year

Withdrawals for the Industrial Sector BCM/Year

Withdrawals for the Agricultural Sector BCM/Year

Green water Consumption for Agriculture BCM/Year

Water & Land Use  

Total Irrigated  Agricultural Land ha

Total Rainfed Agricultural Land ha

Total Pasture Area ha

Total Forests Area ha

Annual Volume of Actual Evapotranspiration BCM/Year

Urban Encroachment on Agricultural Land Area Lost/Year

Impact of Urban Encroachment on Agricultural Land (Indicators listed below)  

The Increase of Surface Runoff BCM/Year

The Decrease of Agricultural Withdrawals in Case of Irrigated Agriculture BCM/Year

The Increase in Domestic Water Withdrawals BCM/Year

Water & Energy  

Electricity Generated Using Hydropower GWh/Year

Electricity Generated Using Hydropower as a percent of all Electricity generated %

Volume of Water Used to generate Hydropower BCM/Year

Installed Hydrocapacity GWh/Year

Water & Services  

Dam Storage Capacity BCM/Year

Maximum Annual Dam Storage Reached BCM/Year
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Water Related Indicators Units

Water & Population  

Internal Renewable Blue Water Resources Per Capita CM/Capita

Total Population in the Basin Number

Total Renewable Water Resources per Capita CM/Capita

Green Water Consumption Per Capita CM/Capita

Total Water Consumption Per Capita CM/Capita

Agricultural Water Withdrawal Per Capita CM/Capita

Industrial Water Withdrawal Per Capita CM/Capita

Domestic Water Withdrawal Per Capita CM/Capita

Water & Quality  

Dissolved Oxygen (DO) ppm

pH Dimensionless

Total Suspended solids ppm

Total Dissolved Solids ppm

Nitrogen s Concentration ppm

Phosphorous Concentration ppm

Water & Ecosystems  

Number of Wetlands Sites Acknowledged by RAMSAR (Inside the Basin) Number

Total Wetlands Areas in the Basin Number

Number of Endangered Species Number

Number of Invasive Species Number

Water & Climate  

Number of Class 1 Flood Events Number

Number of Class 1.5 Flood Events Number

Number of Class 2 Flood Events Number

Drought Events Number

Cost of Annual Damage Induced by Floods $ - % of GDP

Cost of Annual Damage Induced by Droughts $ - % of GDP

Annual Human Losses Related to Floods Number

Annual Human Losses Related to Droughts Number

Water & Socio-Economics  

Industrial Water Productivity $/CM

Agricultural Water Productivity “Crop Per Drop” $/CM

Employment in Agriculture “Job Per Drop” Jobs/MCM

Employment in Industry “Job Per Drop” Jobs/MCM

Water & Trade  

Total Inflow of Virtual Water BCM

Total Outflow of  Virtual Water BCM

Water & International Relations  

 Dependency Ratio %

Number of Bilateral/ Multilateral Agreements & Memorandums of Understanding and Cooperation 
Mechanisms Number
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Water Related Indicators Units

Presence of Other Renewable Water Resources BCM/Year

Presence of Other Water Bodies in Riparian Countries Number

Shared Aquifer Basin SOW Indicators

Whole Aquifer Indicators Units

Water & Availability  

Internal Renewable  Blue Groundwater (IRG) BCM/Year

Total Exploitable Non-Renewable Ground Water Resources BCM/Year

Country’s Area Inside The Aquifer km2 (Mapped)

Potential Volume for Each Country BCM

Inflow to Each Country BCM/Year

Outflow from Each Country BCM/Year

Pieozometric Water Heads Meters (Mapped)

Depth from water to Basement/ Confining Layer (Unconfined Aquifer) Meters (Mapped)

Depth to Water Table (Unconfined Aquifer) Meters (Mapped)

Depth to Pieozometric Surface (Confined Aquifer) Meters (Mapped)

Depth from Pieozometric surface to Basement/ Bottom of Confined aquifer Meters (Mapped)

Water & Uses  

Withdrawals from Blue Groundwater BCM/Year

Withdrawals from Exploitable Non-Renewable Groundwater BCM/Year

Extraction Zones of The Aquifer Numbers/ Mapped

Annually Observed Drawdown (Average & Mapped) Meters

Water & Land Use Change  

Total Irrigated Agricultural Land ha

Total Rainfed Agricultural Land ha

Total Pasture Area ha

Total Forests Area ha

Urban Encroachment on Agricultural Land ha/Year

The Decrease in Groundwater Recharge caused by Urban Encroachment BCM/Year

Water & Population  

Total Aquifer bound and dependent population Number

Internal Renewable Blue Water Resources Per Capita CM/Capita

Groundwater Withdrawal Per Capita CM/Capita

Water & Quality  

Concentration of Chloride in The Aquifers Domain PPM/ Mapped

Nitrate Concentration PPM/ Mapped

Electric Conductivity 1/OHM (S/M)

Total Dissolved Solids PPM/ Mapped

Fluoride Concentration PPM/ Mapped

Water & Ecosystems  

Number of Groundwater Based Ecosystems Number
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Whole Aquifer Indicators Units

Number of RAMSAR Wetlands in The Aquifer Domain Number

Number of Endangered Species Number

Number of Invasive Species Number

Water & Governance  

IWRM Plan (Yes/No) Yes/No

Well Permits to date CM/Capita

Volumetric Groundwater Rights BCM/Year

Unlicensed Groundwater Abstractions BCM/Year

Water & International Relations  

Dependency Ratio of Each Riparian Country %

Bilateral / Multilateral Agreements & Cooperation Protocol or MOUs Between Riparians Number

Presence of Other Renewable Resources in Riparian Countries BCM/Year

Presence of Other Water Bodies in Riparian Countries Number
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