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Forewgrd

Since June 2022, Pakistan has been allecied by extreme monsoon rainfalls, causing
w -~ i —t———— —

e T ————

catstrophic Moods in many parts of the country and heavy casualties and property losses. The

——

Pakistant government declared a state ol national emergency and appealed to the international

—

community for assistance, Chinese Presideny Xi Jinping and Premicr Li Keqiang extended
y Al InpIng -

condolences to the Pakistani President and l’rimc Minister respectively, while the Chinese

o

povernment vesponded immediately and provided a large amount of cmergency reliel

———

materials and financial assistance to Pakistan to support its flood relicl and post-disaster

—

rehabilitation work,
”’—‘_——

Under the coordination arrangement of 111: Ministry of Foreign Afairs, China and the China

International Development Cooperation Agency, the Ministry of Emergency Management

took the lead, together with the Ministry of Warer Resources and the China Meteorological
———

Administration, in the establishinent of a Chinese Governmental Flood Control Expert Group

(hereinafter referred 1o as the “Chinese Expert Group”; expert names listed in appendix). The

Chinese Expert Group is composed of senior experts in meteorology, hydrology, flood control

planning, {lood management, cmergency response, disaster relief and rehabilitation, etc. From

October 11 to 21, 2022, the Chinese Exper Croup went (o Pakistan to carry out on-sitc

disaster investigations and consulting services on flood control and disaster risk reduction

(DRR). This is a concrete practice of China and Pakistan in jointly building a community of

shared future for mankind.and jointly fighting apainst major natural disasters. Before the trip,

the Chinese Expert Group had established support mechanisms from domestic dispatching

institutions in China, submitted a list of data requests to Pakistan in advance, and suggested

that Pakistan could put forward its counterpart experts in different ficlds to work with the

Chincse Expert Group.

—

Durmg its stay | m Pakistan, lhe Chmcse Expert Group camed out many discussions and

—————

exchanges with ofhcnals and experts from rhc National Flood Response and Coordmahon

—

Committee (NFRCC), the National Dlsaslcr Management Authority (NDMA), the Federal

Flood Commission (FFC), the Pakistan Meleorologlcai Department (PMD), the Spacc and

Upper Atmosphere Research Comimission (SUFARCOQ), and Water and Power Devclopment

Au!homy (WAPDA). The Chinesc Expert Group conducted on- sne mvesugauons in the
it S el
vorsl-lm arcas of Dadu City and Mirpur Khas City of Sindh Provmce and investigated the

Tarbela Dam. On the basis of conscientious analysis and study, the Chinese Expert Group

hereby puts forward the /nvestigation and Advisory Report on 2022 _Calas!rophic_F lood.f in

Pakistan.

—
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e Chinese BEapert Group was powerlully supported and closely cooperated by Pakistan's

NFRCC. NDMAL FEC PMD, SUPARCO, WAPDA as well s officials and experts from

Sindh Provinee and relevant toeal governments, The Chinese Expert Group would like to

capivss s pratitide together with sincere admiration and respect to the dedication and high

tevel o protessivnadisim displayed by federal, provincial and territorial government officials

amdezpens,
il b

Due o time constrvints, the Chinese Expert Group only investigated limited arcas.in the lower

neaches ol the Indus River, and confronted difficulties in_collecting. the complete data

—

requestad, The proup also did not have an in-depth understanding of the law of flood

occurrence, or the flood control and DRR systein in the Indus River Basin. In addition, the

national conditions, flow regimes and management modes of China and Pakistan arc dillcrent,

making inappropriacy and omissions in the advisory opinions inevitablc and leaving some

issues worth further study. The Chinese Expert Group sincerely hopes that the consultation

outcomes can provide useful help to Pakistzn's flood control and disaster mitigation activities.

and make due contributions to decpening the all-weather strategic partnership and fricndship

between China and Pakistan.
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1 Dasic Situntions
L Overvies ofwiter system

At eI ot Pakastane wnitons is mountinons wd Lilly, which can be divided into
e mane peeptaptieal aeas, namely, the Noethern Hightonds, the Indus Plisin and the

ol Mlatean,

Lhe e it syatem s the Tidus River basin, which originates from the Sengge Tsangpo
eShaquan Buver) in Chioa o the western Himalayns, passes through the Himalayas and (he
Nacakaram Mountains, enters the Pakistan-controlled Kashmir region about 120 kilometers
upstream of Skadu City, then lows through the Grand Canyon scction from Sﬁadu to Bangi,
ateacts the Gilgit River near Bangi, and turns southwest throughout entire Pakistan. Finally. it

oy into the Arabian Sea, with a total catclhinent of 1.034 million km?2.

e Indus River System has many tributarics that join the river in the course of its flow. The
major tributaries on the left bank are Jhelum River, Chenab River, Ravi River and Sutlej River.

The major tributaries on the right bank are Shyok River, Gilgit River, Kabul Rivcf and Gomal

River (Fig. 1).
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Fig. I The Indus River system map (Source: the Ministry of Water Resources, Pakistan)
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“on,

The mainsteam of Tndue River s divided into tree seetfons: upstream, dowistecan &
entiany, The upetream section fram the sonree © Kalabagh is about 1,370 ki, Wil nivre,

PN COINE, e eadient iy tpids o high corrent veloeity. The downsiream seelion i

v Ralabah o Hyderabad, with a lengts of abont 1,200 ki with, riverbed clevation

et 0 200 weters, low peadient, wide river conrse, multi-theeaded channels nnd

Aow 1law velweity, Delow Hyderabad is the sstuary rench, ie. the Indus Delta, with @ main

chamnel lengtly o abwut 2600 ki,

1.2 Meteornlopy nnd hydrology

PPakistan is located in the subtropical zone. With exception of the Baluchistan arca, most of
Pakistan territory lies on tropical monsoon climate regions. The period from December 10
March of the next year is the northeast monsoon scason, with low temperaturc, few
precipitation and low humidity: the period from April to June is the transition period from the
northeast monsoon 1o the southwest monsoon, with dry air and high temperature; the period
from July to September is the southwest ‘monsoon scason, with more rainfall, morc
thunderstorms and high humidity, which is the rainfaii scason of the whole year; and the
period from October to November is the transition season from the southwest monsoon to the

northeast monsoon, with large temperature difference between day and night and few

precipitation.

The spatial distribution of annual precipitation in Pakistan average from 1981 to 2010 is
uncven, showing a pattern of less-more-less from north to south. The annual precipitation in
high mountains in the northwest is generally less than 200 mm; the annual precipitation in
northern Khyber Pakhtunkhwa, northwestern Punjab and western Jammu and Kashmir is
more at about 1,000-1,600 mm, and locally over 'l ,600 mm: precipitation is gencrally 100-250
tnm in the south, 50-100 mm in the southwest, and less than 50 mm locally (Fig. 2). Yearly
precipitation varies widely, and alternating flood and drought years are common. The mamm

types ‘of flood disasters include riverine floods, flash flood, urban floods, pluvial floods and

glacial lake outburst floods (GLOF).

N
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1he mountainous region of the upper iy regenves precipitation largely in the form of snow.
Most ol the cunolV ol the fndus River is ted by neeliing snow and placiers from thie Karakoram,

Hindu Kot and Tlimatayas, and the test Ted by monsoon rains (July-September).

Normal Ratnfall (wn)
Annual ,
PR A PP

Fig. 2 Distribution diagram of annual precipitation in Pakistan (1981- 2010 average)
1.3 Flood Control and Disaster Risk Reduction (DRR) System

1.3.1 Structural Flood Control ¥Measurcs

Al present, Pakistan has initially established a flood contro!l engineering system in the Indus
River Basin that mainly composed of reservoirs, dikes, revetments and spur dikes, as well as

irrigation system and a partial drainage system mainly covering downstream plain arcas.

(1) Reservoir. There arc a small numiber of reservoirs in the upper reaches of the Indus River.
including Tarbela on the mainstream of the Indus River. Mangla on the Jhelum River and

Wasak on the Kabul River, which are mainly used for irrigation and power generation.

(2) Dikes and spur dikes. Dikes with a total length of about 6.820 km have been constructed
along the mainstream of the [ndus River and its major tributarics, mainly in the provinces ol

Punjab, Sindh and Balochistan. In addition, 1,410 spur dikes werc built to avoid land erosion

caused by changes in river morphology.
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() Revetments, nenler e prevent riverbank collapse enused by the Literal vroay,
ceutig of the vver channel, sone riverbank protection works have been built on bothy q,
oF the Indus River amd its major teibutacies, especially in the hilly areas with high Mow

vehaiy amd the main stonetare type is gabion net retaining wall,

W) Levigation system, The water diversion and imigation system of the mainstream of the
tnlus River and its major tributaries is quite perfect, Most of them rely on the construction of
barmages such as Guddu, Sukkur and Kotri to divert water into the main canal and then (v the

lannland by gravity through the irrigation water distribution system.

(8) Drinage systent. The lower reaches of the Indus River are mostly arid or semi-arid arcas.
and the construction of drainage facilities lags behind and has deficiency. The drainage

facilitics in Sindh Province are mainly composed of drainage canal systems.

13.2 Non-Structural measures

(1) Monitoring data :'md services. There are about 100 surface meteorological ground
obscrvation stations in Pakistan (Fig. 3), including 35 stations in mountainous areas and the
rest in plain areas. There are 7 weather radars, mainly distributed in.the cast and northwest
regions. Satellite receiving ground stations have been established in Islamabad, Karachi and
other places to receive data from polar orbit satellites and geosynchronous orbit satellites.
Some hydrological stations have been established in the mainstream and major tributaries of

the Indus River, including 9 controlling stations on the mainstream, and the monitoring data

include water level, discharge and cediment, ele.
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Fig. 3 Distribution diagram of monitoring stations

Meteorological and flood operational services mainly include climate prediction and wcather
forecasting, hydrometeorological services and flood forecasting, providing weather
forecasting services as well as early warning of tropical cyclones, rainstorms, floods and other
disasters to government departments and the public in forms of electronic documents, writien
reports and ncws media. A short-term, medium-term and long-term weather and climate

forccast system has been cstablished.

(2) Policies and plannings. Pakistan has formulated a series of flood management policics
and plannings, including the National Water Policy 2018, National Water Policy
Implementation Framework, National Flood Tilemeltry Network Stations Master Planning,
National Flood Control  Planning 1V, Study on Countermeasures  for  Discharging
Downstream of the Kotri Barrage to Prevent Seawater Intrusion 2005, General Report on

Feasibility Study of Flash Flood Management in Pukistan 1998, etc. Some urban arcas have
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Fig. 4 Responsibility system for flood management

(4) Fluod risk maps. Flood risk maps have been prepared along the Indus River and its major
‘ributaries. llood inundation range and water -Jepths in a return period of 5 years to 50 ycurs

.naly zed. and risk areas divided according to severity.

15) Monitoring, forecasting and carly warning, Weather and flood forecasting is carried out
wothie PND and its affiliated Flood Forecasting Division respectively. Flood forecasting and
carly swarning information is released through internet, SMS, fax. ¢-mail and mobile

communication applications, as well as news media and public networks.
(6) Reservoir regulation, The main functions ol the Tarbela Reservoir and the Mangla

O
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peservait i the apper eaches of the Indis Iver are irigation aml power feneration, with
connideration v e meidental needs of ood vontrol, this the reservairs are regulated

\ [ aisrat e
et g W s ation mamagement i s st opernting procedure,

LA Vereney anagement tn Pakdstun
L) Comananweing convdination and vespansibilities of seetors

Uhe Nativnal isaster Management Council (NDMC), eliaired by the Prime Minister, with the
resident o the NDMA as Seeretary General, is the highest decision-making body in the ficld

or Pfakistani disaster management.

The NDMA is the executive arm of the NDMC, in charge of coordinating government
winistries/departments/organizations, armed  forces,  international  non-government
organizations (INGQs), non-government organizations (NGOs) and UN agencies. [t is
responsible for full-cycle disaster management including disaster mitigation, preparedness,
response, reliel and recovery, as well as the development of the National Disaster

Management Plan.

The main departments and institutions related to flood control and DRR in Pakistan include
the Ministry ol Water Resources, the FFC, the’ WAPDA, the Indus River System Authority, "
the PMD and its Flood Forecasting Division. Their specific responsibilities are as follows: (1)
The Ministry of Water Resources is responsible for developing national water resources and
hydropower resources, implementing national water policies, and liaising between Pakistan
and the intemational water enginecring organizations. (2) The FFC, which is subordinate to
the Ministry of Water Resources of Pakistan, is responsible for the preparation,
implementation assessment and review of the national flood control planning, and provides
advisory services to the Ministry of Water Resources on enginecring issues. (3) The WAPDA
is responsible for the integrated rapid development and maintenance of the national
hydrapower resources, including the control of soil salinity and waterlogging. (4) The Indus
River System Authority regulates and monitors the allocation of water resources in the Indus
River in accordance with the waler agreements among the provinces. (S) The PMD

undertakes the national operations in the fields of meteorology and hydrology, and provides
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corvites for publie activities and projects tequirting elimate information. (6) The ¥hs

Forceasting Division 1 a subwnlinate unit of the PMD, whicli Is responsible for weather and
Mow! foreeasting and warniig lnformation fsswance. (7) Provinelal ierigation departiments i
responstble tor e operation and maintenance of irigation systems, ag well as river surveys
and Tnblogieal data, (8) Mravineinl disaster Management administrations are responsible for
disaster preparediess, preparation of emergency plans, rescue and relicl measures and
vty plans, examination of valnerability to disasters and formulation of preventive
weasunes, formulation of guidelines for disaster management plans, assessment of disster
prepansduess, coondination ol disaster response measures, vrganization und promotion of

DRR knowledge popularization, risk avoidance awareness and communily training,

(2) Plan development

Cach year, all the federal and provinciol disaster management stakeholders coordinate the
development of a dircctive Nood contingency plan based on the long-term weather forecasts
and climate change analysis from the PMD. The contents of the plan mainly include flood
management  responsibilities, deficiencies 'al‘ flood control projects, flood threats and
vulnerabilities, monsoon response gtlidelité'.cs. drought response guidelines, and speciﬁ;:
suggestions on key actions to be taken. According to the analysis and judgment results of
water regime of the ycar, the WAPDA and irrigation departments formulate operating plans

and emergency plans for reservoirs and irrigation canals,
(3) Emergency Response

Relcvant standards, guidelines and plans for cmergency response are formulated by the
NDMA, and the specific implementation is undertaken by provincial rescue forces. Provincial
Rescue Services 1122 are comprehensive rescue organizations. Provincial firelighters assist in
rescue actions, with police and relevant government emcrgency personnel participating in
rescuc on demand. Once the disaster reaches certain level, the Pakistani armed forces

participate in the emergency responsc at \he request of the federal government. Many

domestic non-governmental organizations participate in emergency response on request or on

. L ae i ide traini ices for
their own initiative, and relevant government departments will provide training, scrvices

(‘," -
‘e,
™
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citieens as Gistrespondery,
(4) Disnster veliel management

I the event ol a0 watural  disaster,  all - stakeholders,  including — government
ministies e patments/organizations, noned forezs, INGOs, NGOs and UN agencies, are

wrganieed by the NDMAY 1o work i a unilied manner (Pig. 5).

oo

‘
-

/Am\cd Farces

Frapla

Ut Agencies

faha

HGO's Gevl. Daparimanis

Fig. S Diagram of disaster rcliel management structure

(3) Flood control and DRR legislation

The National Disaster Management Act 20i% requires the establishment of disaster
management committees at the federal and provincial levels and disaster management
departments at the federal, provincial and prefestural levels to formulate national, provincia!
and prefectural disaster management plans. tn 2018, the Ministry of Water Resources
formulated and issued the National Water Policy, under which cach province formulated its
own sustainable development planning for watcr resources. Provincial governments undertake

Thop: remsandma,gon ph:
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plver mannpement ipation and ngekentiare, ot oo welmn satee supply, envirommensy '
other wateelted Tnetions, Pungab md Khybor Paklinkbiva have pagsed the P,

Niwer den ax e Fedveal e det is moving forward,
Lol Wetondent oo disasters

Ninee it independence, Pakistan has suffered from mnny big Noods in 1950, 1955, 1950,
IO 10731976, 1978, 198K, 1992, 1994, 1995, 2010 and 2011, causing casualtics and Iige

aonomie losses 1o varying degrees. Some of the most severe Mloods include the following:

(1) 1958 Flowds. The Noods mainly came from the Ravi River, a tributary of the Indus River.
with peak discharge of 630 thousand cubic feet per second (hercinafier referred to as cusces)
at Madhopur heudwork and 542 thousand cusecs nt Balloki headwork. It breached the flood
dikes of the Bambanwala-Ravi-Bedian-Dipalpur Link Canal, and the levee of Laliore

suburbs. The direct economic losses were about 380 million US dollars.

(2) 1973 Floods. The floods mainly came from the Kinab River, u tributary of the Indus River.
with peak discharge of | million cusec at’Khanki'Headworks and 802 thousand cusecs at the
Panjnad Barrage, i"l"ldﬂting 3.6 million hectares of arable land and destroying crops such as
wheat and cotton. Punjab lost 70,000 catile and 255.000 houscs, and 474 pcople died. The

direct economic losses were about 5.13 billion US dollars.

(3) 1976 Floods. The rainfall in the Indus River Basin from July to September was 579 mm,

and the and the peak discharge was 862 thousand cusecs at Jinnah Barrage. and 1.19 million

cusecs at Guddu Barrage. Due to inundation and flood, 425 people dica. 1.7 million people in

18.390 villages werc affectcd, 8 million hectares of land were inundated, and 11,000 louses

were damaged. The direct cconomic losses were about 3.49 billion US dollars.

(4) 1992 Floods. Extensive heavy rainfalls occurred in the Indus, Jhelum and Kinab Rivers.
The Rasul Barrage on the Jhelum River had a peak discharge of 987 thousand cusecs. 4.8
million people were affected, more than 1,000 people died, 13.000 villages were flooded and

960,000 houses were destroyed. The dircet economic losses were about 3.01 billion US

dollars.

10



https://v3.camscanner.com/user/download

(£) 2000 Flomds, Tleavy monsoon rains ocenered w Khyber Pallitinh e, Pungaby, Sindly and
Patochistan Peovinees in fate taly, Onesnih of the country was immalated, abont 20 million
people alleetede ad residents” properties, infiastinctore and armble lads destroyed, and

el 2000 peaple divd, The dineet eeonomie losses were about 10 billion U8 dollars,

(00 2001 Flonds, Foom Augast to Septembuer, the eainfall in the surrounding areas of Sindh,
Walochistan and Punjab Provinees was far nbove the historieal average, omd o large area from
Shahid Benazivabind (o the constal areas far from the leR bank of the Indus River was
nundated. About 2,75 million hectares of land were inundated in 23 districts of Sindh
Provines, 12 districts of Punjab Provinee and one district of' Azad Jammu and Kashmir
Provinee, As i result, 16 people died, about 1.6 million houses were damaged, and about

930,000 heetares of cultivated lands inundated. The direct economic losses were about 3.73

billion US dollars,
1.5 Cause analysis 0 2022 Noods
1.5.1 Rainfall analysis

‘The monsoon precipitation in Pakistan in 2022 had the following characteristics: (1)
Abnormally more precipitation. The average rainfall in the period from July to Scpicmber,
July and August were 387.2 mn, 177.6 mm and 190.5 mm respectively, which arc 175%,
181% and 239% more than those of the same period of the normal ycar, the highest since
1961 (Fig. 6). (2) Frequent heavy rainfall processes. From July to September, there were 10
heavy rainfull processes, some of which were connected, with overlapping arcas and large
amounts of rainfalls (Fig. 7). (3) Extremcness in nature. In July and August, therc were 14 and
21 meteorological stations respectively that witnassed their highest ever-monthly rainfall. The
rainfall at the Padidan Station in Sindh Province in August was as high as 1,228.5 mm, among
which 355.0 mm was recorded on August 19, marking the record for the highest monthly and
daily rainfall in history. (4) Abnormal location ¢f rainy areas. Anomalously abundant rainfall
is occurred in south Pakistan and covered a wide range. The rainfalls in July and August in
Balochistan and Sindh .Provinces were obvionsly more than those of the normal period,

marking the highest in the same period of history since 1961. According to preliminary
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Fig. 8 Return period of rainfall in July and August 2022 in Pakistan

The cause analyses of rainfall variability are as follows: (1) Since 1950, most of the world has
shown an increasing trend of extreme minfa;lls, which is the climate background of extreme
rainfalls in Pakiston this ycar. (2) This year's summer monsoon was unusually strong in the
northem Arabian Sea and lusted for a long time. The summer monsoen carried a large amount
of warm and humid air currents from the tropical Indian Ocean northward to Pakistan,
northern India and other places, which repcatedly converged with the-air currents from the
northern continent over this area, resulting i many heavy rainfall processes. (3) The extreme
rainfall anomaly in Pakistan was also the rcsult of the synergy of the South Asian summer
monsoon circulation and the East Asian summer monsoon circulation. This summer, the
western Pacific subtropical high was unusually strong and westward, causing water vapor in
the castern Bay of Bengal-to change its traditional castward path and tum to northern India
and Pakistan. Affected by this, the water vapor in southern Pakistan increased abnormally
compared with the same period of prcvious years, and the low-altitude water vapor
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Fig. 9 Dingram of 2022 peak discharges at main control stations along the Indus River

The rainfall processes from July 4 to July 9, f'ron.l July 11 to July 18 and from July 22 to July
31 led to flash Noods in Balochistan Province, raised the water levelef rivers in plain arcas
such as Punjab Province, increased soil moisturc content, and weakened the subsequent flood
regulation and storage capacity of local rivers and lakes. The rainfall in August and
September led to repeated disasters in Balochistan Province, and flash floods broke out in
many places in Balochistan Province and westemn Sindh Province, destroying flood protcction

dikes and significantly increasing the difficulty of drainage in nearby plain arcas. Although
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e prenetally frequent Nevd s in the Tower weaches of the Indus River did not cinege
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dramage bon the mearly plain ateas, espreeially for arid sl semi-arid areas. which sulfere the
mst eateedy heany uamtalls in e same period sinee 1961 from July to Septenibwr,
eanlting W sevene watetogeing enly seen in bistory, ‘This was the main cause of the
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Lhe dhiseharge of the mainsteeam Indus River ot the Taunsa Station was between 100,000 and %
WM vusees betore Tate August, 2022 aller which there was an obvious rising process of
watet evel, and the peak discharge on August 31, 2022 was 624,159 cusecs (Fig. 10). The
lgh water level of the mainstream led to the poor drainage and waterlogging in plain arca.

which aggravated the disaster losses to a certain extent,
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Fig. 10 Flood I'rocess at Taunsa Station, mainstream Indus River (Source: the PMDY

To sum up, the catastraphic flood disasters in 2022 were mainly caused by normal riverine

floods in the mainstream Indus River superimposed on the extremely heavy rainfall in the

western mountainous and plain areas downstream. Against the background of global climate

zhange, extreme weather and climate events eccur more frequently and with greater severity.

nence the scientific atiribution of this extreme rainfall cvent needs to be further revealed.

1.6 Disaster response and rescue

As of October 21, this year’s floods had affected 33.046 million people in 85 prefectural

districts, killed 1,731 people, injured 12,867 people, pantially damaged 1.393 million houses
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and completely destroyed SO1,000 hovses, Killed 1168 million livestock, damngcd 13,11 5km

roads of and A0 bridges,

Disaster wesponse aml resere were wainly ertanizcd and covnlinated by the national,
provineialamd pretectural disaster mamapement anthorities, Wit the raphd development of the
divaster sitwation, the Govermment of Takiston declared o state of emergency on August 25,
023wl regquested assistanee from e intermational community, On August 29, 2022, the
foint Py Conterence of akistan decided (o set up the NFRCC, directly under the
wepaibility o ahe: Prime Minister of 'akistan. [ts members included the relevant
depatiments ol the tederal and provineial govermments and the armed forces of Pakistan.
Specilic eneeutives were appointed by the federal government, and specific coordination fell
under the responsibility of the NDMA. Pakistan's army, navy and air force sent tcams to assist
in search, reseue, evacuation, resettlement of Nood-affected people, and transportation and

Jistribution ot disaster relief materials.

Relevant countries and the international commenity actively supported Pakistun’s rescue and
relief’ works. China was one of the first countries providing disaster relief assistance to
Pakistan. President Xi Jinping and Premicr Li Keqiany extended condolences to Pakistani
:
f’rcsidem and Prime Minister respectively, and the Chinese government responded
immediatcly and p'rovidcd‘ largc amounts of emergency relief materials and financial
assistance 1o Pakistan to support flood control and disaster relicf and post-disaster
reconstruction work. The total améum of flood relief assistance provided by China to Pakistan
has cxceeded 644 million RMB yuan, the most among all countries. The United States
Government announced that it would provide 56 million US dollars for flood control and
disaster relief and humanitarian assistance. The United Arab Cmirates sent 22 flights

delivering relicf supplics worth 50 million US dollars.

The United Nations agencies and international organizations responded positively. UN
Secretary-General Gutcrres visited Pakistan’s disaster-stricken arcas from September 9 to 11,
2022 and agreed to launch the 2022 Pakistan Flood Response Plan. The ncwly revised
response plan called for a fund raising of 816 million US dollars for 9.5 million victims. The
United Nations General Assembly adopted a resolution of\ October 7, 2022 urging the
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intermational community 1o provide fll support and assistance (o the Government of Pukistan

m s Nt 1 mitigate Nood disaster impacts and meet medium- and long-term recovery and

neconstiction needs, ‘The World Bank provided 350 million US dollars in flood control and
dixaster reliel assistance. The World Food Programme provided 110 million US dollars for

disaster reseue and reliel operations.

(& camScanner


https://v3.camscanner.com/user/download

2 Aspeets for Fuether Improvement

The federal and toeal govemments of Pakistin have attached great importance 1o floud
control ad DRR. Vet at present, the Pakistani food control and DRR system is not sound
enough, with Timited delense capability that me kes the impacts of major Noods on economic

anlsocial development obvious. The major existing aspects for further improvement mainly

inchude the following 7 aspects:

2.1 The uceuracy of Nood monitoring, forecasting and enrly warning system needs to be

improved

Pakistan has established a relatively complete rainstorm flood monitoring, forccasting and
carly warning systemn, yet there are still deficiencies in terms of accuracy, leading time of
forecusting. and carly warning means. (1) The network of meteorological and hydrological
manitoring stations is sparse and does not rcach the minimum density standard of
precipitation stations, hydrological stations and evaporation stations proposed by the World
Metcorological Organization. The application of satellite and radar technology needs to be
improved, and monitoring of glacial snowmelt floods and GLOFs necds to be strengthencd
urgcmly. (2) There is a lack of a unified national databasc to support real-time information
sharing. (3) The accuracy of extreme weather and climate event forecasting and scasonal
forecasting needs to be continuously improved. (4) The accuracy of underlying surface
characteristics of small watersheds and their basic atiribute data, and the distributed

hydrological model and hydrodynamic madel need to be improved.

2.2 The systemalization of flood control plannings and the coordination of flood control

standards in the Indus River Basin should be enhanced

Pakistan has prepared four rounds of national flood control plannings. The first two rounds
focused on the construction of flood protection dikes, riverbank revetinents, groins and other
structural measures in cities and river rcaches with weak flood control capacity and with key
infrastructure located. In the third round, thc focus shifled to non-structural measures,
including institutional reform, lood early warning system construction, flood risk mapping,

etc. The fourth round is more compreliensive, including almost all aspects of structural and
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poistructural measutes, I general, however, the pmjcgls proposed in the above-mentioned
plannings are numerous and relntively seattered. It is not scientifically arranged o establish
a Noad conwrol engineering system with the consideration on providing flood outlets from the
overall perspeetive of the entire river basin, Although \i\c objectives of reducing Mood
peaks and inundation cx|cnls."mluc|ng vulnerability and mitigating flood impacts are
proposed, they are mostly qunllln\l\-;- goals, rather than putting forward the quantitative
objectives of basin planning, Flood control standards fot the river basin and regions are not
coordinated, and design standards for structures are inconsistent, which makes it difficult to
guide the planning and design of engineering systems including reservoirs, dikes, drainage
systems and other structures. Similar problems also exist to varying degrees in the plannings

of relevant federal agencies and provincial departments.

2.3 There Is no pivotal Mlood control reservoirs in the upper reaches of the Indus River,

and the flood control regulation of the river basin nceds to be strengthened urgently

Most of the existing reservairs in the upper reaches of the Indus River have not reserved flond
control s'loragc capacity, serving mainly for power generation and irrigation. making them
difficult to clTectively play the role of flood regulation in case of major floods. Even if they
playt& a certain role in flood storage in some years, it was mostly & temporary response due
to the lack of flood control regulation schemes 10 interact the upstrenm amd dowastreinm s o
whole. It is an urgent task to build a batch of flovd control reservoirs in the upper reaches of
the Indus River Basin. to strengthen the means of ood control in the basin, retain the
upstrcam floods and reduce the flood peaks according to the downstream flood control needs.
In addition, it is necessary to further strengthen the joint flood control operation of reservoirs,
barrages, dikes and flood detention areas nhcurding 10 the combination characteristics of
typical flood superposition, so as to give full play to the overall llcncﬁls of the flood control

engineering systems in the basin.

2.4 The Mood prevention and flood regulation schemes of the Indus River Basin need (o

be prepared urgently

The Indus River alinost traverses the entire territory of Pakistan. and flood control und DRR
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ivolve many departiments of the federal government, and provinces and special distriets
along the viver, In the case of emergency such as major Mloods, the multiple authorities may
tind it very difticalt to coordinate temporarily, and hard to achieve unitied goals and mutually
recognized principles, oNen resulting in a scattered input of resources, altentions and e(Torts
lor ood control and less outcomes. 1t is urgently needed to formulate authoritative and
binding Nood prevention sehemes and flood contral regulation schemes for the Indus River
Dasin, 10 encourage a systematic and holistic thinking, and to formulate prevention
countermeasures and plans in advance for different types of floods that may occur based on
the existing flood control enginecring systems and natural geographical conditions. This will
provide a reliable basis for rclevant departments and local authoritics to implement

commanding decisions on flovd control operations, rescue and disaster relicf. [n this way, the

joint efforts of united floud fighting and efficient emergency rcsponse shall take shape.

2.5 The drainage systems for arcas downstream of the upper reaches of the Indus River

have deficiencies with low drainage capacity

Most arcas downstream of the upper reaches of the Indus River are traditional arid and
semi-arid areas. Wﬁh the climate change, however, many rainfall pmcesse§ with high
intensity in a few years were occurred, and the abnormal heavy rainfalls in the region
overwhelm the existing drainuge capacity. The problems of imperfect or even missing
drainage systems and gencrally low drainage capacity are becoming increasingly prominent.
At the same time, the blmnings of drainage systems and road networks are not coordinated,
highlighted by the problems of serious flood blocking around across river structures such as
bridges, large-scale reclamation, narrowing of ¢russ sections of flow passages in river courses,
frapmentation of land patches and phenomenon of walcrlogging backflow in local areas.
There is also a phenomenon that some irrigalion and drainage canals arc blocked during
heavy rainfalls, resulting in waterlogging that cannot be drained in time. It is necessary and
urgent to improve lhc.drainagc systems and enhance the drainage capacity in the areas

downstream of the upper reaches of the Indus River,

1.6 There is no effective means and emergency plans to deal with rainstorm floods

exceeding design standards
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According to the National Flood Control Plan 1V, when the mainstream of the Indus River i
Nooded and the water level of the river exceeds the design level of the mainstream dike, a
spillway way be opened to divert water into the southern desert area, But this is only a
preliminary idea, and a specilic planning design seheme nceds 10 be put forward on the basis
ol sullicient assessment, In addition, there is no effective solution to 1l;c drainage problem of
heavy rainfalls in farmlands and towns exceeding the existing drainage capacity. There is no
specific implementation plan for the planned drainage capacity improvement projects. The
whole Indus River Basin, as well as the key tireas and key flood control projects in the basin,
have the problem of how to deal with flood risks caused by rainstorm floods exceeding design
standards 1o varying degrees. It is necessary 1o plan and construct temporary flood diversion

and discharge facilities and shelters in advance, and to formulatc emergency plans such as

evacuation,

2.7 The problems of sediment deposition and river regime.stability are becoming

increasingly prominent

'
The annual sediment discharge of the Indus Rf\'cr is more than 200 million tons, and the main
sediment yield area is located in the upper reaches. The particle size of suspended sediment
gradually decreases towards the lower reaches. The upstream reservoirs of the Indus River,
especially the Tarbela und Mangla Rescrvoirs, have intercepted most of the incoming
sediment. signilicantly reducing their cfTective storage capacity. Most of the existing sluices
and barrages also have sediment deposition problems, which have imposed adverse effects on
their safe operation and normal benefits of the projects. The siltation in the lower reaches of
the Indus River is becoming more and morc prominent, resulting in the aggradation of the
riverbed, poor fload discharge capacity and frequent migration of the main river channel,
which further aggravate the losses of flood disasters. From the perspective of sustainable

development of the whole basin, it is an urgent task to carry out overall planning and

systematic management of the river basin by comprehensively considering the issues of

reservoirs, river sediment control and river regime evolution.
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3 Experiences of Flood Contral und DRR in China

China is one of the countries with the most serious flovd disasters in the world. Thanks 1o

unremitting eforts aver a long period of time, more than 320,000 km of dikes above Grade V

and more than 98,000 reservoirs have been built, and lood control and DIRR enginecring
systemys consisting of dikes, reservoirs and fluod storage and deiention arcas have been
cstablished in the mainstreams of wijor rivers. The main river reaches have gained the
capacity to prevent the largest floods that have actually occurred since 1949. The core of
China's Nood contral and DRR strategy is to regard a river basin as an interrelated and
interactive complex system, and to pursue the sustainable development of the whole river
basin, maximizing long-term interests and overall benefits. The objectives, standards, overall
layout and project priorities of Nood control and DRR in the river basin are clarified in stages,
. and incorporated into the strategic planning and five-year plan of relevant industry
departments from the central government to local governiments, which are implemented stcp
by step according to their priorities. Such objectives. standards, overall layout and project
priorities arc constantly summarized. reflected and improved. Main cxperiences are

categorized into the following aspects:

m Uphuidiug the leading of planning and r.ealizing the coordination of all aspects and
standards. At the national level, China formulates long-term strategic plannings with the
philosophy of “implementing the blueprint ll'i'aroughly". formulating consecutive five-year
plannings for national. cconomic and social de;fclopment. Long-lerm plannings are made for
major national projects, the distribution of productive forces and important proportions of the
national economy, and goals and directions set fqr the long-term development of the national
economy. Under the guidance of territorial development planning, China impfcmcnls
multi-planning integration under a master plan, and formulates development plannings in
different industries o guide development, such as lake protection planning, urban
construction planning, flood control planning and navigation planning. In tems of flood
control, a river basin flood control planning is formulated by taking into account water regime,
Nood control objectives, flood control standards, engineering layout, structural mcasures,

non-structural measures and implementation” plans. Under the river basin flood control
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planning, there are special plannings and regional plannings, and the lower-level plannings

chould be subardinate to the upperlevel ones,

(2) Wighlighting key objuctives in stages and implementing them step by step according
to thelr prioritles. The concept and measures of water governance should be adapted to the
Jevel of economic development, China built cikes, reservoirs and flood detention areas mainly
preventing riverine floods from 1949 to 1977 (the first stage), and‘focu;cd on solving regional
Nood and waletlogging problems caused by rapid economic development and the space
shrinking of'rivers and lakes from 1978 to 1997 (the second stage), and made efforts to build
urban (lood control protection circles with a focus on river dike reinforcement and riverplain
management in view of the Nlood control needs put forward by rapid urban devclopment from
1998 to 2012 (the third stage). Since 2012 (the fourth slage), China has adhered to a green
Jevelopment concept, implemented systematic management by taking a river basin as a unit,
optimized the pattern of territorial development. and designed cities according to flow
regimes. The National Planning for Prevention and Control of Flash Floods has been
implemented step by step. and a flash flood disaster prevention system suitable for China's’
national conditions creatively established. which has significantly reduced casualties. The
privrity of flood control project construction has been clarified, and the construction
proceeded step by step. For example, in order 1o solve the problem of flood control in the
Yangtze River Basin, China has determined the construction priorities of various flood control
projects based on comprehensive comparison of their cﬂ'ectivencs; At the same time, the
flood control standard systems in a river basin should be coordinated, and the corresponding
flood control standard be sct according to the importance of protected vbjects. There are high
or low stand.irds for the flood control of urban and rural areas, mainstreams and tributarics.
which mav not necessarily be the same. Thus, in case of major floods, the pressure of flood
control on the mainstream will not be increased. During cmergency, some key places shall be

protected with full-on efforts and some may be given up.

(3) Emphasizing flood Preventinn First, paying attention to various flood prepareduess
measures, and taking the initiative lo prevent and avoid disasters. Responsibility is

assigned 1o specific officials, and the responsible persons for flood control and drought relief

Rl
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of governments at all levels as well as the respansible persons for major rivers und Importan

projects are publicized (o facilitate social supervision. Potential disaster risks are investigated
and rectilied, damaged flood control projects repaired, and meusures implemented 1o ensure
safety against floods, According to cconomic, secial and engineering changes, the master plan
for Noad conteol and drought reliel and special plans for Nash flood, reservoir Mood confrol
andemergeney activities in dangerous dike sitations (including the response on loods
exvevding design standards) are updated and improved annually, Governments at all fevels
and their Nood control and drought relief headquarters hold annual flued control and drought
relief meetings to fully deploy the annual key tasks. China carries out disaster prevention and
mitigation training and drills, strengthens the capacity building of the professional emergency
response teams, and supplements emergency rescuc and disaster relief materials. Public
education outreach on disaster prevention and mitigation has cavered enterprises, rural arcas,
communities, schools and families, o s to improve public awareness of disaster prevention
and avoidance, and increase people's ability o perform self-rescue and mutual rescue. China
has established a six-level (village-township-county-city-province-miﬂis")’) disaster reporting
system and a national natural disaster manageinent system, and set up a disasler reporting

force of mare than | million grassroots informants with regular training.

) Coordinating and coopernting during disasters, and effectively synergizing
departments, central and local governments. The State Flood Control and Drought Relief
Headquarters of China, composed of 25 national departments, is a permanent deliberative and
coordinating body, with the leadership of the State Council as the general cominander,
responsible for overall coordination, command and dispatch of flood control and drought
relief throughout the country. The Ieadquarters organizes joint consultations, coordinates
emergency respons:e, and unifies command and dispatch. The Ministry of Emergency
Management (MCM) assume the standing oi}ice of the flood control and drought relicf
headquanters, responsible for organizing and coordinating actions, confirming rescue teams
and materials, and organizing disaster relief and assistance. Metcorological departments carry
out real-time forecasting and timely issuance of rainstorm and severe convective weather

wamings. Water resource departments are responsible for flood monitoring, forecasting and
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carly warning, using flood control projects to regulate and control floods, and reinforcing the
aperation management and safety inspection of rivers and flood control structures. Natural
resources departinents organize monitoring and early warning of potential geological hazards.
Departments ol housing, urban and rural construction, transportation and energy organiz¢
Mood contrul and drought reliet actions in tl;cir respective industries in accordance with their
respective responsibilities, AL eritical moments, the state dispatches taskforces and expert

groups to key areas to assist in ood control, Nood fighting, rescue and disaster relicf.

(5) Carrying ont joint Nood control operption with englncering systems by relying on
Nood forecasting, decision-making assistance and other information systems. Based on
the basiv principle of “interception in uppel; stream, storage at middle stream and discharge
for lower streani™, precise and unified flood regulation is implemented basin-wide, taking into
account the multiple needs of mainstream and tributaries, upstream and downstream, left and
right banks. Mlood control, drainage, power generation, water supply, navigation, irrigation
and ecology. China has accomplished a set of advanced information systems .including
. 3
mcteorology  and  hydrology forecasting and carly warning systems, as well as
decision-making assistance and command systems, which provide precise support- for flood
control with engincering systems. For example, 111 important water projects of reservoirs,
flood storage and detention areas, pumping ;mions, culverts and sluices have been included
for joint operation in the Yangtze River Basin (with a catichment area of more than 1.8 million
km?). The number of stations for real-time hydrological and precipitation information in the
basin is now more than 30,000, Combined with the quantitative precipitation forecast and
short-, medium- and long-term hydrological forecast in the Yangtze River Basin, a flood

regulation decision-making scheme is formed through real-time deduction with the he!p of the

Yangtze River flood control forecast and regulation system.

(6) Coordinating professional forces as well as local people to cnhance inspections,
defense and emergency protection of projccls. China attaches greal importance to
improving emergency response force systems and comprehensively promoting the emergency
response capacity building of professional teams and grassroots communities. The national

comprehensive (ire rescue force (China Fire aind Reseuc) is the main force and national team
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of eMergency rescue, while the Chinese People's Liberation Army and the People's Armed
police act as Mlood fghting ad rescoe commandos, Professional teams such ay engineering
construction teams are also important cooperativie Torees for Nood control and rescue, assisted
by nonsgovernmental foves, 17 riverine food fevel is below a warning level, engineering
management arganizations uder the jurisdiction of water resources departments are mainly
vesponsible e the inspection of dikes, 11 riverine Nood level exceeds a warning level, local
gpovernment takgs over the inspection and emergency protection of dikes, Emergency reseue
forees and equipment shall be preset in advance in dangerous sections of prujects and weak
dike sections, so as to minimize the risk of disasters. If riverine Mlood exceeds a certain fevel,
povernments will strengthen social mobilization, declare an emergency Mood season when

necessary, and mobilize all forces to participate in Mood fighting and disaster relief.

(7) Allocating graded responsibility for posl-disn.\;cr recovery and reconstruc(ion, and
perform reviewing, assessing and countermeasures Improving to major natural disasters
in time. People affected by disasters shall be properly resettled, with their access to food,
clothing, clean water, safe shelters, cducalioﬁ. health and epidemic prevention measures
ensured. It is guaranteed that the most vulnerable affected populations shall be properly

supported. If the losses caused by natural disasters reach the national responsc level, relevant

actions shall be taken in accordance with the national emergency plan for natural disaster

relief, ol which the working procedures m;d contents are standardized. The recovery and
reconstruction of houses and infrastructure dumaged by disasters shall be .orgnnized and
carried out by local govemments, of which the houses shall be mainly built by affected
households themsclves. The peaple’s govcnu;ents at county level shall be responsible for
organization and implementation of house rcéovery and reconstruction. The reconstruction
planning'and‘housing design shall be determined according to disaster situation and local
conditions. Site selection shall be scientifically managed, and d';sas&er resistance and
fortification capabilities improved to ensure the safety of reconstrucled houses. The state will
formulate special plannings for the recavery and reconstruction of major natural disasters and

provide various support in relevant fields, Afier each major flood disaster, assessment and

review will be organized by the central and local government to identify the causes of-the
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4 Commenls and Recommendations

I bine with global elimate climge and economic and social development, the frequency and
disaster vishs o extrenie vainstorm Noods might be on the rise, Based on field investigations
i Dadu City and Migpue Khas City of Sindh Provinee and discussions with relevant
departiments il expents, taking into account the limited Information und data collected and
comprehensive consideration of Pakistan's national conditions, low regime and manugement

made, the Chinese Lxpert Group puts Torward the following comments and staged

recommendations tor reference afler conscientions analysis and study.

4.1 Focuses in the near futnre

AL present, many areas in southern Pakistan are still inundated, Many affected people remain
homeless or are living in emergency shelters, with local trunsportation and communications
not yet fully rcslo;vd and large arcas of crops destroyed, causing food shorage risk-
Meanwhile. waterlogged arcas are prone to became breeding grounds for infcctious diseases,
and thus the risk of secondary disasters increases, and (he tasks of disaster relief and
post-disaster reconstruction are extremely arduous. In the ncar future, Pakistani authorities

- need 10 focus on strengthening the works in the following arcas:

(1) Relieving disaster-affccted people. It is recommended that Pakistan should conduct a
thorough and meticulous investigation of the number of people affected by the disaster as well

as their basic living conditions, scicntifically and rationally select centralized and

decentralized reseltlement sites, continue to raise, transport and distribute urgently needed

food, drinking water, clothing, blankets, tents and other materials to the suffering people ina
timely manner, and actively create conditions to ensure that those affected have food, clean

water, clothing, medication and safe shelters.

(2) Accelerating waterlogging drainage. It is necessary to organize personnel and extra

——————

et

cquipment to increasc the capacity of farmland drainage, to dredge drainage channcls as soon

as possible, and to create basic conditions for the restoration and reconstruction of livelihood

and living order in disaster-stricken areas. Agricultural machinery and facilitics should be

holistically dispatched, and DRR, loss reduction, emergent seeding and emergent harvesting
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hould be carried out as =001 as possible,

(M Strengthenlng cpldemie  preventlon, disinfection and  medieal treatment In
diansterssteleken neens, 10 Is recommended that Pakistan should improve emergency
monitoring of drinking water for prevention and controf of infectious diseases afler the
disaster, o seek Lo ellminate viruses In waterlogping areas and reselllement areas for the
wansterred masses, o as 1o prevent (he spread of the epidemic, It is also recommended that
Pakistan should qulekly dispatch medical (eams (o the disaster-atricken areas, carrying

medical equipment and medicines for medicz) services to meet the basic medical needs of the

people.

() Organizing post-disaster review and improvement. Governments at all levels and
relevant departiments and stakeholders should comprehensively review the occurrence and
respanse process of the catastrophic flood disaster in 2022, analysis on shortcomings, sum up
experiences und lessons. and put forward improvement measures and countenneasures, Ihen
it is recommended that Pakistan should stréngthen the application of the review results to

provide decision-making reference for furtlier improvement of flood fighting and disaster

mitigation,

(%) Scientifically formulating post-disaster recovery nnd‘ reconstruction plans. On the
basis ol review and introspection, it is rccommended that Pﬁkislan should develop a scientific.
and rational post-disaster reconstruction plan for infrastructure, civil buildings, construction
standards and structure types according to the results of flond risk mapping. coordinating
different industries and regions in view of :he present conditions and future Jevelopment.
Federal and local governments at all levels should strengthen coordination and prnrﬁmc

post-disaster recovery and reconstruction work in an orderly manner.

(6) Reconstructing damaged residential houses uas soon as possible. Planning and
construction should be carried out willh government guidance combined with residents’
wishes, combining centralized resettlement with decentralized resettlement and nearby
rescttlement with emigration resettiement, with the purpose of ensuring long-term livelihoods.

Residential sites should be sclected 1o avoid the arcas with high flood risk or prone to flash
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poads, geological disasters o riverine Noods of small and medivm.sized Fivers Rc‘sidcmial
arcas WHBAN viver courses or ool passagn s shoukl he mnve out a3 1ar a3 possible

taking advantage oF the wpper ity of postdisasier ecomstiretion (o refum sprace (ot river '

() Aeeeleeating the vepair of infrastructure damaged by Mods, 1t is recommended that
Pakistan shoukd speed up - the: maintenance and reconstruction of meleorological and
hadrological monitoring in.\hmn\-ms aml Facilities, quickly restore monitoring cupacity, and
prrvide guarantees for the nonmal operation of flovd prediction and forecasting, services in
disasterstrichen arcas. 1 is recommended that Pakistan should speed up the restoration of

imfrastructures such as transportation, clectricity, communicativns and water conservancy.

especially the lifeline projects for disaster prevention and relief. When repairing or rebuilding.
areas vulnerable to Mooding and impact should be avoided, and the food control and
waterlogaing prevention capacity of backbone lifeline projects he properly improved, and
cmergency measurds and emergency plans for rapid recovery in casc of rainstorms and flouds

exceeding design standards be formulated.

4.2 Focuses in the medinm-term future

The rpid development of cconomy ard socicty hias brought about higher safcty requirvments
lor flovd control and waterlogging elimination. I order lo gradually imprave the capability of
flood control and DRR system in Pakistan ana fundamentally avoid the obvious adverse
effects of frequent rainstonn floods on economic and social development, it is recommended

that the following works should be strengthened in the mediuni-term fulure in accordancc

with the principle of small investment with quick benefit returns:

4.2.1 Accclerating the integration of flood control plannings within the Indus River

Basin

It is reccommended that Pakistan should quickly make full usc of and integrate the cxisting
flood control plannings, water conservancy plannings and irrigation area improvement
planning formulated by the federal govenunent and its relevant departinents, and relevant

provinces (o form a holistic and systematic, flood control planning for the Indus River Basin.

"

—»

‘The flood control planning of the Indus River Basin should strengthen the concept of
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acale systematie mannpgement, elarify the Nood control standards of key areas and hey

patvtad bt coonlinate the wainsteeam wnd tributaries, upstream and downstream. leli
-—#——‘_’_—d-

and npht banks, and seientitieally design the Moad control layout, The jdea of a_flood control.

’;m\l DRR eopinecring system_chameterized_as_“intereeption_in_upper_reach, diversion ot

middle reach, discharge for tower reach and detention in_low-lying areas™ is preliminarily,

proposed as follows, o

(1) Constructing upstream reservoirs for stornge. In combination wilh the flood control

objectives of the basin, it s recommendad to formulate an_upstream_rescrvoir cluster

constrrction plan and specitic_construction_schemes, speed up the feasibility study and

approval of the existing reservoir consteuction_scheme (Fig. 1), start the construction of

Iie Nood contro!

pivotal Nood control reservoirs as soon as possible, and explicitly stipulate t

operation mode of a single reservoir and reservoir clusters.
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Fig. 11 Layout of planneii and canstructed reservoirs

(2) Restoring the Nood discharge eapacity of the rivzr channel. The lower Indus River is a

migrating plain river with its course varying in width by several Kilometers. Some barrages

)
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and large-seale bridges have intruded on the river course to varying degrees, and local river
cruss=seetiony ure abviously narwed, disaliling «ective and (uick discharge of Noods, and

may oo o backhwater vise of the upstrcam river section, resulting in the overflow and

breaehies o dikes amd Bringing abwut great potential Tazands 1o Dood eontrol, T combination
e ——

with the o eontrul Planning of the river bavin, it is recommended that Pakistan should pay

close attention 1o the regulation and removal of obstacles in the river course of the lower

Dndus River, amd testore the normal ood discharge capacity of the river reaches seriously

wevupivd by barrages and bridges, Meander cutofT or river channel strengthening project

umvelies complex issues such as upstream and downstreain relations, river regime stahility,

and land and water resources utilization on hoth sides of the river, which need to be treated
5 . . A ore

with caution. Auy planned meander cutofT scheme (Fig. 12) must be fully evaluated bef

implementation,

P
feates

.
savewang |
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Fia. 12 Schematic Dingﬁm of Recovery of Flood Discharge Capacity and meander

cutofT of Typical River Scction

(3) Constructing floud diversion projects. There arc two preliminary ideas for food

diversion projects, which do not qualify as sound recommendations duc to the lack ol"either a

topographic contour map or a groundwater depth distribution map. The first is the flood

diversion works (brown linc) of the Rainee Irrigation Canal on the lefi bank upstream of the
Guddu Barrage, proposed in the existing planning to divert the excess flood to the eastern
desert (Fig. 13), but the scale of this project is relatively large, and there may be adverse
environmental impacts and sedimenl deposition problems, which need scientific evaluation.
The second is to huild a flood diversion channel to connect the westem dike (green line) to be
uscd to intercept flash floods from the right bank upstream of the Guddu Barrage (() red linc)
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Fig. 14 Spatial distribution of waterlogging in plain urca of southenst Sindh Frovinee

4.2.2 Determining the priority order of project list and promoting orderly project

construction

The distribution, types, functions and construction standards of Mlood control and drainage
projects should be systematically organized in line with the economic development layout of
the Fedcration and relevant proyinces and in accordance with the flood control planning of
the Indus River Basin. In the medium-term, projects with small investments and quick benefit
returns may be arranged, and important key projects in the river basin or regions should be

cvaluated.

(1) Implementing projects with small investments and quick bencfit returns. Priority
should be given to the construction of flood control rescrvoirs in the upper rcaches of the
Indus River, especially muici-purpose reservoirs with both social and economic benefits. It is
necessary to f'om;ulntc a more systematic layout planning for irrigation and drainage canals,
in which priority should be given to the restoration of ancient river channels and the

improvement of drainage capacity of low-lying arcas. The across river structures that affect

river Mood discharge should be upgraded in terms of flood discharge capacity, local

“bottle-neck sections should be rectified, the dikes of key. river sections should be heightened

and reinforced, the deficiencics of flood control in the river basin should be defuscd, the ratio
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{ projets satisfving Mood control standara of the river basin should be increased, and the
[\ *

efense vapacity oFkey tiver reaches should be improved,
\!

Q) Comdueting fensibility studies of key projects with special importance. It is
wawminended o eonduet the feasibility studies for the construction of pivotal flood ¢ontrol '
neservaies i the upper reaches of the Indus River and its major tributaries, the sediment
discharge Tacilities Tor new reservoirs, the maintenance of effective storage capacity of
enisting reservoirs, the construction of dikes in the lower reaches of the Indus River and
wastern Sindh Provinee, the restoration of lvod discharge capacity in the lower reaches of the
Indus River, the improvement of the 1.BOD drainage capacity in Sindh Province, and the
Moo diversion project for the prevention of flood exceeding design standard in the
mainstream of the Indus River. The viable projects by feasibility studies should be incorporate

into the national and provincial strategic planning. They should be implemented step by step

in accordance with their priority orders,

4...3_ l.s!.ll)]]ﬂ!!ﬂg&thmIict(j»nnl;q‘r.\;\_lﬂqog forecasting and carly warning system

[t is recommended 1o make full use of modem theories and technical methods to gradually

improve the lineness of Nood monitoring, forecasting and cnrly_\_\'amir!g,S)'.SLC,"_\S,EEd_b_“_il‘L‘.‘

well-rounded national Nood forecasting and carly warning system.

(1) It is recommended 10 prepare the scheme of a flood monitoring, forecasting and carly

waring system for the Indus River Basin by making full use of medern metcorological.

hydrological and hydrodynamic theories and methods and based on bigz data technology.

(2) It is recommended to complement the construction and npgrading of meteorological and

hvdrological monitoring stations. to expand and deepen the application

. of satellite and

precipitation radar technology, to reaiize real-time and accurate sharing of all Kinds of

forecasting__and _monitoring information. and to build a national high-resolution

comprehensive database containing all elements of space-air-zround liydrometeoralogy and
e

s hydraulic project data.

(3) It is recommended 1o develop the rainstann Nood forecasting and carly warning model

according 10 hydrological zoning, and imprave the established flood forecasting and carly
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arning systems, o extend (he foreeast lead-time, and i ! loreeasti
yanin y e, and improve llni_lmcc.ulmy,_nccumy and
carly warniug vapawity,

—

() It is weeommeidad o improve rainstonn Nood early warning mechanisms and release

fowd frecasts and ey warning information in time, 10 realize reliable interaction hetween
— LLRLR e

Nood control authorities i disaster reliel authorities,

e

4.2 Strengthening the uniticd Noad control regulation of the Indus River Basin

Flowd control and DRR i the [ndus.River Basin concerns (he national economic und sociul

development of Pakistan, The relationship between the mainstream and tributaries, upstream,

and downstream, and el and right banks is so complex that u slight change in one part may

affect the situation as a whole. It is necessary to gradually implement the unified managemeni

of Nood control regulation throughuut the whole basin.

(1) It is recommended to formulate un authoritative and binding Mood prevention plan I’grgbg

Indus River Busin by the federal government. In accordance with the principle of “ensurning

safety against floods within a design standard and mitigating the disasters of floods exceeding

design standard™, the Nood control efforts in the river basin should be deployed and arranged
as a whole. The plan_will serve as an important basis for implementing flood control

dccisiog—}t_\gk_ing.un(Ldi,sasu:L[e_licLbyﬂﬂsiﬂ"ﬂ’lh{ad_qugmrs.m_nll.lcv_elS_-._.

(2) It is recommended to formulate an autho-itative and binding flood control regulation

scheme for the Indus River Basin by the lederal government. According to the determined

P

flood control standard and the design flood in the Indus River Basin Flood Prevention

———

Scheme, considering current flood control capacity of existing flood control system,

reasonable arrangements shall be made for different types and magnitudes of floods. Flood
R aldc

regulation mode, commanding authority, siructural defense and emergency response,
) il ndl ad Ahhad et
i B e —

———

evacuation and aftercare of the people in dangerous arcas, the responsibilities and obligations

—

for flood control and flood fighting shall be clarified.
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408 Aceelernting the vonstruetion of dralnage fucllities amd Mood shelters In eltles,

o ns ik ey Qoo prane neeny

iy nevessan o xystematically analyzo the characteristies_of_the _major _flood _nnd

waterhapgriing disaster losses and the trend ol extremely heavy roinfalls In the past iwo decades,

e e

andaletermine the key elties, towns and Nood-prone arens for flood control and dralnage in

e whole country, Then, it s necessary to formulate dralnage and flood shelier schemes by

fallowing the pringiple of “specific solution for specific elty, and 1pg_c_|li§ solution for upcc'!f"lc

point™ and in accordance with the Mlood control planning of the river basin, as well as pay

-— -

attention 1o the coordination among them. For areas downstrcam of the upper renches of the

Indus River, safety platforms should be bullt near densely populated residential areas as

temporary flood shellgrs In ease of extreme rainstorn floods. Bullding materials may come,
’

rm_river dredping or desilting, high earthfill areas near irrigation channels and drainage

———

shannels, or the abandoned soil from the excavation of newly established drainage detention

areas. In addition, in the posi-disaster reconstruction of governmental management facilitics,

public service facilities and schools, flood. resistant buildings with_nore than two Moors

should be built as disaster shelters or front-line command posts for disaster prevention and

relief,

—_—

4.2.6 Strengthening nativnal emergency response capaclty

Itis an important non-structural j_n_c.'gsu[c_,liftrcugthcn national emergency response capacity

to effectively reduce casualties and rapidly carry oul rescue and disaster relief, given the

develop.

e

(1) Itis recommended to formulate a national emergency response capacity building planning,

establish and improve an interdepartmental professionul _rescue team and grass-rools

non-governmental (e system, build a national emergency rescue [orce promotion and

evuluation syvstem, enhance the prolessioni] level of rescue forces in_the industry, and

strenzthen resource sharing, information shariag and joint training of various rescue forces.
—

(2) It is recommended to establish a team system of six-level disaster informants from the

W
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—

rct""“"o"l‘l_‘_",.@cs' and improve 1!y_ ﬂ'!ﬂily_mulillli)llllﬂllls in disaster information
i — e i ~—

collection, transmission, collation and analysis Uiroy

ih regular Iraining to ensure timely and

aceurate reporting ofdisaster information level b fevel alter a disaster,

(3) L is recommended o establish reserve quotin standards Tor emergency materials and
equipnient for emergeney ood lighting, disaster reliel and assistance, and gradually build up
(hese reserves, The tmining, exercises and popular science edueation of disaster prevention
aml sk avoidanee should be organized and sarried out to constantly improve people’s

awareness, as well as the ability to help themselves and each other.

4.2.7 Establishing a national Nash Nood disaster monitoring und carly warning system

for communitics

——————— e, e

The mountainous areas in the north_and west of Pakistan are prone to flash Noods, so it is

'):‘_‘:Eisﬂl)'_‘l——"‘“")ﬂt.[m;‘ssi(mnl monitoring and early warning services for communities in

small watersheds to minimize casualtics. '

e e et —

(1) It is recommended to carry out investigation and cvaluation on Mash floods. For residential

buildings in hilly areas, the investigation and analysis on flash floods should be carried oul,

e

and the dangerous areas of flash floods delimited, to reasonably determine the carly warning

\hresholds of flash (loods.

(2) It is recommended to establish Mash flood disaster monitoring and carly warning system.

| Pakistan should build a specialized monitoring and early warning platform for flash flood,

— develop a srics of rainstorn and flood analysis models for small watersheds, and determinc a |

technical pattern to realize forccasting and early warning using short-term forccasting,

nowcasting and real-time rainfall monitoring data.

(3) It is recommended to establish the transmission mechanism of forecasting and carly

warning information. Make’ full use of and ungrade the existing information transtnission

channels to issue early warning information, :onfigure community early warning facilities

, and equipment, and send early warning information directly to residents and responsible

—7

_¢ persons in charge of community’s flood disaster prevention.

Il
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Qs recammended to fnmulate pre-arranged plans for Mash flood disaster prevention al
\ ol 1 plans lor llash flood ¢ "

—

f
g avnty, township and vitlage levels in hilly areas, und 1o make family "know-how cards" to
Fy — \ . ,
/J enhanee lwal people’s awareness ol disaster prevention and emerpency evacuation
'y, | — !
capabilitivs.,
/_—-—

40N Strengthening fandamental research on flood control and DRR

1Uis a prerequisite to successtul Nload control and DRR planning, construction management,

aud operation and maintenanee to carry out fundamental research in a down-to-earth manner.

The Wasie research in the mid-term future should be carricd out around the key cfforts of flood

a—

contral and DRR in this stage.

-

(1) It is recommended to strenglhen the research on the formation meghanism of extreme

weather and climate events, and the prediction technology of objective weather and climate

torecasting, improve the meteorological and hydrological forecasting and carly warning

models for different types of rainstorm floods, and study the forecasting technology of

cryosphere mely, placier melt and glacial lake outbursts.

(2) It is recommended 1o study the composition characteristics. (lood superposition routines

and disaster-causing mechanism of different types of floods in the mainstream of the Indus

River and its majur tributaries. Develop distributed hydrological models adapted to difTerent

regional hydrometcorological characteristics, and improve the computational method of

rainstor and Nood.
Jiidie iyl o~

(3) It is recommended to develop the floud control joint aperation model of cascade reservoirs

and sluices. and optimize and improve the operation and coordination of foad control

ensincering system. The development scheme of information system to  support

decision-making on flood regulation in the Indus River Basin should be proposed.

(4) It is recommended to develop the model of soil and water loss in the river basin and the

model of sediment transport in the river channel to predict the tendency of riverbed evolution,

Develop the prediction model of reservoir sedimentation and water-sediment regulation, study
N ————— —

the prevention and control measures of reservoir sedimentation and the systematic treatment
-— -

scheme in order to reduce its impact on downstream irrigation canals.
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4.3 Focuses in the long-term future

With the sustinable developmentof akistan's cconomy and society, it is necessary to
' b A
L}

iprove struetural amd non-stiuetual systems for Nood control and DRI and implement the

—- b

e — ——

construetivn of wajor Hood control and deainage projects, (o funther improve the Nood eontrol

and disaster mitigation capacity of' the whole soeiety. In this vein, it is recommended to focus

My strenetheni v " t '
Ssrengthentug the (llowing eflors:

1.1 f\““‘"‘““"'l! the construction of Mlond cuntrol reseevoirs in the upper reaches of the

Indus River

A multischannel financing mechanism should be established to gradually promote  the
construction ol Nood control eservoirs in the mainstream and major tributaries of the Indus
River from the strategic perspective of seeurity ol energy, flood control, food and ccology,
and in accordance whlh the principle of optimizing the comprehensive benefits of flood
control, power generation, irrigation, water supply and ecology. Eventually, a reservoir cluster
will be formed sa that it may carry out multi-objcctive operation in a unified manner, and give
full play to its comprehensive bencfits through optimized regulation. In the planning and
desipn of reservoir projects, it is necessary to consider the risk of cascade dam failure caused
by upstream glacial lake outburst, reserve sediment storage capacity, and set up sediment

discharge facilities according to the requirements of optimal regulation of water and sediment,

50 as Lo reduce the adverse effects of sediment deposition.

4.3.2 Carrying out the construction of major dike rcinforcement and standard

upgrading in key arcas

Based on the flood control planning of the river basin, it is rccommended 10 comprehensively
L e e e —

consider tiic flood level of the river

course and inundation scenarios in the region and set

different flood control standards according to the importance of the objects protected by river

ﬂlsg_g,{o determine dike construction parameters such as_crest width and frec boa_r_d’_

;‘;_c_c_cﬂiig_ly_._l-‘or some major infrastructures such as railways, large-scale bridges across _the

river, expressways and other key infrastructures, the foundation elevation and corresponding
—>

flood control measures should be “defined independently. Existing dikes with frequent
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qupes of dangerous sitnations recently and serious impacts of potential breaches should
oo e . e
":‘:\-ig\\lcuc\l and refnfirced, The combination of dikes and roads o constructing roads on

i
(he landside dike slape thould be adopied t solve the problem of emergency passage in the,
o lamle Al AR U A L

—

food season, 80 a5 o facilitate the transportation of emergency imaterials and the passage of
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emenpeney Whicles,

monuiky W

403 Gradually constructing a water network engineering system In (he Indus River

Nasin

In onder to meet the multi-objective needs of flood control, power generation, irrigation, water

———

supply_ and drainage in the basin, on the basis of the existing layout of rivers, connecting

channels, imigation canals and drainage canals, a water network engineering system planning

for the Indus River Basin should be formulated to realize the synergetic integration of the

o control system, irrigation system and drainage system in the basin and regions and the

halanced allocation of water resources in space, and to promote the effective utilization of

Nood water resources by constructing pivotal projects and water sysieim connection projects.

_The options include the construction of n=w irrigation canals lo convey water into_the

imigated areas, lowlands or_newly established_economic_development _areas, and the

development of new flood diversion channel: and drainage canals in the plains on both banks

of the Indus River,

-7

4.3.4 Strengthening the construction management of river-related projects

The encroachment of cconomic and social activities on river floodplains or inappropriate

engineering construction is one of the main reasons for the amplification of Mood disasters.

Following the flood governance philosophy of “providing outlet for lood Now and space for

flood storage™, the construction management of the projects involving with the river should

—

be strengthencd 10 prevent disorderly encroachment on river courses and flood passaee space.

Residential buildings within the scope of river management should be gradually moved ot af.

2nd the dike rings for farming or other water-hlocking structures in farmlands should alse he
and Gie die 1in -

. removed as soon as possible. It is recommended that Pakistan government should improve

1 laws, regulations and standards which would be the basis for the examination and approval of
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. oo e T .
the CONMUCHON Wl Stetires that ¢rowg UNCE Interseel With or are adjacent to the river, It I

recommended that Takistan: povenment shoule gl ¢
—\\—4

) —

stblish u Mowd impraet assessment
——————

g system, i which vy, culverts, and brigues across rivers need to meet the requircnents of

M""l“‘“".\' ot the tiver, and those hat do not meet the requircinents should be

;“ il or upgeaded. s also necessary o develop ond utilize remote sensing image

reevenition technology o assist the cousintion management of illegal or disorderly

development in vivers,

- JASC ucli O ;
Constructing river regime eontrol and deNection structures for key_river sections

i the lower veaches of the Indus River

—

dowhstream channel is gentle, so the river channel siltation problem is becoming mure and

—

—

— s

more prominent, which may lead to the problems such as poor flnod discharge capacity,

B turbulent flow, unstable shoals and channels, and siltation at the mouth of the estuary. Itis_

e control and

.\ Necessary lo carry out dredging in key river reaches, construct river regim

dellection projects such as groins and bank revetments to stabilize the river channel, nagow.

the miigration range of the main channel, improve the boundary conditions of the river

channel and the flow pattern, reduce the risk of sediment deposition in the riverbed, and

—

ensure the flow capacity of the river channel and stabilize the sediment transport into the sea _

while preventing the near-bank scour and conczve bank scour from endangering the safety of

dikes.

4.3.6 Implementing soil and water conservalion projects in the upper reaches of the

Indus River

It is reccommended to implement integrated river basin management and soil and water

-

conservation projects in the small watersheds. of the upper reaches of the mainstream and

—>  major tribularics of the Indus River to control or reduce slope runoff and water loss and soil

- \erosion, reduce the disaster risks of flash floods and debris flows, reduce reservair sillation,

and reduce sediment transport in the river channel, which is very important for stabilizing the

river channel and alleviating the flood control pressure in the middle and lower reaches. The
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optional measines inelude rational planning of land use and development, implementation of

—,\\ st amd s restoration_projects in_ceologically fragile areas, strengthening grazing

wanageient, construction of eheck dams, alteration of sloping fannland or terrace farining in
LALLM 2UR

—> l mauntainous arcas,
auntainuus arcas

4.7 Continnously promoting the bullding of emergency rescue forces and emergency

response eapacity

1t is recommended that Pakistan should strengthen the capacity building of professional
cmergency rescue forces, and enhance the level of regularization, specialization and
prolessionalization, which may be achieved through promoting the standardization and
pridding management of grass-rools emergency management, carrying out rescue skills
training for social emergency forces, and organizing and implementing categorized and
eraded evaluations. Communities should conduct emergency relief drills, and provide risk
assessment, management consultation, technical maintenance and insurance services, Public
cducation should be systematically conducted regarding disaster prevention, mitigation and
reliel through various channels and forns, in order to enhance the awareness of risk
prevention and the ability of the whole society to perform self-rescue and mutual rescue. It is
recommended that Pakistan government should build and improve its national material
reserve systems and mechanisms by combining the central and local governments and
combining governments and cnterprises, and formulate a national material reserves plan to

ensure the reserves of grains, emergency matzrials and other disaster supplics.

4.3.8 Improving strategic response capability for disaster preveation and mitigation to

adapt to climate change

Starting from the goal of reducing the risk ol abnormal ilood disasters. it is recommended that

————

Pakistan should strengthen the rescarch on climate chunge and its”impact. and the

disaster-causing mechanisin ol particularly severe disasiers, so as (o find out the treml and

————— gy

routines of extreme climate events, flood disaster intensity, occurrence frequency and spatial

and temporal distribution. Qualitative  and quantitative analysis of the impact ol future
- ———

a snow-melting Noads and glacial lake outburst, the establishment of service platform for
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qimate change monitoring, prediction and impact analysis, and the gradual formation of
N s =

iee capabilitics should be accomplished to support the monitoring ol glacial lakes

pormal sy
S

and land=slide dammed lakes in northern mountainous arcas and the carly warning of GLOF

_'_‘,‘.!: According 1o the extreme storm flood risk scenarios, the strategics for the Indus River

ol . Basin, Key regions, key cities, and key flood con

trol and drainage projects should be proposed

' H .
to cope with the storm Mloods cxceeding design stendard.
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