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ABSTRACT:  Floods have been recognized as a major natural calamity and the country has a long history of flooding from the Indus River and its tributaries. The devastating floods of 1973 in Pakistan aroused the feeling that the flood forecasting arrangements in the country were still inadequate and did not meet the country requirements (Pakistan floods). These floods, thus, paved way to full-fledged activities for the further strengthening of the flood forecasting system (FFS) and early warning system. The subsequent floods of 1988, 92, 96 & 1997 again revealed many serious system discrepancies pertaining to areas of flood forecasting and dissemination and it was badly felt that the system still needed to be further enhanced. The system went through many improvements and is now sufficiently comprehensive but efforts are still underway to make it more self-contained. Following measures and activities are being carried out in the flood forecasting division for flood forecasting and its dissemination:

Extension of radar network through out the country; strengthen of observatories network of automatic weather stations; satellite monitoring of weather systems & studies; tracks of monsoon depressions;  hydrological modeling; flood categorization; International data communication; telecommunication network; flood warning & dissemination.  More importance should be given to physically base conceptual hydrological modeling of flood estimation and its routing. A large-scale construction of flood control engineering system has improved its flood control capacity obviously, which plays an important role in ensuring the rapid socio-economic development. However, affected by the climatic fluctuation and human activities, significant changes of the flood control situation are taking place. In the new century, the flood control system has to face a series of challenges, and the flood management strategies must be adjusted accordingly. To mitigate flooding propensity in, both the government and the people will have to change their view of things as well as adopt best management practice (BMPs) in agriculture, forestry, land-use planning, water resources management, and urbanization. The framework developed for flood management is an archaic methodology of constructing of embankments, dykes and flood walls including a flood forecasting system and non-structural measures of early flood warning. Current flood (major part of south and south-west of Pakistan is under severe flood from third week of June 2007) has exposed many flaws and shortcomings in our flood forecasting and mitigation system. Flood forecasting and its mitigation have been focused only in main Indus Basin.  Situation demands more integrated approaches and coordinated efforts to fight against floods. Flood Management; relation between flood management, land-use and physical planning; non-structural flood mitigation, early warning and forecasting, flood proofing and flood handling (response and recovery) and comprehensive emergency management, flood modeling; concepts and principles of flood and floodplain modeling; flood defense and river training works; river training and structural flood defense methods will have to be incorporated in the operation as well as in research. A number of flood control measures have been adopted to relieve the flood impact of the river. This paper describes the magnitude of the flood problem along with the measures adopted to deal with the adverse impacts of the floods. A number of other possible flood mitigation measures are suggested along with the areas of improvements within the existing. 
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1. introduction

Economic damages resulting from annual flooding is a major burden on the country. Floods have wreaked havoc over the years, threatening country’s vital agricultural and communication infrastructure, with damages worth Rs 225 billion (US $ 4 billion) recorded for the ten largest floods from 1947 to 2005 (Rehman & Kamal, 2008). Flooding causes massive damage to infrastructure facilities and agricultural lands in the country. The annual disruption in economic activity in many areas of the floodplain hampers steady socio-economic progress of the area. 
The floods are a regular phenomenon with losses running into millions. Fatalities due to flooding are also common. A number of flood control measures have been adopted to relieve the flood impact of the river. This paper describes the magnitude of the flood problem along with the conventional measures adopted and new scientific approaches being incorporated to deal with the adverse impacts of the floods. A number of possible flood mitigation measures are suggested along with the areas of improvements within the existing. 

· Network of radar through out the country;

· Strengthen of observatories network;

· Telecommunication network;

· Weather system studies;  

· Flood categories;

· Flood warning system and,

· Dissemination of flood forecast.
2. FLOODING MECHANISMS
Major flooding is generally associated with the depression from the Bay of Bengal moving across India in west/north-westerly direction and then turning north at the border with Pakistan. Heavy rains occur due to orographic lifting at the high mountain ranges in the river catchments. Generally the heavy rainfalls are limited to the Chenab, Jhelum, Ravi and Sutlej river catchments, however, occasionally, the depression can cross further north into the Indus river catchment. The intense rainfall in the catchments can produce exceptionally high flood peaks. 

3. FLOOD MANAGEMENT 
Methodology that focuses on the full system has been described below.

3.1 Historic perspective
Up until 1976, flood protection and management was the responsibility of provincial governments. However, after the devastating floods of 1973 and 1976, it was realized that the existing arrangements for flood management were inadequate and a unified countrywide approach was required to manage the flood problem. As a result, the Federal Government established the Federal Flood Commission (FFC) in 1977 (Rehman & Kamal, 2008) with a mandate to
· Prepare flood protection plans for the country; 
· Prepare a research program for flood control and protection; 
· Measure improvement of flood forecasting and warning system;
· Make recommendations regarding principles of regulation of reservoirs for flood control; 
· Review damage to flood protection works and review plans for restoration and reconstruction works and,
· Standardize designs and specifications for flood protection works. 
3.2 Flood forecasting
Historically the Flood Forecasting Division (FFD) of Pakistan Meteorological Department (PMD) has undertaken flood forecasting and warning based on traditional methods and communication systems. Following the destructive floods of 1992, a comprehensive program for strengthening the flood forecasting and warning capability was initiated. International expertise was sought to prepare a comprehensive Indus Flood Forecasting System (IFFS). Under this program, which is currently under way, weather radars were installed for rainfall estimation in upper catchments and a decision support system was developed for improved flood management.

The program also emphasized the need for better communication among various government agencies/departments involved in flood management. This objective was achieved by acquiring and installing HF radio sets in various agencies/departments. Flood Warning Manual has been prepared that defines the tasks of various government departments and dissemination of flood forecasts to the public in an orderly manner in the event of flood emergency. 
Case Study: Flood Defense Plan of Lai Nullah Basin, Islamabad
Nullah LAI has caused heavy loss of urban property and life historically in the cities of Islamabad and Rawalpindi. After the devastation flood of 2001, Pakistan Meteorological Department started the high-rank project of LAI Nullah River Flood Forecasting & Warning System “to reduce flood disasters, in particular, to decrease the dead and injured due to floods by improving the flood forecasting accuracy and reinforcing the evacuation order issuing/transmission network in the Metropolitan Area” with financial and technical assistance of Japan International Cooperation Agency (JICA).  The goal and objectives of this Project is “to secure the sufficient evacuation time by improving the flood forecasting accuracy and to shorten the evacuation time by reinforcing the evacuation order issuing/transmission network in event of flood occurrence” (CTI, 2007).
Lai Nullah Basin (Nullah in Pakistan’s National Language URDU means Tributary River/Stream) has a catchment area of 239.8 Km² (161.2 Km² in Islamabad and 73.6 Km² in Rawalpindi) and a length of about 30 Km, stretching from the Margalla hills in Federal Capital City Islamabad at the Northwestern edge until Soan River at the Southy-Eastern edge in District Rawalpindi of Province of the Punjab. The Basin is located between 33º 33´ and 33º 46´ North and 72º 55´ and 73º 07´ East (WMO, 2004).
The 2001 flood is the largest flood among the recorded flood for this basin. The rainfall depth was recorded at 620 mm in 10 hours form 6:00 to 16:00 at Islamabad Station. However, any essential measure was implemented until the river improvement of Lai Nullah was commenced under the financial assistance of ADB in 2002. Figure 1 shows Lai Nullah catchment, river network existing and new installed rain gauges. Four rain guages were already there and two new were installed in the basin.
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Figure 1: Lai Nullah catchment, river network and existing and new installed rain gauges
Figure 2 shows the digital elevation model of Lai Nullah catchment. This is a very steep slope basin starting from the foothills of Margalla mountain ranges generating flash floods. Nullah Lai has been divided into fifteen sub-basins for hydrological modeling, flood forecasting and mitigation as shown in Figure 3.
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Figure 2: Digital Elevation Model of Nullah Lai
[image: image3.jpg]



Figure 3: Nullah Lai Basin and its sub-basins

3.3 Flood forecasting procedure
The flood forecasting procedure consists of three main components: 

· Analysis of the present situation (state) 

· Calculation of streamflow and water level in the future (forecast), and 
· Issuing streamflow forecasts and, if necessary, flood warnings (action).

It is required that flood forecasting is executed in a short time as much as possible in order to secure sufficient time for warning activities and evacuation. Rainfall and runoff characteristics of the target basin shall have to be analyzed in advance. For stream flow and flood forecasting in Nullah Lai, MIKE 11 hydrological model is being used. 
Six (6) point’s rainfall data is being observed through the telemetric system in the Lai Nullah Basin. Each point rainfall data is input to the MIKE11, which calculates each sub‑basin mean rainfall for the flood forecasting runoff calculation.  “Flood Forecast Starting Time”, “Lead Time” and “Rainfall Forecasting Time” has been set. The US Soil Conservation Service Curve Number method has been used to compute runoff parameter representing soil, land use and antecedent moisture conditions. The dynamic one-dimensional flow calculation module that is based on the ‘Saint Venant’ equations is a core of Mike11. The flood routing is made along the river network consisting of the five rivers.  Pre-defined water levels at the confluence with Soan River and the estimated runoff discharge from the sub-basin at each of the four upstream ends are given as the boundary data of the river network. 
3.4 Issuing of flood warnings
Lai Nullah Flood Forecasting and Warning System is roughly divided into (i) the flood forecasting system and (ii) the flood warning system. The Flood Forecasting and Warning Master Control Centre (hereinafter called FFWMC) is installed in PMD which forecasts flood and undertakes dissemination of flood information. The Flood warning control centre (hereinafter called FWCC) is installed at TMA, Rawalpindi for prevention against disasters to be controlled through siren warning. 
3.5 Computational hydraulics
For flood routing hydraulics profile is prerequisite. Figure 4 shows the hydraulic profile of Nullah Lai. 
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Figure 4: Hyadraulic profile of Nullah Lai 

3.6 Flood Inundation Map
The flood mapping covers some 100 km2 including the lower Islamabad area (H and I blocks) and the Rawalpindi area as the flood inundation interview survey. A DEM (Digital Elevation Model) is essential for the flood mapping and accuracy of the flood map greatly depends upon that of the DEM.  In this Study topographical data obtained from the GPS survey were used to divide the 100km2 area into 40,000 square cells of 50 m x 50 m size, each of which was assigned a ground elevation value.  Figure 5 is the elevation map created from the 50 m DEM.
Water level over each of the DEM cell has been calculated using Mike11 GIS function by interpolating or extrapolating the water levels in the river. Finally the water level of each cell is converted to the inundation depth by subtracting the ground elevation.
3.7 Improved land use planning with respect to flood hazards

Land use is very important in runoff estimation and flood generation. In the flood prone urban areas, present and future landuse planning is basic and essential. The built-up area will increase in the future, while agriculture, bare land and forest area decrease as the population grow. Figure 6 shows the landuse map while Table 1 shows the temporal and projected landuse changes. 
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Figure 5: Inundation map of Nala Lai developed through survey after 2001 flood
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Figure 6: Landuse map of Nullah LAI used in hydrological modeling
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Table 1: Temporal landuse changes of Nullah LAI
3.8 Structural measures
The flood control structural measures play a leading role in the establishment of security system for flood disaster reduction. It should be important to improve our flood control capability step by step and decrease the risk of flood hazard effectively and meanwhile, to take account of the benefits of society, economic and environment.

Structural measures include construction of embankments, spurs, dikes/gabion walls/flood walls, dispersion/diversion structures, delay action dam, bypass structures and canalization of floodwaters. Approximately 5,600 km of embankments have been constructed along major rivers and their tributaries in Pakistan along with more than 600 spurs to protect these embankments (Waterinfo)

2 Organizations involved in flood mitigation

In January 1977, the Federal Flood Commission was established. This is the principal institution for flood planning and control in Pakistan. Its mandate includes the preparation of the National Flood Protection Plan, approval of flood control schemes, review of flood damages, plans for reconstruction works, improvements in flood forecasting and warning system, monitoring and evaluation, etc.

Other institutions that play a major role in flood management are Water and Power Development Authority (WAPDA); Provincial Relief Organizations; Pakistan Army; Commissioner for Indus Water (CIW); Emergency Relief Cell (ERC) and Flood Forecasting Division (FFD) of Pakistan Meteorological Department.

3 recommendations 
· Capacity building and capacity improvement of the early warning institutions should have high priority

· Formation of quick disaster response for at regional and country level

· The flood control structural measures play a leading role in the establishment of security system for flood disaster reduction. It should be important to improve our flood control capability step by step and decrease the risk of flood hazard effectively. 

· Comprehensive capability construction should be enhanced for the whole society in the aspects of disaster prevention and mitigation. The non-structural measures should be put into the right course of planning, investigation and management, and the trend of man-induced flood disaster should be overcome.
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