
Lesson 2: History & development of IWRM



Lesson 2

• This lesson traces water management 
practices from historical times till present



Ancient Roman Water 
Systems

Ancient Rome

From: http://www.waterhistory.org
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Presentation Notes
The Romans had quite sophisticated water supply and sanitation systems 
The ancient Romans used an impressive variety of structures in their water supply systems.�The use of tunnels, high bridges over valleys, or inverted siphons across deep depressions was a last resort when difficult conditions could not be met in any other way. For example, in the system of aqueducts serving the city of Rome, only 5 percent of the distance was carried by bridges. Below 50 meters, the Romans crossed a valley by bridging it, above that height they constructed an inverted siphon.�
From: http://www.waterhistory.org/gallery/romanwater

In Roman water supply systems, aqueduct channels generally followed the sides of valleys between the source and destination, maintaining a shallow downward gradient. When subsidiary valleys were encountered the channel would follow the contour into the valley, then cross to the other side by means of a specially-constructed bridge. 
Many aqueduct bridges survive in the forested central areas of the system, where their remoteness has aided their preservation. Around 60 have been identified along the 250km line, and 19 of these are more or less in tact. From our studies of the topography we can probably suggest that at least another 40 bridges are unaccounted for. Most are single tier, but there are five 2 tier bridges and one or possibly two with three tiers. 

From: http://museums.ncl.ac.uk/long_walls/Water/bridges.htm


http://www.waterhistory.org/gallery/romanwater/aaq?full=1
http://www.waterhistory.org/gallery/romanwater/aac?full=1
http://www.waterhistory.org/gallery/romanwater/aaf?full=1
http://www.waterhistory.org/gallery/romanwater/aad?full=1
http://www.waterhistory.org/gallery/romanwater/abc


Interceptor Drain Running across 
Agricultural Sector and Emptying into Dry 
Moat at Machu Picchu

Machu Picchu water supply canal

Inca Canals in the Peruvian Andes

Peru

Peru

From: http://www.waterhistory.org

Machu Picchu
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Machu Picchu in Peru had a sophisticated water delivery and control system. Kenneth R. Wright’s (president and chief engineer of Wright Water Engineers in Denver, CO USA). Research revealed that the Inca must have planned the city carefully before building it. First, the Inca engineers had to determine the exact location of the spring and whether it would meet the needs of the anticipated population. The Wright team found that the spring, on the steep mountain slope to the north of Machu Picchu, is fed by a 16.3 ha tributary basin. After conducting an inflow-outflow evaluation, the team also concluded that the spring draws on drainage from a much larger hydro-geographic catchment basin.
The Inca enhanced the yield of the spring by building a spring collection system set into the hillside. The system consists of a stone wall about 14.6 m long and up to 1.4 m high. Water from the spring seeps through the wall into a rectangular stone trench about 0.8 m wide. Water from a secondary spring enters the canal about 80 m west of the primary spring. The Inca also built a 1.5 to 2 m wide terrace to allow easy access for operating and maintaining the spring works. The condition of the spring works surprised Wright. "The spring works was still intact and still working," he says. "It was still yielding a water supply after all these centuries of abandonment."
Before the city could be built, however, the Inca engineers had to plan how to convey the water from the spring–at an elevation of 2,458 m–to the proposed site on the ridge below. They decided to build a canal 749 m long with a slope of about 3 percent. With the city walls, the water would be made accessible through a series of 16 fountains, the first of which would be reserved for the emperor. Thus the canal design, says Wright, determined the location of the emperor's residence and the layout of the entire city of Machu Picchu.
The Inca built the water supply canal on a relatively steady grade, depending on gravity flow to carry the water from the spring to the city center. They used cut stones to construct a channel that typically ranged from 10 to 16 cm deep and 10 to 12 cm wide at the bottom. Wright's team concluded that the nominal design capacity of the channel was about 300 L/min, or more than twice the typical 25 to 150 L/min yield of the primary spring




China

Uyghur and Chinese versions of karez technology 
date back over 2,000 years ago.

The oasis at Turpan, located in 
the desert expanse of 
northwestern China (PRC), 
owes it surprisingly lush green 
environment to the karez (or 
qanat) system of water supply. 
A karez is a horizontal 
underground gallery that 
conveys water from aquifers in 
pre‐mountainous alluvial fans, 
to lower‐elevation farmlands

China

From: http://www.waterhistory.org

Presenter
Presentation Notes
An underground irrigation system, differing from a normal aqueduct in that the water is already there and being tapped. A qanat is constructed by tunneling into a cliff, scarp or base of a mountainous area, following a water-bearing formation. The purpose is to bring water to the surface where it can be utilized in irrigation of agricultural areas. Note, the water is not brought UP to the surface but rather OUT to the surface. The tunnels are roughly horizontal, with a slope to allow water to drain out. 
About four-fifths of the water used in the plateau regions of Iran is subsurface and is brought into use in this way. There are literally hundred of miles of qanat in Iran, and many hundreds more throughout the Arab world. The result is a sort of oasis in an otherwise arid area, creating a pleasant oasis of date palms or other crops. Indeed, an oasis could be considered a natural ‘qanat’, although there is no tunnel, just a spring. At the exit of a typical qanat you see a tunnel similar to a mine entrance, which is exactly what it is. The ‘mineral’ mined is water
Most of the qanats are found in Iran, around the extensive plateau which forms central Iran. However, there are also qanats in western China, Afghanistan, and on the North African continent, from Libya and Algeria to Morocco. It is unknown for sure where the idea originated, but it is fairly certain the idea was first used by Arabs

From: http://www.ancientroute.com/water/qanat.htm.�




(1) Infiltration Part of the Tunnel
(2) Water Conveyance Part of the Tunnel
(3) The Open Channel
(4) Vertical Shafts
(5) Small Storage Pond
(6) The Irrigation Area
(7) Sand and Gravel
(8) Layers of Soil
(9) Groundwater Surface

Schematic of a Karez Project

Karez
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First, damp areas are often noticed along the base of a cliff or escarpment, or on the floor of an otherwise dry wash. These can be tunneled back, keeping the slope slightly uphill to facilitate water drainage outward. As one goes deeper, the water volume generally increases. When sufficient depth has been reached, branches are sent in opposite directions to increase the drainage area. 
Or, second, a well can be sunk in the hills, up on the plateau, until water is struck. A tunnel is then constructed in a slightly downhill manner to the face of the escarpment nearest the village. [Or the village is moved to the exit point of the water.] Once the water is draining well, further branches can be constructed at the collection point to increase the water drainage area.
In both methods, air shafts are constructed to the surface, both for air and removal of mined dirt. The dirt is brought up to the surface by rope and leather bucket, and placed around the rim of the air hole. This dirt mound keeps rare surface floods from washing soil back into the shaft. These holes are often lined up every 50-150 feet along a line several miles long. This is what is seen from the surface, and remarked on as "a line of ant-hills, stretching for miles", or other such comments by the uninitiated.
The repair work is done by the farmers who will eventually benefit from the water supply. In traditions handed down over generations from father to son, every spring the qanats are cleaned out. Many methods are used but an example would be as follows. A small boy is let down by rope and windlass to the bottom, riding the leather bucket. Every now and again the father pulls bucket up and unloads a small amount of dirt and debris. When the qanat is cleaned in one shaft, they move to the next. In this way, several groups of farmers can cover the entire area, and are available if a problem arises

In many arid countries, life would unsustainable without a water supply. The infrequent rains soak into the underlying soil rapidly, leaving the wadis dry for the better part of the year. However, if an aquifer [water-bearing layer] underlies an extensive area, it can be tapped by a qanat and directed to an area where it can be used. It is the same thing done by drilling a well and pumping the water to a field. However, in many technology-poor areas, a qanat replaces the drilling.
The volume of water produced by a qanat [or drilled well] depends upon several factors: 
The extent of the aquifer, or rather the acre-feet of available water-bearing formation. 
The type of aquifer; a sand seam, a fractured limestone, a buried riverbed conglomerate. Each will holds it’s own volume of water per acre. And each rock type will allow the water to drain out at a fixed rate. 
The recharge volume. All the water must be replaced annually or the qanat will dry up. This is done by rains in the surrounding hills, or perhaps in the mountains several hundred miles away. Wherever the water comes from, the annual use cannot exceed the annual recharge or the qanat will dry up. 


http://www.waterhistory.org/histories/turpan/chill1.png


Overall, Ancient Egypt's system of basin irrigation proved inherently more 
stable from an ecological, political, social, and institutional perspective than 
that of any other irrigation‐based society in human history. Fundamentally, 
the system was an enhancement of the natural hydrological patterns of the 
Nile River, not a wholesale transformation of them.

Egypt

Egypt

From: http://www.waterhistory.org
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In ancient times, Egyptian society depended upon the Nile River for its existence. Society flourished for approximately 3000 years because of the Egyptian people’s ability to harness the power of the river for agricultural purposes, social events, community projects, religious purposes. The central importance of the river in the Ancient Egyptian’s daily life is evident in history and is reflected in their art, religion, writings, politics, and social life. The river shaped nearly every facet of their existence 
From: http://carbon.cudenver.edu/stc-link/AE/culture.html
After the unification of Upper and Lower Egypt by King Menes (3200 BC) and the establishment of the capital at Memphis, he is credited for beginning construction of basins to contain the flood water, digging canals and irrigation ditches to reclaim the marshland. By 2500 BC an extensive network of canals, ditches, dikes, and levees are built
Agriculture in Egypt was almost totally dependent on the Nile. The fertile strip of the Nile offers the only possible resource. The people congregated on the steep banks of the river despite its annual floods and shifting marshlands. The dependency on the Nile is not only for the irrigation necessary to raise crops, but also for the topsoil deposited annually by the floods. Every year from July to October the Nile River valley was gradually flooded. Its annual cycle of flooding and the depositing of silt created a new layer of topsoil each year. This topsoil is rich in organic nutrients and nitrogen. By October the waters begin to recede, leaving behind pools of water in depressed areas of the floodplain. After the water subsides enough to let the remaining water be absorbed by the soil, the Egyptians would plant their crops in the mud. From: http://www.waterhistory.org





Overall, Ancient Egypt's system of basin irrigation 
proved inherently more stable from an ecological, 
political, social, and institutional perspective than 
that of any other irrigation‐based society in human 
history. 

Fundamentally, the system was an enhancement of 
the natural hydrological patterns of the Nile River, 
not a wholesale transformation of them.

From: http://www.waterhistory.org
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A lesson worth repeating!



There are four main stages in the evolution of IWRM. They occur 
along an uninterrupted pathway and overlap considerably. 

For the sake of convenience, we will deal with each "period" 
separately.

The Sectoral Approach ‐ 1820 to 1950s

The Cooperative Approach ‐ 1960s and 1970s

Management‐oriented IWRM ‐ 1980s 

Goal‐oriented IWRM ‐ 1990s to present



Water Management:
Phases of Development Dates Conferences

1. The Sectoral Approach                       1820 to 1950s

2. The Cooperative Approach 1960s and 1970s

3. IWRM ‐Management‐oriented 1980s

4.     IWRM ‐ Goal‐oriented 1990s

5.    Capacity Building for  IWRM                     2000+

Mar del Plata (UN, 1977)

New Delhi meeting (1990)
Dublin meeting (1992)
Rio de Janeiro (UNDP, 1992)
Ministerial Conference in Noordwijk 
(1994)

Johannesburg (2003)

Evolution of Water Management

Evolution
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The development of IWRM started as an outgrowth and expansion of the ecosystem management basis for water management. Tat approach emphasized the inter-relationships between the different aspects of water management  but was initially driven by a “top-down”, expert-centred approach. As it was realized that the people served by water systems (drinking water, sanitation, ecosystem health) also had a large role to play in the development and sustainability of such management plans, IWRM was proposed. It was again initially driven by management objectives but later came to have a goal-oriented approach; more closely reflecting the importance of setting goals for all users and uses and making the overall plan sustainable.



Water Management:
Phases of Development Dates Conferences

1. The Sectoral Approach 1820 to 1950s

2. The Cooperative Approach 1960s and 1970s

3. IWRM ‐Management‐oriented 1980s

4.     IWRM ‐ Goal‐oriented 1990s

5.    Capacity Building for  IWRM                                2000+

Mar del Plata (UN, 1977)

New Delhi meeting (1990)
Dublin meeting (1992)
Rio de Janeiro (UNDP, 1992)
Ministerial Conference in Noordwijk 
(1994)

Johannesburg (2003)

Evolution of Water ManagementEvolution Contd



• Planning and implementation processes
• Activities and tasks (such as water storage, transmission, distribution, allocation)
• Physical and construction measures (water canals, dams, reservoirs)
• Legal and economic instruments such as regulations and incentives
• Institutional and organisational requirements

1. The Sectoral Approach
Each sector involved in water and water issues does its own planning and
implementation except when the sectors overlap responsibilities.
There are therefore separate:

Sectoral Approach

Presenter
Presentation Notes
The Sectoral Approach
This is the historical approach to planning in the water sector. Different organizations had responsibility for supplying water and sanitation and for source water protection and regulation. Very often there were competing organizations responsible for different aspects of the same general issue.
Each sector involved in water and water issues does its own planning and implementation except when the sectors overlap responsibilities. 
 	There are therefore separate:
Planning and implementation processes
Activities and tasks (such as water storage, transmission, distribution, allocation)
Physical and construction measures (water canals, dams, reservoirs)
Legal and economic instruments such as regulations and incentives
Institutional and organisational requirements





Water Management:
Phases of Development Dates Conferences

1. The Sectoral Approach                      1820 to 1950s

2. The Cooperative Approach 1960s and 1970s

3. IWRM ‐Management‐oriented 1980s

4.     IWRM ‐ Goal‐oriented 1990s

5.    Capacity Building for  IWRM                            2000+

Mar del Plata (UN, 1977)
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Rio de Janeiro (UNDP, 1992)
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Evolution of Water Management Evolution
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2. The Cooperative Approach

Cooperation between the many agencies involved in planning and activities in the water
sector improves.
There are some joint planning and joint activities with two or more agencies or
stakeholders – even where their legal responsibilities do NOT overlap.
As it became clear that these plans, activities, regulatory activities, and legal and economic
frameworks intersected, ad‐hoc cooperative efforts became common. The features of
these cooperative efforts were:

Joint planning processes for two or more agencies or stakeholders
Rationalisation of certain activities
Interactions to improve regulatory and economic frameworks
Better institutional cooperation

Cooperative Approach

Presenter
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2. The Cooperative Approach
The key change in the cooperative approach is an increase in effective planning and operations between 2 or more agencies where their responsibilities meshed or overlapped. Eventually, standard procedures were adopted to make sure that this cooperation continued and expanded. 



Gradually, the concept of an integration of many of the 
functions surrounding the supply of water (for all purposes, 
not just for drinking water) came into being.

It began as a realization that to manage water effectively, one 
needs to look at a broader scale picture ‐‐ that of the 
watershed (or drainage area of the river or lake) that supplies 
the water. 

Where groundwater was the primary or a substantial 
component, the recharge area (where water enters the 
groundwater system) and any other region that could affect 
the quantity and quality of the groundwater, must also be 
considered.



Water Management:
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3. Initial attempts at Integration of Water Resource Management ‐
Management‐oriented – (Ecosystem Management)

IWRM ‐management
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There are many examples of early attempts at IWRM. Some recommendations for Canadian 
policies were developed by Pearse et al (1985). The “key” principles were;

A watershed plan sufficiently comprehensive to take into account all uses of the water 
system and other activities that affect water flow and quality.
Information about the watershed’s full hydrological regime.
An analytical system, or model, capable of revealing the full range of impacts that would 
be produced by particular uses and developments in the watershed

IWRM ‐management
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Presentation Notes
Early attempts at IWRM used the metaphor of “an ecosystem approach” to IWRM and were based on the concept that full knowledge of the hydrology, biology, etc., of the system would allow better planning if all the knowledge were integrated. The concept that “the management of the resource” was the primary goal was also very much to the forefront of the thinking and led to groups of agencies doing their own cooperative “watershed planning” or IWRM .



There are many examples of early attempts at IWRM. Some recommendations for Canadian 
policies were developed by Pearse et al (1985). The “key” principles were;

A watershed plan sufficiently comprehensive to take into account all uses of the water 
system and other activities that affect water flow and quality.
Information about the watershed’s full hydrological regime.
An analytical system, or model, capable of revealing the full range of impacts that would 
be produced by particular uses and developments in the watershed

IWRM ‐management

IWRM ‐Model
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Modeling exercises were widely used to run hydrological models and were used to model “what if” scenarios based on rainfall events and storm events.



IWRM Model 2
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The models were usually based on the hydrological modeling of precipitation, runoff, seepage, infiltration, stream flow, groundwater discharge, etc. and results compared to actual events -------



IWRM Model 3
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The models are often relatively simple



Model Output

Measured Data

IWRM Model 4
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The results often matched real events quite closely. 
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The process of using WATFLOOD involves obtaining appropriate data, deriving flow direction, flow accumulation, inputting seed values to start the simulation, and watershed delineation.



Topographic map and river 
network of the Küçük Menderes 
Basin.

Subbasins determined from 
topographic analysis of the USGS DEM.

Land cover map of the 
Küçük Menderes Basin.

http://www.iwmi.cgiar.org/pubs/Pub040/RR040.htm
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Global databases are often useful, or even sufficient, to start modeling the hydrological regimes. From the topographic maps, sub-basins can be determined, combined with the lan cover maps to derive the hydrological situation in a given watershed 

http://www.iwmi.cgiar.org/pubs/Pub040/RR040.htm


There are many examples of early attempts at IWRM. Some recommendations for Canadian 
policies were developed by Pearse et al (1985). The “key” principles were;

A watershed plan sufficiently comprehensive to take into account all uses of the water 
system and other activities that affect water flow and quality.
Information about the watershed’s full hydrological regime.
An analytical system, or model, capable of revealing the full range of impacts that would 
be produced by particular uses and developments in the watershed

IWRM ‐managementIWRM ‐management
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Early attempts at IWRM were really ecosystem approaches to watershed level analyses. Usually, the first stages involved a hydrological model and watershed plan for water supply and uses. This was then used as a decision support model and used to model possible effects of changes in the watershed land use or water regimes (floods, etc.)



There are many examples of early attempts at IWRM. Some recommendations for Canadian 
policies were developed by Pearse et al (1985). The “key” principles were;

A watershed plan sufficiently comprehensive to take into account all uses of the water 
system and other activities that affect water flow and quality.
Information about the watershed’s full hydrological regime.
An analytical system, or model, capable of revealing the full range of impacts that would 
be produced by particular uses and developments in the watershed
Specified management objectives for the watershed, with criteria for assessing 
management alternatives in an objective and unbiased way
Participation of all relevant regulatory agencies
Provisions for public participation in determining objectives and in management 
decisions.

IWRM ‐management

IWRM ‐management
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Added to these hydrological models was the concept that there needed to be management objectives and criteria for assessment and that the public should be involved in management decisions. Very often this was only in a consultative manner – not in any decision making or influential manner.



Water Management:
Phases of Development Dates Conferences

1. The Sectoral Approach                               1820 to 1950s

2. The Cooperative Approach 1960s and 1970s

3. IWRM ‐Management‐oriented 1980s

4.     IWRM ‐ Goal‐oriented 1990s

5.    Capacity Building for  IWRM                               2000+

Mar del Plata (UN, 1977)

New Delhi meeting (1990)
Dublin meeting (1992)
Rio de Janeiro (UNDP, 1992)
Ministerial Conference in Noordwijk 
(1994)

Johannesburg (2003)

Evolution of Water Management

Evolution
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Goal oriented IWRM. In this process the goals are set first with public input and then the mechanisms developed to meet those goals as far as possible



4. Evolution of more complex and complete systems of IWRM:
Goal‐oriented

If IWRM is defined as “a process which promotes the coordinated development 
and management of water, land and related resources in order to maximize the 
resultant economic and social welfare in an equitable manner without 
compromising the sustainability of vital ecosystems” (GWP/TAC, 2000), then the 
focus shifts. 

The goals become the most important focus; 

IWRM ‐ goals
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The goals were the important factor and tend to be related to human economic or social welfare or ecosystem health.



To develop a consensus‐based vision of ideal water resources conditions for 
the area of interest.
To measure the distance between current and ideal conditions, and thus 
define one or more water management problems, based on consensus among 
stakeholders.
To develop and apply tools for water resources decision making, including 
demonstration projects, computer simulation models, conflict resolution 
tools, data management and sharing, and so on.
To identify appropriate management actions to resolve observed problems.
To assign responsibility for actions and costs for remedial measures.
To agree upon acceptable timelines for implementation of management 
actions.
To monitor the degree of implementation of management actions, and 
progress toward water resources goals.
To build the capacity of regional stakeholders for collaborative, consensus‐
based management of water resources.
To build institutional capacity to work across jurisdictional, disciplinary, and 
sector boundaries. 
To achieve measurable progress toward improved water resources conditions

Goals for IWRM
Goals 1 HeathcoteContd

From Isobel W. Heathcote (2002)
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Another view, similar in scope, is that of the World Water Council. 
They state that the three primary objectives of integrated water resource management 
are to:

Empower women, men, and communities to decide on their level of access to 
safe water and hygienic living conditions and on the types of water‐using 
economic activities they desire–and to organise to achieve them. 

Produce more food and create more sustainable livelihoods per unit of water 
applied, and ensure access for all to the food required for healthy and productive 
lives. 

Manage human water use to conserve the quantity and quality of freshwater and 
terrestrial ecosystems that provide services to humans and all living things

Goals for IWRM

Goals 2 WWC
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A less specific set of goals is also possible (World Water Council). They have general application, but still have to broken down into specific goals to achieve the desired results.
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(1994)

Johannesburg (2003)

Evolution of Water Management

Evolution

Presenter
Presentation Notes
Capacity building can then occur when the IWRM processes have been developed
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IWRM Integration

IWRM Integration

Mayfield, 2004

Virtual Water Export of Virtual Water in Food and 
other products

Presenter
Presentation Notes
The diagram shows the Venn diagram for the Hydrologic Cycle, the Watershed and Land Use components, and the Social, Economic and Legal components that interact to allow IWRM to proceed. There are some external impacts on the system and the system can affect adjacent areas (climate change, water transfer, people migration and atmospheric pollution). Virtual water can also be exported from the area under study in the form of food or other goods sold to a different market  (Virtual Water).

Many of these features in the three circles are inter-related; soils and infiltration of water, construction and run-off of rain events, topography and run-off, etc.
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Presenter
Presentation Notes
A Conceptual working diagram of Integrated Water Resource Management.
It attempts to integrate the views and processes of the three main components:
The Hydrologic Cycle,
Watershed Features - Geographic Features, Land Use, etc.
Economics, social interactions and Institutions
While recognising that some external (to the watershed) factors have an impact;
Global climate change
Water transfers between watersheds
People movement and other human activities
Atmospheric pollution

The study of the “confluence” of all of the factors can result in a better watershed (or basin level) Integrated Water Resource Management planning process.




This overview of IWRM processes shows many of the individual components of 
IWRM planning. These components are shown in three main areas:

Hydrologic cycle (blue) ‐ with common hydrological factors listed

Watershed and land use (green) ‐ listing factors where land activities affect water

Economics, social interactions and institutions (pink) ‐ showing the various 
factors in those areas that bear on water supply and IWRM

Outside factors such as global climate changes, water transfers, atmospheric 
pollution, and movement of people are also listed. These factors cannot be 
considered only at the watershed or drainage basin level. Water can also be 
exported from the watershed in food or other products.

IWRM lies at the intersection of all of the factors.
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