
1

Geo Factsheet
www.curriculum-press.co.uk Number 301

Pakistan floods of 2010 and 2011
In 2010 Pakistan suffered its worst floods for 80 years, ending with one-fifth of the country under water, and this was followed by further
major flooding in 2011. The question is: Are these events part of a trend of more frequent disasters associated with the monsoons, and if
so, what is causing it? Is it just natural variation? Has there been a significant change in rainfall totals or are human factors adding to
flooding? Whilst floods are vital to the country’s socioeconomic and environmental well-being, the floods in 2010 caused great destruction
along the whole length of the Indus River (Figure 1).

Figure 1 Provinces of Pakistan affected by flooding in 2010

What is a monsoon?
The word “monsoon” is derived from the Arabic and Urdu word “mawsim”, meaning “weather”. A monsoon is a reversal of winds, with
accompanying changes in rainfall patterns and is associated with differential heating of oceans and adjacent continental-scale land
masses. Pakistan lies in the tropical zone north of the equator (24-370N), and its climate is influenced by the InterTropical Convergence
Zone for part of the year . However, the monsoon system is complex and there are several theories as to why it develops.
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Figure 2 Formation of the SW monsoon

1. Traditional Theory - Sea Breezes
As the land is hottest from June to September, it creates
low pressure and draws moist southwesterly winds on
to the land from the cooler sea. As the land cools in
October, the pressure gradient reverses and winds blow
offshore, and therefore giving dry conditions. This
theory has been criticised because it explains monsoons
only as a local scale process.

2. Dynamic Theory - ITCZ
This explains the monsoon as a global phenomenon.
Global circulation creates major pressure belts and the
InterTropical Convergence Zone, an area of low
pressure, migrates as it is affected by the position of
the overhead sun and variations in land temperatures.
In Pakistan, between June and September the land is
very hot, creating low pressure, and the Trade winds
blow in from the southwest. However, they are stopped
by the physical barrier of the Himalayas, so moisture-
laden winds drop their load over Pakistan, known as
orographic rainfall.

3. Jet Stream Theory
Jet streams are high-altitude winds. As the continental landmass, especially the Tibetan Plateau, heats up in summer, the westerly jet is
drawn gradually north but meets the resistance of the high mountain ranges. However, as heating continues, and pressure continues to
fall, sufficient force can be built up to force the jet stream suddenly northwards, causing the monsoon to “burst” and heavy rain to fall.

1. Impact of a warming atmosphere
Warmer air can hold more water, so as temperatures rise, there is
the potential for greater rainfall. The Indian Ocean has warmed
by 20C in the last 30 years, which warms the lower layers of the
atmosphere, allowing more evaporation of surface water and
eventually more rain in the monsoon season. A less stable
atmosphere creates more convection and associated intense
rainfall events.

2. Role of ENSO
There is evidence that the ENSO is being affected by global
warming and so more frequent and intense La Nina conditions
would also promote high rainfall amounts. It is very difficult to
establish cause and effect for ENSO on a global scale, but Lord
Hunt, former Director-General of the UK Met Office, suggests
that a combination of a smaller Amazon rainforest, together with
increased snow/ice melt on the Tibetan Plateau, is likely to bring
about significant climatic fluctuations associated with ENSO.

3. Mountains and glaciers
Scientists have recorded a thinning of ice sheets on the Tibetan
Plateau and changing patterns of precipitation, due to less
accumulation of snow in the upper catchments and more rapid
runoff from the mountains. A warmer atmosphere will lead to
less snow. A more unstable atmosphere with deeper vertical
convection will allow more direct airflow over the mountains
rather than lateral spread of air to the east, which may explain
why monsoons seem to be getting stronger in Pakistan and NW
India.

Why do monsoon rains vary?
The floods of 2010 and 2011 were due to far greater than average
rainfall amounts - Karachi received 740 mm during the 2010
monsoon, five times the expected average. There are various theories
for this variation:

1. El Nino-Southern Oscillation (ENSO)
The change of warm water in the southern Pacific has an effect
on the atmosphere above. Pakistan is more likely to experience
heavier monsoons when there are La Nina conditions over N.
Australia and Indonesia (teleconnection). In 2010, there was a
particularly strong La Nina event in the central Pacific Ocean.

2. Indian Ocean Dipole effect (IOD)
Just as the ENSO occurs in the Pacific Ocean, a similar oscillation
operates in the Indian Ocean. When winds blow west to east
(negative IOD), the Indian Ocean becomes warmer, adding to
rainfall totals.

3. Temperatures in central Pakistan
When temperatures exceed 400C in southern Punjab and upper
Sindh provinces, the heatwave intensifies the pressure gradient,
bringing more monsoon rain.

Does climate change explain the 2010-11 floods
The IPCC predicts that there will be more extreme natural events in
a warming world. The following factors may all play a part in the
recent extreme floods in Pakistan:
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Human factors that contribute to flooding
Nearly 70% of Pakistan’s population work in the agriculture sector, and live close to rivers that are used in the dry season to irrigate crops.
Rural communities are very vulnerable on two accounts because when land is flooded they lose their livelihoods as well as their homes.
Also, in the countryside, illiteracy is rife and government services are often non-existent, both of which contribute to increased negative
impacts.

The urban population in Pakistan is poorer than rural communities and was affected to a greater degree than the rural north, as the flood
peak passed down the rivers. The megacity of Karachi, along with many other settlements within the Indus floodplain, added to the death
and damage figures as water ponded up, unable to flow freely downstream.

Poverty makes Pakistan’s population very vulnerable because people have few choices. They do not have the means to evacuate,
although it should be recognised that such communities are not totally helpless. They do take adaptive measures because flooding is a
regular occurrence, but in 2010, the scale exceeded past experience, and led to major destruction. In 2011, what little resilience people had
was lessened by the previous year’s impacts. Due to the damage and loss, poverty levels increased from 33% to 40%.

Deforestation and illegal logging meant that large areas of steeply-sloping land were unprotected from the amount and intensity of rainfall
and it could not infiltrate into the ground. Instead, it formed vast sheets of surface runoff that ran into the rivers causing them to rise
quickly. This is known as a flashy response and does not allow people time to respond.

Impacts of the 2010 floods
Social impacts
More than 20 million people were affected in over half the districts in Pakistan. Entire villages were destroyed, and a total of 1.2 million
houses were damaged, meaning that millions of people were displaced, some remaining so in 2012. There were 1600 deaths, a small number
compared to those affected, reflecting a global trend, where efforts directed towards disaster reduction have seen more people surviving
extreme natural events. Survivors had no clean water and food and so ran the risk of secondary health hazards. 11,000 schools were closed,
disrupting the education of many young people with the consequent loss of human potential.

Economic impacts
The partial or complete collapse of bridges, roads, buildings and utility supplies cost Pakistan billions of dollars.  The major agricultural
sector suffered losses of more than $1 billion; 3.6 million hectares of all arable crops were destroyed and 1.2 million livestock and 6 million
poultry were lost. The cotton crop failed because plants cannot survive in standing water, and 15% of the total crop was lost.  Pakistan is
the world’s 4th largest cotton producer, and this will lead to an increase in global cotton prices. The impact was felt into 2011, not only
because of further heavy flooding, but because farmers were unable to sow seeds in waterlogged ground. Also, flooding affected food
production by the vast amount of sediment washed into irrigation channels and erosion of fertile soil close to the riverbank.

Spatial variation of flood damage
Whilst Table 1 shows how the catastrophe developed over a fortnight, it also shows how floods started in the north of the country and
spread south. The first area to be badly affected was the Swat Valley in the northwest. As rivers flowed from their headwaters in the
Himalayan range south to the Bay of Bengal, flooding continued to affect people southwards, particularly in the two eastern provinces of
Sindh and Punjab, where the R. Indus and its main tributaries flow (Figure 1).

Table 1 Timeline of 2010 floods

29 July Floods triggered by heavy monsoon rains in north-west Pakistan cause rivers to burst their banks and entire villages of
mud-brick houses are destroyed.

31 July The UN describes the monsoon floods as the worst in living memory, while Pakistani authorities put the death toll at over
800.

2 August Officials say the death toll has passed 1,100 as 30,000 troops join the rescue efforts.

4 August The UN’s Disasters Emergency Committee launches an appeal for aid to help people hit by the flooding.

6 August The UN says that at least 1,600 have been killed and 14 million people affected.

8 August Heavy rain hampers rescue efforts and a red alert is issued for Sindh province.

9 August Flood levels rise above danger levels at a key flood barrier in the southern province of Sindh.

11 August The UN launches an appeal for $459m (£290m) for immediate relief aid.

14 August 20 million people affected by the country’s floods.
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Figure 3 Satellite images contrasting conditions at the
Sukkur Barrage, Sindh in 2009 and 2010
Political response

Case study example – why was Sindh the hardest-hit
province?
1. The topography is very flat – a 1 in 5000 gradient means poor

gravitational drainage even under normal conditions.
2. Five major river systems meet the R. Indus, which runs for

750 km in Sindh.
3. Some have blamed the Left Bank Outfall Drain (LBOD), citing

poor design, and altering river flow patterns. One section –
the Tidal Link - drains water to the sea but if it were to follow
natural drainage lines it would need to flow into India, which
would not be agreed. This problem could be said to be a
result of partition in 1948. The canal system was originally
earthen rather than concrete-lined. This has meant that the
water table has gradually risen over time, so ground saturation
is reached more quickly.

4. The Indus flows at a higher elevation than the floodplain,
and so spills do not return to the river, extending the period of
inundation and resulting in even greater damage. Some areas
in Sindh were still under water six months after the floods.

5. Flood defences have encouraged more intensive use of the
land, hence more damage when breached.

The Pakistani government is widely disliked for being weak and
corrupt, and it was slow to respond. President Zardari was criticised
for not visiting flooded areas for a fortnight and the army was
inefficient in rebuilding essential bridges and delivering aid. The
struggle against Islamic militants, continual political turmoil and
massive economic problems may have deflected the national aid
effort.

International aid
On an international scale, the disaster did not prompt a response
appropriate to the scale of the disaster. A UN appeal for $2bn fell
short by 50%. Unlike the Boxing Day tsunami in 2004 and the Haiti
earthquake in 2010, “donor fatigue” meant that donations from
abroad were a factor of 100 down on the Haiti earthquake. Two
major disasters in one year (Haiti and Pakistan floods) may have
affected the response, as well as the global recession.

Until the floods, western aid was focused in the northwest of the
country, where a major earthquake struck in 2005 and where military
operations against the Taliban have displaced 1.1 million people.
The flooding in Sindh caught aid workers off guard. The European
Commission has donated a total of •400 million of humanitarian aid
since 2009. The UK donated £114m for shelter for 1.3 million people
and clean water for 2.5 million people. Much western aid supported
a scheme to give flood victims direct financial aid, starting with a
payment of £150, although some aid workers thought it was prone
to corruption. Cash-for-work initiatives, run by UNDP, employed
more than 170,000 people in hundreds of projects to restore critical
community infrastructure.

2011 floods
Flooding majorly affected the provinces of Sindh and Baluchistan
in 2011, resulting in more than 465 deaths, affecting nearly 5.5 million
people and damaging up to 1.6 million homes and approximately 6.8
million acres of crops. This time, 800,000 people were affected in
areas that had escaped flooding and were refuge zones in 2010,
such as Badin district in Sindh province.

Whilst the figures of death and damage are lower than in 2010, the
actual impact was still great, because in many cases it hit people
who had still not recovered from the previous year’s floods. People
had to abandon their homes for the second time, often without
temporary shelter this time and sleeping on the roadside, suffering
from diarrhoea, food insecurity and bitten by mosquitoes.

The global response to a second year’s floods was even lower than
the year before, despite 2 million displaced people and millions
more at risk of sanitation-related diseases. The international lethargy
was explained by “compassion fatigue”. Local conditions had
deteriorated into crisis before the Pakistan government and UN
could coordinate the relief effort. The disaster response by provincial
governments within Pakistan was very uneven, so western
governments were reluctant to commit relief funds as it was felt
they would be wasted.

Flood management problems
The impacts of the 2010 and 2011 floods were exacerbated by the
lack of data and reliable forecasting. In the case of the main River
Indus and its major tributaries, as well as transboundary tributaries
from neighbouring countries such as Afghanistan, there was
insufficient data. Equipment was found to be faulty and breached
levees meant that data was inaccurate.

Sukkur barrage controls one of
the largest irrigation systems
in the world. It is designed to
cope with a maximum
900,000 cusecs of water flow,
but discharge was recorded at
1.2 million cusecs (cubic feet
per second)

2009

2010
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Future responses to monsoon flood events
Pakistan has a very low coping capacity, and much investment is
needed to build its capacity and resilience to natural events. Since
the 2005 earthquake, the National Disaster Management Authority
of Pakistan has worked to improve the understanding of the needs
of its separate provinces. The scale of flooding in 2010-11 brought
about a new National Disaster Risk Management Framework
(NDRMF). Within this national framework are a series of disaster
planning bodies at regional and district scales across Pakistan. It
was recognised that the local district (District Disaster Management
Authority (DDMA) is particularly important because it is the first
level of response. Figure 4 gives examples of improvements needed
to reduce flood impact.

Figure 4 List of measures being implemented to
decrease flood losses

The aim is to develop mitigation measures as well as a coordinated
and integrated response from the different authorities (Table 2),
and at the same time encourage stakeholder participation in a bottom-
up approach.

Table 2  Stakeholders involved in flood management

• Hazard-risk maps using GIS.
• Vulnerability and risk assessments at district level.
• Land use planning – restriction on new settlements on the

Indus floodplain.
• Maintenance of infrastructure (clearance of drains) – 30-70%

of the water storage capacity is estimated to be lost due to
silting.

• River training or regulating river flows to defined channels
to mitigate flood impact.

• Early warning systems – existing equipment is not always in
operation due to disrepair, or energy cuts.

• Community-based schemes and school safety programmes
– education can reduce fear and panic.

• Insurance schemes to minimise long term negative impacts
on livelihoods.

• Disaster Response Force, using professionals and volunteers,
for immediate search and rescue after a disaster.

• Disaster relief capacity – investment in relief supplies eg.
bottled water, tents, blankets and warehouses for storage
with easy access for relief teams.

• Enhance production and conservation of energy, so that
emergency procedures can be carried out.

Activity

Coordination of flood impact
mitigation, prevention,
preparedness and response

Early warning dissemination

Search and rescue

Coordination of overall
response and relief at
national level

Provincial coordination for
flood preparedness

Responsibility

Ministry of Water and Power

Pakistan Meteorological
Department

Armed forces

National Disaster
Management Authority
(NDMA)

Provincial and district
governments; Irrigation
Department

Likely future impacts of the floods
GDP is likely to decrease, as productivity levels fall whilst people
attempt to rebuild their lives. For the same reason, poverty will
probably increase. Reaching MDGs in Pakistan have had a setback.
Poverty is recognised as a strong factor in civil unrest and militancy,
so together with existing political problems such as global terrorism,
further extremism may be encouraged. Food prices will increase as
crops were lost and inflation will rise due to restricted availability.

There will be a significant impact on a predominantly young and
growing population that has had its education and health facilities
affected.
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Questions
1. Given the areal extent of the 2010 floods in Pakistan, and the

large and poor population, what could explain the relatively low
number of fatalities?

2. Using Figure 4, select the five most important measures of flood
impact mitigation, justifying your choices.
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