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NP National Park

NRT Near Real Time

NWRA National Water Resources Authority

PM Project Manager

PWS Public Water Supply

RUSLE Revised Universal Soil Loss Equation

SRBMP Shire River Basin Management Program

SVTP Shire Valley Transformation Program

ToR Terms of Reference

TSS Total Stressor Score

TVS Total VEC Score
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VECs Valued Environmental and Social Components
WR Wildlife Reserve
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PREFACE

This is the2" Draft CIA Report (Main RepartVolume 1) for theCumulative Impact Assessment of the
Mpatamanga HPP on the Shire Rivefollows the delivery of thés Draft CIAReport on12" August2024.

The Mpatamanga Hydropower Project (MHPP) is beirgeseloped by the Government of Malawi with the

International Financial Corporation (IFC), SCATEC and EDF through an agreement signed under Malawi's
PublicPrivate Partnership (PPP) framework. The Project lead developer is a consortium comprised of EDF

and SCATEQhe Project Companylpatamanga Hydro Power Limited (MHPWhose shareholders are
affiliates of EDF and SCATEC, is THE CLIENT for this study. MHPL Matibaesult (Norway), Southern
Waters (Republic of South Africa), Deltares (the Netherlands) arftM@lawi) to carry out the assessnten

The following MHPL personnel are supervising the assignment:
1 Ms Charlotte Bisley (E&S ManageW)HPL
91 Dr Leah Beche (Environmental SpecialisipF

The following consultancy team members are contributing to the assignment:

Key Experts

T

= =4 =4 4 4 -4 —f —a A -8 -8 -a o ofoa oo e

Mr Leif Lillehammer (Project ManagePM) ¢ Multiconsult

Dr Jgrn Stave (Deputy PM/Terrestrial Ecologidfulticonsult

Mr Ron Passchier (Lead WRM/Water Resources Model@gjtares
aNJ aA OKl St (HygdflogdisykDelt&résy

Dr Kees Sloff (Sediment Modelling Expert/GeomorphologiBéltares
Dr Andrew Birkhead (EFlows Hydrodynamic Exge3uthern Waters
Dr Peter Borsanyi (Ecohydraulic Expemjulticonsult

Dr Frederiek Sperna Weiland (Climate Change Ex{edifares

Prof. Cate Brown (Lead Aquatic EcologiSguthern Waters

Dr Karl Reinecke (Aquatic and Riparian Biodiversity Exp8dyithern Waters
Dr Lois Koehnken (Water Quality and Geomorphology Exp&authern Waters

Dr Alison Joubert (DRIFT Eacial Model DSS Managei$outhern Waters
Mr Dennis Tweddle (Fish Biologistpouthern Waters

Mr Mexford Mulumpwa (Aquatic Ecology and Fisheries Expest)

Mr Jamesone Kamwendo (Flora ExpectiG

Mr Wilbert Chitaukali (Fauna Expectii2

Mr Jens Johan Laugen (Lead Social Expdtt)iticonsult

Mr William Greene (EconomistMulticonsult

Ms Itay Nkhono (Stakeholder Engagement Expe@)

ada 9fATIO0SGK az2tf2é& ODSYRSNI IyYyR

Non-Key Experts

= =4 =4 4 4 =9

Mr Akeel Hajat (Nationaloordinator)g G

Dr Justine Ewarmith (Invertebrate and Algae Expertpouthern Waters
Mr Nabeel Panjwani (Data Management Expe@).

Mr Vincent Makiyi (GIS ExpectlCiz

Ms Kristine L. Wallge (Hydropower Modelleifulticonsult

Dr Valeskalarezlak (Ecohydrology and EFlows Exjdb@ltares

k@zYly wA3IK(Ga

C

<
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Mr Hassan Bukhari (Assistant DRIFT Operat8guthern Waters

Mr Filip Patocka (CManagement Supporting Expert/Hydropower Engineg¥julticonsult

Mr Dylan George Marrs (Supporting E&S and&maial Model Expert) Multiconsult Freelance
Jailos Ghambi (Field Safety Offiae€..

= =4 =4 =4

Supporting Experts
1 Mr Frank Jefure (Assistant Field BiologisBouthern Waters
1 Ms Phindu Banda (Research Assistqril),
1 Ms Bernadette Mwabungulu (Research Assistqril),
91 Mr Brian Jere (Research Assistan@.

St s T LA ot

Baseline surveys during July 2023: Data collection activities were a source of great entertainment for local
youngsters.

-
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EXECUTIVE SUMMARY

This is the Executive Summary bé 2" Draft ClAw S LJ2 NIi € Cufildatiie linga& Assessment of the
Mpatamanga HPP on the Shire Rivatudy.

Objectives of the CIA
The objectives of this assignment are to:

1 Assess the cumulative environmental and social impacts of the Mpatamanga Hydropower
Project and other developments across the Shire Basin.

1 Prepare mitigation measures for these cumulative impacts, to be implemented by Mpatamanga
Hydropower Project, by other developments, and at a basin level.

1 Prepare the CIA for the Mpatamanga Hydropower Project, meeting CIA requirements set out in
the World Bank Environmental and Social Framework (ESF; World Bank 2017), IFC Performance
Standards (IFC 2012), and the guidance set out in the IFC Good Practibedkaon Cumulative
Impact Assessment and Management (IFC 2013).

The CIA is also undertaken in accordance with relevant national and international standards.

The ClAvasconducted for the Shire River Basin downstream of Lake Malawi to the confluence with Zambezi,
with focus areas frolKamuziBarrageo the border with Mozambique. Some drivers and impacts on Valued
Environmental and Social Components (VECs) extend beyond these boundaries, e.g., Lake Matawi long
water level fluctuations. These are alspbe taken into consideration in the assessment, although not as
diligentlymodelled and assessed as the selected driver/causes and stressors within the CIA catchment focus
area (e.g., infrastructure development, deforestation due to charcoal and firewood production, demographic
change and influx/ngration).

HPP on the Shire River

There are currently three operational hydropower stations in the Middle Shire River: Nkula, Tedzani and
Kapichira, generating a combined ~339 MW. The earliest, Nkula Falls A (1L6wdSVEonstructed in
conjunction withKamuzu Barragend completed in 1966, and aAN8W unit was added in 1967. The Tedzani

1 and 2 projects were developed in the riii70s and have a combined installed capacity of 40 MW. Nkula

B was constructed between 1980 and 1992 and has an installed capacity of 10D=llx&ni 3 (52 MW) was
completed in 1995, followed by Kapichira Phase | (65 MW) in 2000. The installed capacity at Kapichira was
increased to 130 MW in 2@land Tedzani to 62 MWh 2018 In January 2022 .aigichira HPP was badly
damaged by Tropical Storm Ana, resulting in its clodturgas back to full operation after rehabilitation in

May 2023.

The proposed MHPP is located on the Mpatamanga Falls between the Tedzani HPP and Kapichira HPP just
upstream of the Majete Wildlife Reserve and ~40 km west of Blantyre (see also Figure next page).

1 https://www.egenco.mw/egencaestoreskapichira/
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Figure E®-1 The Shire River showing the propos&HPPcomplex (orange triangles), existing HPPs,
hydrometric stations, main villages and the Elephant Marsh. River flows are from north to
south. RD: Regulating Dam (Source: Broetral. 2022).
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The hydropower potential at Mpatamanga was first studied in detail in the Power Development Study Phase
1 undertaken by TAMS Hydro in 1985. The project was further considered in the Malawi Power System
Development and Operation Study (Lahmeyer Internatiama Knight Piésold 1998). In 2015 Fichtner GmbH
was appointed by the Ministry of Natural Resources, Energy and Mining to undertake Prefeasibility and
Feasibility studies for the Chimgonda and Mpatamanga hydropower projects. These studies were funded by
the World Bank. The final Feasibility Study Report for the Mpatamanga Project was issued in 2017 (Fichtner
2017). This has been followed by various other technical, environmental and social studies between 2018
2022 mentioned in the ToR (Section 8, page<&)/ including the Mpatamanga Technical and Additional
Studies (Multiconsult 2019) and the Rapid Cumulative Impact Assessment (@raivp022).

CIA Process
The process used for the CIA is that recommended by the IFC Good Practise Handbook for Cumulative Impact
Assessments (IFC 2013), with the tasks aligned accordingly.

The tasks are arranged in three Phases, as follows:
1 Phase I: Inception;
1 Phase Il: Scoping, which encompasses Steps 1, 2 and 3 of the CIA process and the required
stakeholder engagements, data collection and aresys
9 Phase lll: Analysis and Monitoring Design, which encompasses Step 4, 5 and 6 of the CIA process.

The tasks in this assignment are also aligned according to the main steps of the CIA process (IFC 2013).

Determine spatial and temporal boundaries
A A

v : v
Identify VECs in consultation with affected ¢ Identify all developments and external
communities aﬂd stakeholders natural and social stressors affecting the VECs

Aleuy

jJo

Determine present conditions of VECs
rs

STEP 3

acueuwianob pue

MBLUELY

Assess cumulative impacts and evaluate their significance over VECs' predicted future conditions

340
‘lTeuonmnsul ‘jeba) bunsIxa :

STEP S5 STEP 4

Design and implement: (a) adequate strategies, plans, and procedures to manage cumulative impacts,
(b) appropriate monitoring indicators, and (c) effective supervision mechanisms

Figure E®-2 The six steps of €umulative Impact Assessment (IFC 2013).

STEP 6

The cumulative impacts of activities and developments in the tzasiassessed by means of scenarios, using
two main approaches:

1 Impact Pathway Network Analysis method (World Bank/ASTAE 2(hi4)Volume 1)

2 ASTAE (Asia Sustainable and Alternative Energy Program). 2014. Cumulative Impacts @peérdtion of SmalBcale
Hydropower Cascades. South Asia Energy Studies. Washington, DC: World Bank.

10248341RAP09 October2024 Pagexvii



2" Draft CIA Report CIA of the Mpatamanga HPP on the Shire River

1 DRIFT EeBocial Modelling (DRIFT ESM) and analysis (see Volume 2 for the detailed assessment).

VEC approach for the CIA assessment
The Valued Environmental and Social Components (\AE&Xhe core attributes to be assessed in this CIA.
CandidatevVECs considered important in assessing mskadethe following (adapted from IFC, 2021):
1 Physical features, habitats, and wildlife populations (for example, biodiversity)
Ecosystem services
Natural processes (for example, water angrient cycles and provisions)
Social conditions (for example, health, livelihoods and economics)
Cultural activities (for example, traditional spiritual ceremonies, historical and sacred places)

= =4 =4 =

The difference between a CIA and an environmental and social impact assessment (ESIA) is illustrated in the
Figure below.

Figure E®-3 Comparison of Cumulative Impact Assessment and Environmental and Social Impact
Assessment (Source: IFC, 2013).

The VECs assessménsupported by the physical, chemical, biological and social indicators assessment in
the DRIFT ESM analysis (Volume 2), and an interlinkage between those indicators and the VECs embedded in
the analysis.

Summary of Causes and Drivers of Change and Selection of Stressors and VECs for the
Mpatamanga CIA

Identification of causes and drivers as well as stressors and VECs was undertaken through consultation with
stakeholders during the July 2023 Scoping Mission. Thereafter they were geibrity the Consultant
together with the Client and WB/IFC through a rigorous analysis. The consultations were undertaken without
having any pralefined list of stressors and VECs in order for the stakeholder to be free to choose what they
perceived was ofighest importance. Basically, two distinct groups of stakeholderg wonsulted, namely:
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1 National and regional level stakeholders; e.g. government agencies, private sector, parastatals and
NGOs.

1 Community level stakeholders; e.g. communigpresentatives from villages close @ in the
vicinity of the DRIFT ESM sites.

Causes and Drivers of Change

The main drivers and causes of change in the Shire River Basin, based on the stakeholder inputs along with
researchcan be summased asshown below These have been included in the overall CIA analysis (Impact
Pathway Network Analysis) discussed in Section 7.1 of this report.

Anthropogenic (humainduced) causes/drivers

1 Charcoal and firewood production and encroachment into forested areas (most widespread
throughout the basin)

9 Agricultural and industrial development

T I'tt FTYR RIYaQ RS@GSt2LISYyld IyR 2LISNFYGA2Y Ob1l dz
KamuzuBarrage

1 Irrigation and water supply development (SVTP, lllovo, Agrjedoe plus Blantyre Water Board and
Southern Region Water Board developments)

1 Transmission lines and roads development (Mpatamanga, M@itA

Natural system causes/drivers
1 Climate change (besides charcoal production etc. the most profound driver of change at basin scale)

Summary of stressors/primary impacts
The causes/drivers of change discussed above led to identification of a group of main stressors/primary
impacts. These are as follows:

1 Extreme weather events, e.g. floods and droughts. Primarily caused by climate change but
exacerbated also by deforestation due to charcoal/firewood production and encroachment into
forested areas.

9 Deforestation and land use change. Main cause is charcoal/firewood production and encroachment
into forested areas, but also affected by infrastructure and agricultural development.

1 Environmental degradation other than deforestation (pollutioetc.). Impacted by multiple
causes/drivers but most profoundly by agricultural and industrial practises.

1 Changes to flow regime. Impacted by multiple causes/drivers, but most profoundly by HPP
development and operation.

1 Influx of people. Impacted by HRRjgation and transmission line and roads development.

These again have multiple secondary impacts which are discussed in the Summary of Baseline Conditions for
the Prioritsed VECs section to this Executive Summary.

Summary of prioritsed VECs
The VECs priorsgd and discussed in detail in Tabld &nd 35 in Section 3.2 of this report tiabeen pooled
for the Impact Pathway Network Analysis, and the finabligirioritised VECss as follows:

1 Reliablewater availability and quality.
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Biodiversity and habitats for wildlife, birds and aquatic life (VEC species and habitats).
Ecosystem services for livelihoods.

Productive land/soil for agriculture

Historical, cultural and religious sites

Tourism and social services

= =4 =4 =4 4

Modelling Suite
For the scenario assessment to be undertaken in Phasenhibdelling suitavasbuilt up in Phase Il, which is
illustrated below. Details of the model suite set up are given in Section 2.9 of this report.

) ) Hydropower Model
Climate change impact e T
(GCMs for scenarios)
Global Wflow RUSLE 1D Sediment -
precipitation Future — Model and —» %
T —> (cc) — Hydrological ya Delft 3D (2D/3D) E:
temperature rainfall Model + -,26
dam::.:;fs{& (buseline [ DRIFT E
hydrological ’ Eco-Social Model b =
timeseries from E
e
MORDOR, EdF f E
: Present Study) »
rainfall | E.
\\: HABFLO Ecohydraulics S
Model and

RMAZ2-EM Model (EM)

Figure E®-4 lllustration of the modelling suite of the Mpatamanga CIA, with the DRECGSocial Model
and the Impact Pathway Network Tool as the main receptor models/tools for the scenarios
cumulative impact assessment.

Spatial Boundaries

The spatial boundaries for the Cafe the Shire River Basin downstream of Lake Malawi to the confluence
with the Zambezi River. However, the main focus area of the study is the catchment of the Shire River from
the KamuzwBarrageo the Mozambican bordeiincluding its significant tributaries (see Figure on next page).

The Impact Pathway Network Analysis aseddbe status and changes within the whole catchment of the
main focus area whereas the DRIFT ESMstigated thestatus and changes to the aquatic and riparian
systems at the ESM sites attir associated zones/river reaches.

The temporal and spatial boundaries of the stwdgre discussed and agreed with the Client, WB/IFC and
stakeholders during the Scoping Phase.
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Figure E®-5 Spatial scope of the CIA (Focus area: Shire Basin in Malawi Kamuzu Barragéo border

of Mozambique. Transboundary assessment includes alsolsakins in Mozambique and

Shire down to the confluence with Zambezi).
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Selection of scenarios for the CIA

The scenarios wittheir temporal boundariesvere selected through an interactive process with the Client,
IFC/WB, the ESIA consultant and a few other stakeholders. Ten main scenarios have been selected and can
be grouped into four main scenario groups, namely:

Near Natural and Historical (trended past) scenarios;
Baseline scenarios (current and 2030);

Near Future scenarios (2035); and

Distant Future scenarios (2070).

=A =4 =4 =

The details of each scenario (or ssenario) are outlined in Table-E®elow. All thenydrological conditions

of the scenarios, including the baseline conditionsgizeen based on the CIA Wflow hydrological modelling
(with a hydrological reference period between 198@23), but comparison/adjustmentbave been
undertaken with the EDF baseline tirseries for 1992022, where found necessary.

Table ES provides a more detailed description of the main input characteristics/parameters for each
scenario(with each of the four main scenario groups highlighted in white/ grey background colour).
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Table E®-1 Description of the main scenarios for the CIA analy#i€luding main input characteristics/parameters.

1
- 20122022: + Kapichirg

Phase 2 + Tedzani lll

Time/Period Basin Forest Cover Estimated Basin
e . Description with regard Land Cover relative to baseline Populatior?
. Temporal Description with regard to .
Scenario to other infrastructure 1 Closed BDF
boundary HPP Development )
developments (Estimated Forest
Cover)
1 Natural Historical conditions 1900 +37% (Closed BDH < 250000
without other large =35.21%, Total =
infrastructure in the 53.38%)
. - basin and low levels of
Historical conditions .
Near Natural . . deforestation, and
. Early 1900 without large dams in the | . .
Scenario basin inputs by;
- 1900 water
resource and other
infrastructure
developments
2 HSTrend This trended scenario will Pre 1992 Pre1992: +30% 1992: 2200000
track the chang.es.m the U] R TR RS (Closed BDF = 2002: 2600000
hydrology, Kapichira | 4o 600ment that came| 19922002 33.41%) 2012: 3400000
coming online, che_mges in | Jnline between 1992 19922002: +15% | 2022:4 500000
"eq‘ml‘:ylm fL°°d'"%' 2022 Irrigation 2002¢ 2023 (Closed EDP
etﬁ.'b It ?)SROIF'(I? used .to i« developments, water 29.56%)
Ea_' rate » and INputs g, hply developments 20022023: 0%
Historical Scenario| From 1992 to 2022, Y- Irrigation (Closed BDF =
- Prel1992:Kamuzu - lllovo 25.7%)
Barrage Tedzani 1, - Agricane +
Nkula 1, 2 and 3 I .
- ;992(—12:()02.: J;] .Teldjzhanl Water Suppl
and Kapichira Phase —Qm_ BWE + SRWEB

3Based on that Shire Basin comprises 16 % of the land area of Malawi, but 22 % of its population (Coulibaly, Y.J., ibbivGOW S Beedy, T., Kundhlande, G. and Musau, J. (2015) Mapping

Vulnerability to Climate Change in Malawi: Spatial and Social Differentiation in the Shire RivekBasian Journal of Climate Change282294.http://dx.doi.org/10.4236/ajcc.2015.4309)3Estimates for all scenarios
excepténear naturaf derived from this source of total Malawi population projectioitss://worldpopulationreview.com/countries/malawpopulation
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Forest Cover Estimated Basin

Time/Period Basin

. . Description with regard Land Cover relative to baseline Populatior?
Scenario UEI]TeiE SIS Gt ST to other infrastructure 1 Closed BDF
boundary HPP Development )
developments (Estimated Forest
Cover)

3 Base 2022/3 o Current development | 2023 (same as HS | “Closed BDF = 4600000
Current situation and HPP | gia1s and land use of | 2023 forest cover) | 25.7%
devglopment within the the spatial boundary Open BDF =
spatial boundary and area 16.59%
institutions o T

Baseline Scenario - - Kamuzu Barrage Imigation Mosaic cropland =
1 (Reference Current conditions (KABOM - lllovo 1.15%
; 2023 . - i +
Scenario) ¢ operation rules) Qt?]r;:ne (_3|85493C1/%0 open BE
- Nkula (peaking) | yyaier supply Total = 43.87%
- Tedzan(peaking) - BWB + SRWB
i zg;ﬁmg Current transmission
lines and roads

4.1 | 2030BAU Subscenario BS 2.1: 2030 (same as BS] <1% (Closed BDF 7 5500000
Conditions 2030 without 2023 forest cover) | 25.4%)
Mpatamanga

- Kamuzu Barrage
(KABOM Development status
. . projections) 2030. SVTP (lllovo and
Baseline Scenario . . )
2 cwith/without 2030 - Nk(ljjla (p((aaklnkg) ) Agrlcasne connected),I
Near Future - Tedzani (peaking) MWASIP, water supply
4.2 | 2030MPTBAU gp::zgjil?a - Kapichira and transmission
(peaking ines/roads include
P i lines/roads included
(including MOMA).
Subscenario BS 2.2:
Conditions when
Mpatamanga becomes
operational

4 Considering all landcover classes relevant to forests the current forest cover within our model domain is up to 44%eakdbvarbfrom the unmodified ESA Globcover product in the prelsgritaseline

(https://www.esa-landcovercci.orgl). When modifying landcover we increased the proportion of closed canopy broadleaved deciduous forest (Closed BDF) heutxmerese of 3 other foremtlevant classes (Open BDF,

Mosaic cropland and Closed to open BE; see footnote 3)

5Closed BDF = Closed (>40%) broadleaved deciduous forest (>5m); Open BDF 09 b(@&dleaved deciduous forest (>5m); Mosaic Cropland = Mosaic croplai@dqb0vegetation (grassland, shrubland, forest) (20

50%); Closed to open BEF = Closed tn pfE5%) broadleaved evergreen and/or sdegiduous forest (>5m)
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Scenario

Temporal

boundary

Description with regard to
HPP Development

Description with regard
to other infrastructure
developments

Time/Period Basin
Land Cover

Forest Cover

Estimated Basin

relative to baseline Populatior?

1 Closed BDF
(Estimated Forest

- Kamuzu Barrage
(Kabom
projections)

- Nkula (peaking)

- Tedzani (peaking)

- Mpatamanga
(peaking)

- Kapichirarot
peaking

Cover)

5 NF1BAU

Near Future
Scenario I¢
Business as Usual
Pathway

Future conditions,
as planned for
2035

Planned HPP infrastructure
development and
operations
- Kamuzu Barrage
- Nkula (peaking)
- Tedzani (peaking)
- Mpatamanga
(peaking)
- Kapichira (not
peaking)

Future infrastructure
development scenario
as of 2035 with SVTP,
MWASIP, Irrigation as @
Master Plan up to 2035
water supply and
transmission lines
(including MOMA).

2035 BAU
(Business as usual
catchment
management and
sectors
development;

Same as BS1 2023

forest cover)

<1% (Closed BDF
25.4%)

(1.8% increase in
agricultural land)

6200000

6 NF2BAU

Near Future
Scenario Z;
Business as Usual
+ Joint Dams
Operation

Future conditions
as planned for
2035

Planned HPP infrastructure
development and
operations as of Near
Future Scenario 1 plus join
operation ofKamuzu
Barrage Nkula, Tedzani,
Mpatamanga and Kapichira
- Kamuzu Barrage
(KABOM
projections)
- Nkula (peaking)
- Tedzani (peaking)
-  Mpatamanga

(peaking)

As of Near Future
Scenario 1

2035 BAU + JDO

As NF1

6200000
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Scenario

Temporal

boundary

Description with regard to
HPP Development

Description with regard
to other infrastructure
developments

Time/Period Basin
Land Cover

Forest Cover Estimated Basin
relative to baseline Populatior?

1 Closed BDF

(Estimated Forest

- Kapichira (not
peaking)

Cover)

Climate Change

Policy up to 2035 and
National Charcoal
Strategy.

7 NF3BAUCC Near Future Planned HPIvfrastructure 2035 BAU + JDO + As NF1 6200000
Sce_narlo & Future conditions develo_pment Y As of Near Future cc
Business as Usual operations as of Near . .
. as planned for - Scenario 2 plus climate
Pathway + Joint Future Scenario 2 plus -
. 2035 . change superimposed
Operation + climate change
Climate Change superimposed
8 NF4SPCC Projected future 2:;)(;35 ‘.]DO + CC_: +9 28?052:;;2‘? 6200000

infrastructure § 0 Increase in (28 38760 ” -
development scenario SoFr:;tAcgrer \2”0217 : °)_ .
as of 2035 with SVTP, an 2017) | 205060: +20%

Near Future MWASIP, Irrigation as d (Closed BDF =

Scenario 4 : Master Plan up to 2035] Stepwise build in (i) 30.84%)

Sustainable Planned HPP infrastructure water supply and catchment 2060-70: +30%

Pathway Future conditions | SEVelopment and T rehabilitatiorf, (i) | (Closed BDF =

(including energy as planned for operations as pf Near (including MOMA). tourism and 33.41, Total =

transition and 2035 Future Scenario 3 protected areas 51.58%)

ﬁ”nai:iChaTi'grr\]; + Joint Energy source transitior rﬂ.ansagemenz?nd

gat as of National Energy (iii) Sustainable
Operation + land use

enhancement and
energy source
transitior in the
basin Introduce (i)

to (iii) sequentially.

6 Catchment rehabilitation that includes rehabilitation/reforestation of targeted erosion hotspot areadributaries with highest sediment yield to Shire, e.g. erosion hotspots in Ruo, Lisungwe, Nkulumadzi, Lirangwe,
Likabula and maybe Rivi Rivi and Mwanzautisies+ MWASIP pilot areas in Lisungwe, Nkulumadzi, Lirangwe/Likabula (as of HR Wallingfords sediment study: Baseline Regiort Bludsiiot Maps + projected reduction

of sediment transport for 2035 and 2070 conditions).

7 Enhancing tourism and protected areas management of protected arnieahe basin, and then especially the selected Flagship VECs for the CIA, e.g. Liwonde NP, Majete WR, Lengwe NP MsliadsBl¢ploaeistricted
access into, and cultivation in, the Elephant Mar3He two first are quite well protected by African Parks running them but some encroachktoestill occus (include also Northern Corridor suggestion, close to Majete, of
BAP study). Lengwe NP is under high pressure viz encroachment/ poaching and especially the New Lengwe part. The foliresigpgatts) of New Lengwe or at least major parts of it. Boordevelopment should go
hand in hand with strengthening of protected areas management.

8 Sustainable land use enhancement and energy source transifian follows the goals and targets in the Renewable Energy Strategy (2017), National Charcoal Strategy (2017) and Nesidreh&&cape Restoration
Strategy (2017) implemented for the Shire Basin,teagsition from biomass (woodfuel/charcoal) to more renewable (or sustainable sources) as the energyespuncduels/biogas, LPG and electricity as well as
sustainable charcoal production (plantation trees in targeted areas).
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Scenario

Temporal

boundary

Description with regard to
HPP Development

Description with regard
to other infrastructure
developments

Time/Period Basin
Land Cover

Forest Cover
relative to baseline
1 Closed BDF
(Estimated Forest

Estimated Basin

Populatior?

Cover)

9 DF1BAUCC Distant Future As for Near Euture 2070 BAU (BS1 As NF1 (Closed 10600 000
Scenario I Future conditions | As for Near Future Scenari . . Forest Cover) + CGQ BDF= 25.4%)
. . ) . Scenario 1 but with
Business as Usual| as projected for 1 but with Climate Change Climate Chanae 2070
plus Climate 2070 2070 conditions - 9
conditions
Change
10 DF2SPCC Distant Future 2070 + CC + SP 2070 50% (Closed | 10600 000
Scenario Z, . (50% increase in | BDF = 38.55, Total
Sustainable Future. conditions; As for Near Future 4 but As for Near F“t“Fe forest cover) =56.72)
. as projected for . - Scenario 4 but with
Pathway + Joint 2070 with 2070 conditions 2070 conditions
Operation +

Climate Change
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General Description for Mpatamanga CIA Impact Pathway Network Analysis

A cumulative impact assessment (CIA) is a process of analysing potential impacts on and risks to VECs
resulting from existing and proposed projects in the context of human activities and natural environmental
and social external drivers over time (IFC, DA2The complex relationships and interactions among
Drivers/Causes, Stressors/Primary Impacts, and Secondary Impacts that lead to cumulative impacts on the
prioritised VECs in the Shire Basin, as illustrated in Figube liZ&e been assessed for all the 10 scenarios in
Table ES.

The stressor/primary impact score is the sum of the impact from the drivers/causes, each with a magnitude
(vector weight) ranging from 0 (no impact) to 4 (very high impact) as follows:

0 = no/negligible impact
1 = lowimpact

2 = moderate impact

3 = high impact

4 = severe impact

Then the following steps are undertaken; (Determination of which drivers/causes affect which
stressors/primary impacts, and assigning them-4 dcore for each link; (2) Sumnsamg these scores for

each stressor/primary impact; (3) Then determine which stressors/primary impacts affect which secondary
impacts and assign a4lscore to each link; (4) For each link, the scoraukiplied by the primary impact
score and then summad for all links to provide a final score for the secondary impaot] lastly(5)
Determine which secondary impactffect which VEC&nd summase the secondary impact scores for each
VEC.

A summary of the assessment for each main CIA scenario is provided in the subsequent sections of this
Executive Summary. A more detailed description of the assessment and results for each scenario is provided
in Section 8 of the CIA Report. For the resoftthe DRIFT ESM assessmesfierence is made to Volume 2

and 3to this report.

Summary of Baseline Scenario 2023 (Current Conditions and Reference Scenario)

From the Impact Pathway Network Analysis Diagram in FiguéetBsStwo most prominent drivers/causes

to change in the basin, with its subsequent impacts on stressors/primary impacts and secondary impacts
towards the VECsire (i) climate change and (ii) charcoal and firewood production as well as encroachment
into forested areas. The magnitude of impact of thés® drivers/causes is also given the score 3 (high
impact) in one of their pathways towards primary impacts/stressors for the current sityaigr(i) climate
change leading toextreme weather even@nd subsequently the amount of tropical storms (7) over the past
decade and (ii)charcoal and firewood production/encroachment into forested ardhe basinwide impact

of this driver/cause over the past decades leading to large sbeflerestation and land use chang€his
driver/cause also exacerbates the impact of extreme weather events, as deforestation and land degradation

9|FC. 2021. Cumulative Impact AssessmentandM ISYSy i 2F wSySglotS 9ySNHeé& 5S@St 2LIvSy
Democratic Republic. International Finance Corporation, Washington, D.C.

10 For examplethe 5 impact pathways towards the Reliable water availability and quality gives the total impact score of 138 on this
VEC.

10248341RAPR09 October2024 Pagexxviii



2" Draft CIA Report CIA of the Mpatamanga HPP on the Shire River

lead to a less climate resilient bagimat is more prone to flood and drought shocks. Hencte impact
pathway is given the score of 2 (moderate impact).

In comparisonthe anthropogenic impacts from the drivers/causes (i) agricultural and industrial practices, (ii)
HPP development and operation, (iii) irrigation and water supply development and (iv) transmission lines and
roads are assessetbr current situation to have more moderate impacts than that of climate change and
charcoal/firewood production and encroachment, includihgir subsequent effects on stressors/primary
impacts and secondary impacts and thigmally the VECs. One major reason for this more mode(ate

lower) impact score is that most of these drivers/causes are more confined to specific areas in the basin (for
example large scale irrigation to the Lower Shire), and hence their impacts are not seewibasio the

same extent. Agricultural and indtial practicess, however, assessed to have moderate impact (score 2)

on pollution'!, and HPP development and operation is also given the same score viz its impact pathways
towards changes to flow regime and influx of people (Kapichira, Tedzani, Nkula for current situation). The
different pathways from irrigation/water supply developmeand transmission lines/roads development
towards the stressors/primary impacts is by comparison, for the current situation, given an impact score of
1 (low impact). This will of course change for future conditions when SVTP and the Mptatamanga/MOMA
transmssion lines are finaed or constructed.

The two stressors/primary impacts witlighest assessed magnitude of impaststhe secondary impacts

are: (i) extreme weather events and its impact on flood and low flow magnitude, frequency and duration
(score 3 = high impact) and its exacerbated effect on erosion and sedimentation (score 2 = moderate
impact)? (both seen basiwide) and; (ii) deforestation and land use change with its subsequent impact on
erosion and sedimentation, habitat degradation and fragmentation and biodiversity loss (all three pathways
with a magnitude score of 3 = high impact, alsoduse it can be seen basivide). Deforestation and land

use change also exacerbates flood and low flow magnitude, frequency, and duration (magnitude score 2 =
moderate impact) and catchment ecosystem regulatband provisionind services (magnitude score 2 =
moderate impacts). The stressors/primary impacts (i) environmental degradation other than deforestation;
(ii) changes to flow regimand (iii) influx of peoplare assessed to have a lower magnitude of impacts in its
different pathways towards the secondary impacts, for the current situatiorhey aregenerally also less
basinwide than the two most prominent stressors/primary impacts mentioned above.

The VEC groups that are most impacted through the pathways from the secondary impacts, for the current
situation, are (i) biodiversity and habitats for wildlife, birds, and aquatic life (flagship VEC species and
habitats) (ii) ecosystem services for livelihoflsbth with an aggregated score in the high impact rangad

(iii) reliablewater availability ad quality @ggregated scorbetween 146200). More moderately impacted

high impact range (aggregated score betweerl80) are (iv) productive land/sdifor agriculture (especially

at community level) and (v) tourism and social services. The last VEC group, (vi) historical, cultural, and
religious sitesis less affected (aggregated score in the low impact range betwe®&9)1L0

11 Environmental degradation other than deforestation.

12Three other impact pathways are given a score of 1 (low impact).

13 For examplewater purification, erosion and flood contr@oil stabilization)and carbon storage and climate regulation
14 Like plants and animals (including fish) for livelihoods, important for example in the Elephant Marsh.

15 All their impact pathways are for the current situation assessed to have an impact score of 1 (low impact)
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Baseline 1 2023

Stressors/ Primary

Drivers/Causses Impacts

310109/

Climate change

Extreme weather
events (floods and
droughts)

Charcoal and
firewood production,
encroachment into
forrested areas

Agricultural and
industrial practises

Environmental
degradation other
),é:‘é S
\‘~
(7>

A

/

HPP development
and operation

Changes to flow
regime

Irrigation and water
supply development

Influx of people

Transmission lines
and roads
development

Figure E®-6
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Ecosystem services
’ 183.0
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(total catchment
Productive land/soil
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/ Historical, cultural

)

Change in the
catchment
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and religious sites

Tourism and social
services
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Sum, Impact scores

Tourism and social servic

Historical, cultural and

religious sites

VECs
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Ecosystem services for livelihood
Productive land/soil for agriculture
Historical, cultural and religious site:
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*C= Interaction Coefficient

Vectors toward primary and secondary impacts
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d

The CIA Impact Pathway Network Analysis of Baseline Scenaiie.turrent situation (2023).
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quality
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)
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Sum IC* Impact Pathways
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1=low impact High Impact 140 - 200
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Summary of Near Natural Scenario (Early 1900)

Conditions in the basin in early 1900 is anticipated to have been characterised by a largely pristine and
unmodified Shire River Basin with largely intact forest, terrestrial and riverine ecosystemsaléo
Multiconsult et. al, 2023, Scoping Report Vol 1 Chapter 5 for details)Chltemo Bridge and railway
embankment washowever, constructed in 1907 with some impacts on the extent of lakes in the southern
portion of the Elephant Marsh. Basin population has been estimated to be low (see Tab)e Hfe
drivers/causes have been anticipated to have either no or low impact on the stressors/primary impacts and
subsequently also on the secondary impaansl finally orthe VECsThe totalimpact score on théour VEC
groups (i)reliablewater availability and quality; (ii) biodiversity and habitats for wildlife, birds and aquatic
life; (iii) ecosystem services for livelihg@hd (iv) productive land/soil for agriculture has been estimated to

be in the lowemportion of the low impact score range (48D), whilst both (v) historical, cultural and religious
sites and (vi) tourism and social services has been estimated to have been neighigdaited.

Near Natural Scenario (1900)

Stressors/ Primary
Impacts

109s 1oedw! wns

09s J10edwi wns

JA 01 shkemyred 10edw|
3/\ UO 2109s 1oedwi WNS
ual21}J202 uonoeIau|
Remyred 10edw|
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510199\

Drivers/Causses Secondary Impact VEC
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Erosion and

sedimentation Biodiversity and
Extreme weather p habitats for wildlife,

events (floods and - birds and aquatic life n
droughts) (VEC species and

habitats)

Climate change

Charcoal and
firewood production,

| s Y,
encroachment into v i
forrested areas Deforestation and \ Ecosystem services
land use change / for livelihood n

. Biodiversity loss
Agricultural and
gricultu ‘ (total catchment

industrial practises
: level)
Environmental

. / Productive land/soil
‘ degradation other / e
HPP development
and operation

than deforestation
Irrigation and water

(pollution etc.)
supply development

Change in the
catchment
ecosystemreg. and
prod. services

Historical, cultural
Changes to flow istorical, cultural

regime / and religious sites

Water quality change '

Influx of people Tourism and social

services

Transmission lines
and roads Social cohesion
development

7/

Figure E®-7 CIA analysis results of the Near Natural Scenario (early 1900).
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Summary of Historical (Trended) Scenario
The trended scenario set has been divided into three distinct pericgre-1992, 1992 to 2002 and lastly
2002 to 2@2. The basidlevelopment between 202 and 2022 is captured in Baseline Scenario 1 (2023).

Pre1992

Between 1900 and 1992 we see a stark population increase in the basin, and the estimated population in the
basin in 1992 was atZ00000 (see Table EI, putting more pressure on the basin. Between 1900 and 1992
several major historical events have also affected the aquatic and terrestrial ecosystems of the Shire, many
of them directly related to the interplay between human pressures (deforestation, -fisfeing,
transformation of wetlands)In this period, we also see the development of the first majechiannel
infrastructure such aKamuzu Barragehe first stages of the Tedzani and Nkula hydropower plants, bridges,
and embankments, as well as transgiis lines and roads etc. affecting the terrestrial envinemt. With

regards to hydrology Lake Malawi levels (that dictate/affect the baseflows of Samegharacterised by a
period of low levels between 1961040, whilst between 1940992 there is a period of medium lake levels
(see Table E®). Some deforestation is occurring, but this becomes more prominent during the next periods
(see Table ES). Loss of megafauna due to hunting and poachisgoccussin this period.

Table E®-2 Key historical events affecting the ecological integrity of the Shire B&&i®1992

Consequences for the aquatic
ecosystems

Movements of hippopotamus
(Hippopotamus amphibigsand
elephant (oxodonta africanp
create incised, vegetatiofree
pathways on the floodplain and in
the Marsh through which water ca
flow during flooding, diverting
water and sediment into adjacent
areas. These are valuable fish

Date Event References

1900 onwards| Loss of megafauna Mosopeleet al. (2009)

habitats.
Hydrology
Lake Malawi levels dictate the
19001940 Lake Malawi levels low baseflows in the Shire River,
particularly prior to the
construction of theKamuzu Birkheadet al.(2022); Bhave

1941-1970 Lake Malawi levels medium

Barrage Higher baseflows translat{ et al. (2020)

into greater flooded areas, such a
1971-1990 Lake Malawi levels medium |etlands and lakes in the Lower

Shire River.

In-channel infrastructure
Chiromo Bridge and railway

1907
embankment constructed | Changes in the extent of lakes in t

1948 Chiromo Bridge and railway |southern portion of the Marsh
embankment washed away |linked to construction, and Birkheadet al. (2022)
New Chiromo Bridge and subsequent breaches and repairs,

1949 railway embankment the railway embankment
constructed
Bundconstructed across the | Probably no longerm impacts but

1956 Shire River to prevent outflowf would have reduced dry season |Birkheadet al. 2022
from Lake Malawi flows in the Shire for a short time.
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Date

1965

Event

Kamuzu Barrageonstructed

Consequences for the aquatic
ecosystems

TheKamuzu Barragat Liwonde,
constructed in 1965, is the main
regulating facility on Shire River. It
intended to facilitate development
and operation of hydropower plant
in Middle Shire, and to support
irrigation in the Lower Shire. The
barrage dampens the seasonal
pattern of flows in the downstream
river.

References

1973

Tedzani | operationalised

Operated also as a hydropeaking
plant when demand requires.
Hydropeaking fundamentally
changes conditions in the
downstream river. Damage to
ecosystems angeople is well
documented. In the case of the
Shire, hydropeaking affects the riv
for 100s of kilometres downstrean
of turbines.

Birkheadet al. (2022)

1980

Nkula 1 operationalised

1986

Nkula 2operationalised

Operated also as a hydropeaking

1992

Nkula 3 operationalised

plant when demand requires.

Major cyclones and tropical storms

1946

] 80t 2yS 49 RAI

Major flooding. Changes in the
extent of lakes in the southern
portion of the Marsh linked to
construction, and subsequent
breaches (duringjoods) and

Ngongondcet al. (2011)

repairs, of the railway embankmer

All drivers/causes impacting the basin health comes into play duringéisd, albeit they are anticipated

to have low impact compared to current conditions (2023) on the stressors/primary impacts. However, the
combined effect of (i) charcoal/firewood production and encroachment into forested areas (ii) expansion of
agricultural andndustrial practises (iii) HPP development/operation and (iv) transmission lines and roads
development on deforestation and land use change (stressor/primary impact) leads to a combined moderate
impact on (i) habitat degradation and fragmentation and Bipdiversity loss at catchment level (both
secondary impacts)he totalimpact score on the two VEC groups (i) biodiversity and habitats for wildlife,
birds and aquatic lifeand (ii) ecosystem services for livelihood is estimated to be moderately impacted,
whilst the four othe’VECsare assessedb be in therange oflow impact.
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Trended Pre 1992

Stressors/ Primary
Impacts
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Figure E®-8 CIA analysis results of the Trended Scenario-P982.

19922002 Period

Between 1992 and 2022 the population in the basin is estimated to have increased 206600 to 2
600000. Further infrastructure comes online including Tedzani Il (1996), Kapichira Phase | (2000), and
transmission lines and roads development contisiugeforestation rates also increase in this period with
charcoal/firewood production and encroachment into foreste@asas the main driver/cause.
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Table E®-3 Key historical events affecting the ecological integrity of the Shire B4€162-2002

Consequences for the aquatic

References

ecosystems
Operated also as a hydropeaking

1996 Tedzani Il operationalised . Birkheadet al. (2022)
plantwhen demand requires.
Partially operated as a
hydropeaking plant, with severe
consequences for downstream
2000 Kap|ch_|ra P_hase 1 river. In addition, s.edlment - Southern Waters (2022)
operationalised management (sediment flushing

and sedimentlumping) has been
damaging to both the upstream ar
downstream river.

Deforestation and sedimentation

Sediment supply to the Shire Rive
increasedsignificantly with
deforestation of the upper
catchment. Sedimentation in the
Elephant Marsh increased from ~]
mm/yr in the early part of the 20
century to ~34 mm/yr) in the early
part of the 2 century.

Impacts of deforestation
19902023 become increasingly evident
landcover

Mzuzaet al.(2019)

Some of thedrivers/causes impose bigger pressure during this period than the previous on&9®2g on

the basin healtrandon the stressors/primary impacts, with (i) climate change, (ii) expansion of agricultural
and industrial practisesand (iii) HPP development/operation sebthave moderate impacton various
stressors/primary impact, whilst charcoal/firewood production and encroachment into forested areas is
estimated to have high/very high impact on deforestation and land use change. Habitat degradation and
biodiversity loss continues (secondary impact) but there is also an increase in impact on (i) flood and low flow
magnitude, frequency and duration and (ii) erosion and sedimentafitve. totalimpact score on the two

VEC groups (i) biodiversity and habitats for wildlife, birds and aquaticalifi(ii) ecosystem services for
livelihood is estimated have to been highly impacted, whilstréliablewater availability and (iv) productive
land/soil for agriculture is estimated at moderate impact. The twoV4SE groupgi) historical, cultural and
religious sites and (ii) tourism and social servitesstimated to still be in the low impact range.
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Trended 1992-20C

Stressors/ Primary
Impacts
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Figure E®-9 CIA analysis results of the Trend&tenario 1992002.

20022022 Period

Obviously, the impact on the basin over this period is very similar to that of the current situation (Baseline 1
2023) and its impact pathwayso reference is made to the impact pathway diagrarr6E8th regard to

impact scores on VECs and elsewhere in the pathway. Compared to the previous foeestddegradation
continues at the same ratfor the first 10 years but seems somehow to stabilaround 2012015. Basin
population increases tan estimated 4500 000 in 2022. Further infrastructure develognts come into

place or are under construction including Kapichira Phase 2 (2014), Tedzani lll (2017), Upgi&atimgzof
Barrage(2018) and SVTP canal, amongst others. There is also a stark increase in the frequency of major
cyclones and tropical storms over this period, especiallije last 10 years (see Table-&S
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Table E®-4 Key historical events affecting the ecological integrity of the Shire B&§162-2022

Consequences for the aquatic

References

ecosystems

Kapichira Phase 2

Partially operated as a
hydropeaking plant, with severe
consequences for downstream
river. In addition, sediment

landcover

Elephant Marsh increased from ~1
mm/yr in the early part of the 20
century to ~34 mm/yr) in the early
part of the 2F century.

2014 . . : . Southern Waters (2022)
operationalised management (sediment flushing
andsediment dumping) has been
damaging to both the upstream ar
downstream river.
2017 Tedzani Il operationalised Operated as a hydrppeakmg plant
when demand requires.
Nomajor impact, but greater Bhaveet al. (2022)
2018 Upgrading oKamuzu Barrage control of Shire River flow regime.
Construction starts on the | Once constructed, the off take for
2021 Shire Valley Transformation |the canal will affect dry season loy
Program (SVTP)s flows in theLower Shire. While this
Cyclone Ana causes a break | is a move back towards a more O ——
2022 the Kapichira dam wall at the | natural seasonal distribution of P p-gov.
point at which STVP canal joi| flow, it will also facilitate greater
Repair Works to Kapichira dal intl’usion Of Cultivated fle|dS intO
2022 wall wetland areas.
Deforestation and sedimentation
Sediment supply to the Shire Rive
increased significantly with
impacts of deforestation | 2 RSO0 e AR e
19902023 becomeincreasingly evident i ) Mzuzaet al. (2019)

Major cyclones and tropical storms

Major flooding. Realignment of Ru
River into the Southern Elephant

2015 Tropical Storm Chedza Marsh as a direct result aficreased Birkheadet al. 2022
sedimentation at the Shire/Ruo
confluence.
2019 Cyclone Desmond
2003 Tropical Storm Delfina ) )
- Major flooding
2021 Cyclone Eloise
2021 Cyclone Guambe https://www.worlddata.info/
i i ichi africa/malawi/cyclones.ph
2022 Cyclone Ana Maijor flooding. Kapichira Dam Yy pnp
bursts
2022 Cyclone Gombe ) )
Major flooding
2023 Cyclone Freddy
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Summary of Baseline Scenario 2 (2030)

This scenario constitutes two swsigenariosj.e. with and without Mpatamanga HRRespectively (see Table

ES 1), as well as other dams/HPPs in the basin. In thecauario with Mpatamanga in place (2.2) this leads

to Kapichiraurning intonon-peaking mode compared to peaking without Mpatamanga in place. SVTP is also
in place (with lllovo and Agricane connected) as well as transmission lines (including MOMA). Forest cover is
anticipated to be similar to 2023, and basin population is estimatdthte risen to $00000.

The drivers/causes imposing the biggest pressure on the basin health and on the stressors/primary impacts
are for subscenario 2.1 (without Mpatamanga) still charcoal/firewood production and encroachment into
forested areas (very high impact on deforestation) and climate change (high impacts on extreme weather
events). For sulscenario 2.2 Mpatamanga HPP is dptited to increase the impact on changes to flow
regime and influx of people (both set at high impact). The other stressors/primary ingraetsticipated to

be negligibly affected by Mpatamanga at basin scale level, albeit some more local impacts are anticipated
with regardsto land use change and environmental degradation (reservoir and dam areainfdam and
regulating dam). Habitat degradation, biodiversity loss and changes to the basin ecosystem services increase
compared to Baseline 1, but at basin scBpatamanga isestimated tocauseminor changesecause
deforestation is still largely driven by charcoal/firewood production and encroachment into forested areas.
The influx of people due to Mpatamanga and other infrastructure like SVTP and MOMA is also increasing the
impact on social cohesion. Erosion and iseghtation also increase due to defmtation and extreme
weather events. The latter also increases the impacts on flood and low flow magnitude, frequency and
duration. The totalimpact score on the two VEC groups (i) biodiversity and habitats for wildlife, birds and
aquatic life and (i) ecosystem services for livelihood is estimated to be severely impacted in both sub
scenarios, with only a slight increase with Mpatamanga in platdch is also the cader the overall VEC
outcomes in the DRIFT ESM assessment in Volumé@&fontinued bsin degradation and extreme weather
events continue to impact theeliablewater availability and quality in both sub scenarios, and tlaeedittle
differences with and without Mpatamanga, with both impastored as high. Impacts on productive land/soil

for agriculture and tourism and social serviae estimated at moderate for both subcenarios, whilst
historical, cultural and religious sites rise from low impact without to moderate impacts with Mpatamanga
(mainly due to the construction of the dammplex and influx of people)
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Baseline 2 (2030) without Mpatamanga
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Figure E®-10 CIA analysis results of Baseline Scenario 2.1, without Mpatamanga.

10248341RAP09 October2024 Pagexxxix



2" Draft CIA Report CIA of the Mpatamanga HPP on the Shire River

Baseline 2 (2030) with Mpatamanga
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Figure E®-11 CIA analysis results of Baseline Scenario 2.1, with Mpatamanga.

Near Future Scenarios 1, 2 and 3 (2035)

This set constitutes the business as usual (BAU) scenario (Near Future 1), BAU WRH jofidp&ation

(BAU + JDO) scenario (Near Future 2) and BAU + JDO with climate change (CC) scenario (Near Future 3). Basi
degradation continues and the impact profile in the impact pathway towards the VECs is quite similar,
especially between Near Future 1da (only a slight decrease on VECs due to JDO, but with an increase
again when adding climate charjgdhe latter leads to increases in extreme weather eventsh its
subsequent increases in impacts on (i) flood and low flow magnitude, frequency and dusatir{ii)
sedimentation and erosion (see also Annex 1, 2 anti@ur Future 1 impact scorese exemplified in the

figure overleaf Impacts on the three VEC groupséljablewater availability and quality(ii) biodiversity and

habitats for wildlife, birds and aquatic lifand (iii) ecosystem services for livelihood are estimated to be
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severe, while (iv) productive land soil for agricultigbigh, andthe two lastare moderate. For Near Future
Scenario® and 3reference is made to the main report, Section

Near Future 1 (2035) - BAU
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Figure E®-12 CIA analysis results of Near Future Scenario 1 (2035).

Near Future Scenario 4

This scenario is the sustainable pathway scenatiere we sequentially include catchment restoration,
reforestation and mitigation measures vidtepwise build in (1) catchment rehabilitation, (2) tourism and
protected areas managemerdand (3) Sustainable land use enhancement and energy source transition in the
basin Reference is also made to Table ES 1 for more details. In the diagramarereafwe have included

all three steps. Impacts of each of the three stapsdescribed in the main report, ChaptérAs can be seen

in Figure E43, the reduction h magnitude of the impacts from especially (i) charcoal/firewood production
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and encroachment into forested areas and (ii) agricultural and industrial practieekhack on effects on

many of the stressors/primary impact and secondary impacts, leading to reduction of impacts on all VEC
groups compared to Near Future 1, 2 and 3 Scenarios. Impacts are lowered to moderate (4 VEC groups) or
low (2 VEC groups).

Near Future (2035) - Sustainable Pathway (Step 1+2+3)
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Figure E®-13 CIA analysis results of Ne&uture Scenario 4 (2035).

Distant Future Scenario 1 and 2 (2070)

This scenario set constitutes the BAU for 2070 (Distant Future 1), which is similar to Near Future 1 (2035) but
with further basin degradation and more extreme weather events due to climate change, and the Sustainable
Pathway Scenario for 2070 (Distant et 2) with continued basin restoration and reforestation as of Near
Future 4 scenario. As can be seen from Figure ES 14, in the BAU case (Near Future 1), the magnitude of almost
all impact pathways becomes more prominent eventually leading to severe irmpaes on all VEC groups.
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Hence, we are probably witnessing a possible major change in the state of the basin ecosystems with its
subsequent impacts on livelihoodstc., if no largescale restoration, reforestation and other mitigation
measuresare implemented.

Distant Future (2070) - BAU + CC

Stressors/ Primary
Impacts

JA 01 shemyred 10edw|
3/ UO 2109s j10edwi WNS

109s 19edwi wns
09s 10edwi wnNs
UaI21§4902 UonoRIaU|
Remyred 10edw|

310109
510199

Drivers/Causses Secondary Impact VEC

Flood and low flow
magnitude,

frequency and
duration

Reliant water

availability and

[ VEULY

. Erosion and
Climate change sedimentation

Biodiversity and
Extreme weather = habitats for wildlife,

events (floods and B ’ birds and aquatic life n
droughts) (VEC species and

habitats)
Charcoal and
firewood production,
encroachment into
forrested areas Deforestation and ' \ Ecosystem services
land use change A for livelihood E

Biodiversity loss
(total catchment

: level)
Environmental

A4 Productive land/soil
degradation other ) 10| 4
thagrll deforestation \ for agriculture --

(pollution etc.)

Agricultural and
industrial practises

Change in the
HPP development catchment /

and operation \ ecosystemreg. and
‘4 ‘\ o . prod. services R
anges to flow istorical, cultura

/ ’ and religious sites
Irrigation and water ‘, ) ’
supply development
/ Tourism and social
Influx of people services

/

Transmission lines y
and roads Social cohesion [
development

Figure E®-14 CIA analysis results of the Distant Future Scenario 1 (2070).

On the other handif the steps in the sustainable pathways continue to be implemented up to 2070, the
basin health and impacts on the VE&s significantly reduceds shown in Figure BS. Only continued
climate change remains somehow prominent. Impacts on all VEC groups are considerably lowexesl and
even lower than for Near Future 4, due to the continued restoration, reforestation and other mitigation
measures. Three of the VEC groupsiarnte moderate impact range and the remaining thrae in the low
impact rang.
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Distant Future (2070) - Sustainable Pathway (Step 1+2+3)
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Figure E®-15 CIA analysis results of the Distant Future Scenario 2 (2070).

A summary tablef impacts on VEQsr all scenariods given in Table ES®overleaf.
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Table E®-5 Summary VEC impact table for all scenarios.
Without Mpatamanga HPP With Mpatamanga HPP
Near natural and historical scenarios Baseline scenarios Near Future Distant Future
VEC

Reliable water
availability and
quality

Biodiversity and
habitats

Ecosystem services
for livelihoods

Productive land/soil
for agriculture

Historical, cultural
and religious sites

Tourism and social
services

Early 1900s

Pre-1992

Moderate Impact

1922-2002

2002-2022

2023

2030

2030

2035

2070

Moderate Impact

High Impact

High Impact

High Impact

High Impact

High Impact

Moderate Impact

High Impact

High Impact

High Impact

Moderate Impact

Moderate Impact

Moderate Impact

Moderate Impact

Moderate Impact

High Impact

Moderate Impact

Moderate Impact

High Impact

Moderate Impact

High Impact

BAU+JDO SP+JDO+CC SP+JDO+CC

Moderate Impact Moderate Impact

Moderate Impact Moderate Impact

Moderate Impact Moderate Impact

High Impact High Impact | Moderate Impact

Moderate Impact

Moderate Impact

Moderate
Impact

Moderate Impact

Moderate Impact

Moderate Impact

Moderate
Impact

Moderate Impact
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Cumulative Impacts Management Measures and Monitoring

Measures to mitigate impacts of hydropower and other infrastructure and basin developments can include
a combination of measures that may be classified into four main categories of aatioiet, minimse,
restore, and offset known as the mitigation hierarchy (IFC, 2021). The mitigation hierarchy is a widely used
tool that guides users towards limiting as far as possible the negative impacts on environment and human
well-being from development projects. It emphasises bastdice of avoiding and minimisirgny negative
impacts, and then restoring sites no longer used by a project, before finally considering offsetting residual
impacts (adapted from IFC 2021 and TBC #0b&it tailored to the CIA of Mpatamanga HPP on the Shire
River Basin).

1 Avoidancethrough choices about project selection, location/site selection, engineering designs, and
operating practices. Avoidance is often the easiest, cheapest and most effective way of reducing
potential negative impacts, but it requires environmental and @agipacts to be considered in the
very early stages of a project or a portfolio of projects.

1 Minimisation through measures taken to reduce the duration, intensity and/or extent of impacts
that cannot be completely avoided. Effective mirsation can eliminate some negative impacts,
such as measures to reduce noise and pollution, designing powerlines to reduce the likelihood of bird
collisionsklectrocutions, or building wildlife crossings on roads. Migatidn can also include
provision ofenvironmental flows (EFlows), fish passages (not relevant for Mpatamanga), and
sediment flushing facilities.

1 Restoration/rehabilitation through improwng degraded orlost ecosystems or habitats following
exposure to impacts that cannot be completely avoided or misgdhin the basin/sufbbasins and by
restoring livelihoods and incomes of affected and resettled communities.

Collectively, avoidance, minigaition and rehabilitation/restoration serve to reduce, as far as possible, the
residual impacts that groject (or as for this CIA a portfolio of projects and developments) has on the
environment, livelihoods, inconseetc.

i Offse or compensate Offsetting aims to compensate for any residual adverse impacts after full
implementation of the previous three steps of the mitigation hierarchy and is most often linked to
OA2ZRAOSNEAGED® . A2RAQOSNEAGE 27T 4 SichaimtokdBabiltde ( ¢ 2
2NJ NBai2NB8 RS3INIRSR KFEoAGFEGZ YR WFE@OSNISR 233
in areas where this is predicted. Offsets are often complex and expensive, so attention to earlier
steps in he mitigation hierarchy is usually preferable.the case obocial impactghis refers to
compensaibn for loss of livelihoods or resettlement.

In the following a set of identified catchment scale mitigation measures are listed as relevant for the
sustainable development of the Shire River Basin, and most of them go beyond that of the Mpatamanga HPP.
For more project scale mitigation measures,erehce is made€hapter 11 in this CIA and the ESIA and

BAP main reports (both 202#)r the Mpatamanga HPP

16 TBC. 201%5A crosssector guide foimplementing theMitigation Hierarchy
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Table ESS Identified catchment scale mitigation measures for the Shire River Basin.
gatio ea e R and pa pected O ome Partie Releva Reqgulato a 0 g0 Reference so e
Respo ple 1o amewo e (Respo ple eleva
pie e allo
Catchment Scale Cumulative Mitigatidleasures (Shire Basin and/or StBasins therein)
Joint operation of - Flood and drought | -  Coordinated flood EGENCO, NWRA| Environment Cost of EFlows releas¢ ESIAS/ESMPs for each

Shire River Dams:
Kamuzu Barrage
Nkula, Tedzani,
Mpatamanga and
Kapichira (and
Kholombidzo if
realized)

The details on joint
operation of the dams
for optimization of
power generation and
flood management
needs to be studied
more in detail in a
specialist study

risks

Suboptimal power
generation outputs
EFlows
requirements in
important
(triggering) periods
are not met
Geomorphological
changes affecting
livelihoods and
riverine ecology

monitoring and
warnings
Optimization of power
production across
HPPs in the basin
Synchronization of
EFlows for water uses
livelihoods and
riverine ecology

MHPL

Management Act
(2017) and National
Environmental Policy
(2004), Water
Resources Regulation
(2018), Water
Resources Act (2013)
and Water Resources
Policy (2005)

and flood
management for each
project (part of dams
operation). For
Mpatamanga iMHPL
this EFlows release
and flood
management is
directly integrated as &
constraint and
commitment in the
Implementation
Agreement and
accounted for in the
estimates of power
production. Kapichira,
Nkula, Tedzardrethe
responsibility of
EGENC®&amuzu
Barrageis the
responsibility of
NWRA.

Mpatamanga EFlows
monitoring cost is part
of the ESIAJESMP

mitigation budget

HPP project
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Mitigation Measure

Key Risks and Impacts

Expected Outcomes

Parties
Responsible for
Implementation

Relevant Regulatory
Framework

Preliminary costing of
measure (Responsible
Unit)

Reference source if
relevant

Institutional - Suboptimal water Better coordination of | NWRA, EGENCO| Water Resources NWRA own budget | NORPLAN. 2015.
Strengthening of management of the water management on| MHPL, SVTP etc.| Regulations (2018), for strengthening its Consultancy Services
NWRA including a Shire River the Shire, due to Water Resources Act organgation Related to Financial and
Stakeholder Co closer cooperation (2013) and Water - Stakeholder Go Institutional Aspects of
Management Platform between main Resources Policy Management Platform| the Kamuzu Barrage
for Shire:MHPL should stakeholders, (2005) cost forMHPL. Less Management. SRBMP
participate in such a benefiting the water than 100000 USD per | Phase 1.
CoManagement users and other year up to 2040
Platform together with relevant stakeholders Preliminary period.
EGENCO, NWRA, and Start in 2029 and end
other major water in 2040.Total cost at
users such as SVTP, maximum = 1.1
Agricane, lllovo etc. Million USD
Catchment - Deforestationdue | - Reduced erosion rate§ Department of Environment - MWASIRotal cost HR Wallingford (2023).
rehabilitation that to charcoal and sediment Forestry, Management Act USD 110 Million Mpatamanga HPP
includes rehabilitation extraction and transport with its MWASIP/Ministry | (2017) and National (GoM, 2023). This Sediment Study:
/ reforestation of agricultural positive impact on the | of Water and Environmental Policy includes also irrigation| Baseline Report
targeted erosion encroachment riverine environment | Sanitation, (2004), Water schemes development]
hotspot areasin - Sedimentation of and ecology Department of Resources Regulation (WB funded). (WB 107
tributaries with highest the riverine (biodiversity and Environmental (2018), Water Million; GoM 3 Million
sediment yield to ecosystem and habitats) Affairs Resources Act (2013) USD)
Shire, e.g. erosion degradation of it and Water Resources| -  Reforestation/
hotspots in Ruo, - Subsequent impact Will require also | Policy (2005), Forest rehabilitation of
Lisungwe, Nkulumadzi on livelihoods along public action to Act (2017) and targeted erosion
Lirangwe, Likabula ang the Shire manage the Forestry Amendment hotspot areas estimate
maybe Rivi Rivi and impact of/ Act (2019) at 20 Million USD
Mwanza tribs) + deliver benefits (rough estimate).
MWASIP pilot areas in for private Some of this might be
Lisungwe, Nkulumadzi activities drawn from the total
Lirangwe/Likabula. MWASIP cost aboye
but erosion hotspots
include also areas
outside MWASIP Pilot
Catchments.
Responsibility:
Ministry of Natural
Resources and Climat
Change (Possible
financing institutions
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Reference source if
relevant

Parties
Responsible for
Implementation

Relevant Regulatory
Framework

Preliminary costing of
measure (Responsible
Unit)

Mitigation Measure Key Risks and Impacts

Expected Outcomes

WB, EfDB, USAID,
NORAD)

Enhancing tourism and
protected areas
management of
protected areasn the
basin, and then
especially the selected
Flagship VECs for the
CIA, e.g. Liwonde NP,
Majete WR, Lengwe
NP and Elephant
Marsh (incl. restricted
access into, and
cultivation in, the
Elephant Marsh). The
two first are quite well
protected by African
Paks running them
but some
encroachment etc. still

- Mpatamanga and
Kapichira HPP
construction and
operation; SVTP
construction;
TL/Roads
constructionare
drivers leading to:

- Influx of workers
and hence
increased rislof
deforestation (also
due to additional
charcoal/woodfuel
extraction)

- Biodiversity loss
due to increased
encroachment and
poaching

Enhancement of
protected areas;
especially
management of
Elephant Marsh and
restoration and
management of
Lengwe NP; Majete
Community Buffer
Protection Area (as of
BAP study)

Enhanced protection
of wildlife species
(including Flagship VE
species)

Enhanced quality of
Wildlife Tourism
Enhanced livelihood
opportunities for local

Department
Tourism,
Department of
National Parks
andWildlife,
African Parks,
Robin Pope

MHPL could also
have a role due to
itssupport to the
Biodiversity
Offset between
the reg dam and
the main dam.

National Parks and
Wildlife Act (1994),
Environment
Management Act
(2017) and National
Environmental Policy
(2004), Fisheries and
Aguaculture Policy
(2016) and Fisheries
Conservation and
Management Act
(1998)

Majete WR and
Liwonde NP: African
Park€Annual Report
on cost of running the
parks and plans for
future. BAP study has
estimated cost of
MHPL to support
management and
protection of Majete
and suggested Private
Conservancy between
Reg and Main Dams.
Improved
management of both
parks can potenélly
increase tourism
revenues.

Lengwe National Park

Malawi National
Tourism Investment
Masterplan (2022), SVT,
Updated ESIA (2023),
SRBMP Business Plan f
Elephant Marsh (2018)

occus. Lengwe NP is communities SVTP mitigation
under high pressure viZ budget+ 3 million
encroachment/ USD(SVTP 2023) plus
poaching and rehabilitation/
especially the New management of New
Lengwe part. The CIA Lengwe with aough
suggests full estimate of 20 million
restoration of New USD+ for
Lengwe or at least rehabilitation (annual
major parts of it. cost as of Elephant
Tourism development Marsh & 2 million
shauld go hand in hang USD or higher for
with strengthening of management).
protected areas Responsible DNPW
management. Elephant Marsh:
Annual cost as of
SRBMP (2018) at2
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Mitigation Measure

Key Risks and Impacts

Expected Outcomes

Parties

Responsible for

Relevant Regulatory
Framework

Preliminary costing of
measure (Responsible

Reference source if
relevant

Implementation

Unit)
million USD.
Responsible DNPW

Sustainable land use
enhancement and
energy source
transition that follows
the goals and targets i
the Renewable Energy
Strategy (2017),
National Charcoal
Strategy (2017) and
National Forest
Landscape Restoratior|
Strategy (2017)
implemented for the
Shire Basin, e.g
transition from
biomass
(woodfuel/charcoal) to
more renewable (or
sustainable sources) a
the energy source. E.g
LPG, electricity and
fuel-efficient
charcoal/woodfuel
cookstoves as well as
sustainable charcoal
production (plantation
trees intargeted areas)
where appropriate.

- Widespread
deforestation and
degradation of
natural habitats
due to
charcoal/woodfuel
extraction

- Deforestation again
leads to increased
erosion and
sedimentation to
Shire

- Biodiversity loss

Enhancement of
natural and semi
natural habitats
Better protection of
protected areas and
their bordering buffer
zones

Cleaner cookstove

LPG Increased
adoption of LPG
reduces pressure on
forests and
deforestation, reduces
air pollution, diseases,
and carbon emissions
and enhances energy
services, based on
adequate incentives
for early takeoff, but
this is initially targeted
for middle to high
income urban
dwellers, institutions
and the
food/hospitality
industry.

Electricity Potential
impacts include
cleaner, more
efficient, healthier,
and superior energy
services that reduce
drudgery and
deforestation. Longer
implementation

period than LPG. Most

Department of
Environmental
Affairs, Ministry
of Energy, Malawi
Energy Regulatior]
Authority,
Department of
Forestry

Land Act (2016), The
Electricity Act (2004)
and Electricity
Amendment Act
(2016), Liquid Fuels
and Gas Act (2004),
Public Health Act
(1992), Malawi
National Energy Policy
(2018)

As of Malawi Integrated
Energy Plan (2022)
probably 10 million USD +
each year up to 2030 for
the population in the whole
basin. Responsible Ministry
of Energy

Renewable Energy
Strategy (2017),
National Charcoal
Strategy (2017) and
National Forest
Landscape Restoration
Strategy (2017), SEE4A|
Malawi Integrated
Energy Plan (2022)
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Mitigation Measure

Key Risks and Impacts

Expected Outcomes

relevant to urban and
semiurbancentres

- Fuel efficient
charcoal/woodfuel
cookstoves|Increasing
adoption of fuel
efficient charcoal and
firewood cookstoves
presents the most
immediate option to
slow deforestation and
forest degradation
across Shire River
Basin; Reduction in air
pollution resulting in
improved health of
women and children
laboursavings,
particularly for rural
women and children;
household income
savings.

Parties

Responsible for
Implementation

Relevant Regulatory
Framework

Preliminary costing of
measure (Responsible
Unit)

Reference source if
relevant

6 Conservation - Reduction in soll Increased crop yields with | Department of Land Act (2016), As of National Forest and | National Forest
agriculture, farmer productivity and reduced dependence on | Agricultural Environmental Landscape Restoration Landscape Restoration
managed natural soil erosion inorganic inputs, reduced | Extension Management Act Strategy som&5 + Million | Strategy (2017)
regeneration and agro| -  Resilience to soil/nutrient loss, increased Services, (2017), National USDin total cost roughly
forestry: (i) Increase extreme weather resilience to drought and | Department of Agricultural Policy estimated for the whole
tree cover on degradec events other climate shocks Agricultural (2016) basin. Responsible Ministry
low-yielding cropland | -  Pollutants runoff affecting the following: Research Service of Agriculture
and pastures in - Improved food
agricultural landscapesg security
through farmer - Improved climate
managed and assisted resilience
natural regeneration, - Poverty alleviation
direct seeding, and - Improved gender
planting of equity and equality
agroforestry trees and
shrubs. (ii) Implement
climate smart
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Mitigation Measure

Key Risks and Impacts

Expected Outcomes

Parties

Relevant Regulatory
Framework

Preliminary costing of

Reference source if
relevant

Responsible for
Implementation

measure (Responsible
Unit)

agricultural techniques
(including FMNR),
continuous cover
crops, crop rotation

etc.

7 Payment for - High sedimentation| -  Decrease in sediment| Department of Environmental Possible PES Benefit Lillehammer et al.
Ecosystem Services rates into yield into Forestry, NWRA, | Management Act Sharing Mechanism from | Benefit Sharing and
(PES) Lisungwe Mpatamanga Mpatamanga reservoil MHPL (2017) MHPL to cover part of the | Hydropower: Enhancing
Catchment reservoir - Livelihoods reforestation. Possibly in | Development Benefits
Reforestation of - Environmental enhancement the range ofl Million USD | of Hydropower
erosion hotspots in degradation. - Protection of For MHPL, piggybacked or] Investments Through

Livelihoods prone
to droughts and -
floods

biodiversity/wildlife
Catchment less prone
to floods/droughts

potential funds from, say
2-3 Mill USD from MWASIH
(WB) and GoMPeriod for
MHPL budget support
suggested to be 2032035,
with 300000 USD the first
two years and 15000 per
year the last three years.
Responsible MHPL and
MWASIP.

and Operational
Framework (2011)

Upper Lisungwe
catchment to reduce
erosion and
subsequent sediment
transport into
Mpatamanga reservoir

Implementation of
sustainable fisheries

At present there is no
apparent coherent

Regulation of the fisheries
in the Lower Shire is a

Department of
Fisheries; Beach

Environment
Management Act

The WorldBank funded
Shire River Basin

Bayliss, J. 2018. The
Elephant Marsh:

management plans fisheries plan for the necessary first step in Village (2017) and National Management Program General Adaptive
from Chikwawa to Lower Shire fishery, and ensuring the sustainability | Committees Environmental Policy | (Phasd) Project (P11761)7 | Management Plan. Shirq
Chiromo, i.e., the fisheries are largely of the fisheries. (BVCs) (2004), Fisheries and | hasan approved budged River Basin
extent of the Elephant | overlooked in the SVTP Aguaculture Policy for a management plan for| Management
Marsh modelled in the | documents although (2016) and Fisheries | the Elephant Marsh, which| Programme,
8 CIA.The development | the SRBMP targets Conservation and extends from Chikwawa to| Government of Malawi.
and implementation of[ & t I NI A OA LJ @ Management Act Chiromo.Rough estimate | 104 pp.
a fisheries management plans in (1998) 300000 to 500000USD
management plan is | place for all designated yearly. Responsibte
considered imperative| FA a KSNRA Sa | Department of Fisheries
for the health of the
river and the local
communities
There are early Preventing the spread of | Shire Valley None Unknown, but not high if

Control of hyacinth
9 and mimosa in the
Elephant Marsh.

Transformation
Project (SVTP),

indications that mimosa
and hyacinth could

mimosa and hyacinth, whilg
their numbers are still

implementedimmediately
Roughestimate 50000¢
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Mitigation Measure Key Risks and Impacts Expected Outcomes Parties Relevant Regulatory  Preliminary costing of Reference source if

Responsible for  Framework measure (Responsible relevant
Implementation Unit)
supported by 100000 USD every-3

Mimosa: Once a year | become problem manageable would benefit

cut adult plants, stack | invaders in the Elephani biodiversity and Government years Responsible DEA an|
dry and burn; return to| Marsh as their local communities. It Departments. DNPW
cleared areas two abundance increased | would also be considerably

months later and spot | markedly between 2015| more possible and more
treat re-sprouting cut | and 2023 (Supporting | cost effective that delaying
stumps and seedlings;| SpecialistsReport). If these actions. Mimosa in

release biocontrol left uncontrolled both of | particular has become an
agents for Mimosa these can have intractable problem on
twice a year; devastating effects on | several floodplains in
revegetate cleared biodiversity and Southern Africae.g., Kafue
areas with a seed mix | community access and | Flats, Zambia.

of indigenous use of theMarsh.

floodplain grass seeds
Hyacinth: Physical
removal, biocontrol
agents for hyacinth in
September and

December.
The difficulty and time | Restricting access to one d Shire Valley RAMSAR agreement | The WorldBank funded https://documents1.wor
consuming nature of more area of the Marsh Transformation Shire River Basin Idbank.org/curated/en/
establishing CCAs in thg would improve ecosystem | Project (SVTP), Management Program 584761569595531675/(
Elephant Marsh is a condition, and supported by (Phasdl) Project (P1176137 | df/Malawi-ShireRiver
major constraint. SVTP | consequently its Government hasan approved budged BasinManagement
is supporting the sustainability. Key aspects| Departments. for a management plan for| ProgramProject.pdf
establishment of CCAs i[ that should be mitigated the ElephanMarsh that

Implementation of the Elephant Marsh as if are cultivation in the incorporates CCAs. https://svtp.gov.mw/20

Community plays an important role | floodplain/marsh, over Estimate 23 million USD in| 22/08/22/first-cca

10 Conservation Areas in maintaiping the fishing and poor gear total establishedin-the-

(CCAs)inth&lephant | + I £ £ Sé Qa K &| choice, overharvesting of elephantmarsh/

Marsh. Target = 50% | regime though flood reeds, burning and bush

CCA. control, water storage | meat hunting of small BROWN, C.A., JOUBEHR
and supply of nutrient | mammals, reptiles and A., TURPIE, J. REINEC
rich sediment. birds. It is unlikely that M.K. BIRKHEAD, A.
Chikwawa and Nsanje | Communities will support a FORSYTHE, K., DAVIE
District Councils have | total ban on access, even T. MGOOLA, W.,
endorsed the need to although that would give NYIRENDA, J. and
establish the CCAs for | the best results in terms of ARTHUR, R. 2022. The
the sustainable ecolagical condition. A Elephant Marsh, Malawi
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Mitigation Measure

Key Risks and Impacts

management of the
Elephant Marsh. Two
Committees have been
established, one at
Mbenje and another at
Ntchenyera to support
interventions in the CCA
Elephant Marsh covers
an area of ~61,556 ha.
To date, however,
communities under
Mbenje CCA have
contributed 2,164 ha of
land for conservation,
i.e., ~3.5% of the area.

Expected Outcomes

more pragmatic option is
the CCAs supported by
SVTP.

Parties

Responsible for
Implementation

Relevant Regulatory
Framework

Preliminary costing of
measure (Responsible
Unit)

Reference source if
relevant

¢ Part 3: The application
of an ecesocial model
to assess options for
managing ecological
status. African Journal o
Aquatic Science, 47:3,
405420, DOI:
10.2989/16085914.202
.2044750.

Transboundary Mitigation Measures

11 Harmonization of As of ZAMCOM Strategil -  Transboundary NWRA and ZAMCOM Agreement| -  Malawi GOV ZAMCOM Strategic Plar
basin/catchment Plan: harmonization of ZAMCOM and ZAMCOM administrative budget | 20182040
management - Environmental catchment Strategic Plan 2018 for ORASECOM
measures towards degradation and management practises 2040 membership etc.

(including also dams disaster risk (most | -  Joint operation of - Potential cost of
operationand water relevant for this dams, including synchronized flood
resourcey ZAMCOM CIA. synchronized flood releases (should be in
- The strategic plan releases for Zambezi the implementation/
also lists persistent operation agreement
poverty, competing for each HPP, includin
uses and Mpatamanga)
infrastructure
deficit as key risks

12 Transboundary Uneven conditions for | EFlows agreements are m¢ GoM/NWRA and | ZAMCOM Agreement,| Cost for monitoring by ZAMCOM Strategic Plarn
monitoring of EFlows | EFlows releases to possible counteract risk§ ZAMCOM Water Resources possible levy on projects | 20182040
releases affecting water users and impacts Regulations (2018), (as of ZAMCOM Strategic

and riverine ecology Water Resources Act | Plan). MHPL responsible fq
(2013) potential levy on
MpatamangaCost is
currently unknown, but
should not be high
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1 BACKGROUND ANINTRODUCTION

1.1 Project Overview
1.1.1 Contextof CIA

{2YS 2F GKS (1S@& 0O2yaiNI A yetohomy &e atoarsIo Kriengy, potadeSvater LIA v =
and irrigation infrastructure. To foster sustained economic growth, the IFC and the World Bank are currently
engaged in several existing and potential operations in the Shire River Basin (SRB), namely: Mpatamang
Hydropower Project, Malawi Emergency Power Restoration Project (following cyinlduineed damage to
Kapichira HPP), Shire River Valley Transformation Program (SVTP), and the Malawi Watershed Services
Improvement Project (MWASIP). The World Bank prewosigbported the Shire River Basin Management
Program (SRBMP). The IFC is a minority equity partner, with the Government of Malawi (GoM) and SCATEC /
EDF in the Mpatamanga HPP.

The Shire River (SR) is an important tributary of the Zambezi River, an international waterway shared with
Mozambique, and the only outlet for Lake Malawi. The Shire River Basin (SRB) is a strategic resource for
alfl gAd ¢KS @I ad YlnergyNdgereratedTin thisknditershed dnitlithNaBs@suppdts
significant economic and social activities such as irrigation/agriculture, and water supply for industrial and
human use. The Mpatamanga Hydropower Project will help the country meet peak deandmdll be the

fourth hydropower scheme located in the SRB between upstream and downstream hydropower(jplants
addition tofuture plants planned elsewhere in SRBlantyre draws its water supply from the watershed,
YR G4KS LC/ Aa OdzNNByidfe FRGAAAYI GKS D2OSNYyYSyi
water supply. Furthermore, extraction for irrigation in the SRB is expected to continue iimgreaih a
number of largescale schemes planned and under execution downstream of Mpatamamgjading the

World Bank supported Shire River Valley Transformation Program (SVTP).

Since all these operations are located within the SRB, they are likely to have cumulative environmental and
social (E&S)sks andmpacts and face similar E&S challenges viz; the management of sediment inflow and
erosion, catchment management, disruption of ecosystems services due to altered downstream flows,
impeded riparian habitat connectivity, and allocation of waters betweenmsting generation, irrigation,

water supply and ecosystem objectives. Cumulative impacts could potentially involve economic
dAaLX  OSYSyids> AYLI OGa 2y ydziNAGAZ2Y YR KSIFfGiKsZ NBF
important wetlands (Elephant Marsh, Majete Wildlife Reserve), and reduced tourism income.

Climatechange willinducefurther stresson the Shire River Basin. Floods and droughts are less predictable,
more frequent, and extreme as seen in recent years with Tropical Storm Ana and Cyclone Gombe. These
climaterelated uncertainties, together with the degradation of the Shire River catchrdeatto human
activities (e.g., deforestation, riverbank encroachment), present a very challenging context to further develop
the Shire River Basin in a sustainable manner. If the above risks are not asselssethaged appropriately,
poverty will remain persistent and social vulnerabilities will likely increase.

The World Banksupported SRBMP (202919) developed the SRB planning framework, as well as investing

in land and water management. This included: a Shire River Basin Plan, prepared and adopted by GoM in
June 2017; the Shire River Basin Atlas; State dbltfire Basin Report; spatial analysis products and 16 sector

and thematic studies; revamping of 75 meteorological and 25 hydrological stations in SRB; and the creation
of a National Water Resource Authority (NWRA) following the passing of the Water RessAgtan 2013.

In addition, a National Forest Landscape Restoration Assessment (NFLRA) provides the best science and
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knowledge on landscape restoration at the national scale in Malawi, and proven approaches are set out in
the National Catchment Management Guidelines and Manual.

IFC has published a Good Practice Handbook (IFC; ZtBulative Impact Assessment and Management:
Guidance for the Private Sector in Emerging Markets) which includes a summary (pab&sciihe
requirements of IFC Performance Standard 1 and Guidsiote 1 relating to CIA. IFC believes that when a
private sector project sponsor faces cumulative environmental and social impacts, it should have
mechanisms for identifying the magnitude and significance of its contribution to ttelseandmpacts, and

dK2dzf R Ay Of dzZRS FLIINPLINARIFGS YAGAILIGA2Y YSI &dz2NBa | 2
and social management system (ESMS). For private sector management of cumulative impacts, IFC considers
good practice to be twqpronged:

1 Effective application of and adherence to the mitigation hierarchy in environmental and social
management of the specific contributions by the Project to the expected cumulative impacts; and
91 Best efforts to engage in, enhance, and/or contribute to a rratiikeholder, collaborative approach
to implementing management actions that are beyond the capacity of an individual project
proponent.

Specifically, Performance Standdr® dzA Rl y OS b23iS M o6DbmM0OX Ay LI NI INI LI
multiple projects occur in, or are planned for, the same geographic area...it may also be appropriate for the
client to conduct a CIA as part of the risks and impacts identificatic frét & ¢ t | N} ANJ LK Dbn
that this assessment should be commensurate with the incremental contribution, source, extent, and
severity of the cumulative impacts anticipated, and should determine whether the prisj@éecrementally
responsible for impacts beyond an acceptable predetermined threshold.

As cadeveloper of Mpatamanga HPP, IFC has supported a Rapid CIA (Southern Waters, 2022), which
delivered a qualitative assessment of a range of scenarios, incorporating existing developments and trends,
Mpatamanga Hydropower Project, SVTP, and, to adinixtent, climate change. The VECs (Valued
Environmental and Social Components) addressed were: (social) ecosystem services support for livelihoods;
access to clean, safe and sustainable energy; safety; community infrastructure; (environmental) aquatic
ecosystem integrity; river morphology; water quality; riparian vegetation; fish; #ig&ated mammals; river

related birds; (economic) bulk energy production; and tourism. The RCIA identified several knowledge gaps
related to the VECs, on sediments andriverphology, water quality, fish and fisheries, and climate change.

1.1.2 Objectivesof CIA

The objectives of this assignment are to:

1 Assess the cumulative environmental and social impacts of the Mpatamanga Hydropower
Project and other developments across the Shire Basin.

1 Prepare mitigation measures for these cumulative impacts, to be implemented by Mpatamanga
Hydropower Project, by other developments, and at a basin level.

1 Prepare the CIA for the Mpatamanga Hydropower Project, meeting CIA requirements set out in
the World Bank Environmental and Social Framework (ESF; World Bank 2017), IFC Performance
Standards (IFC 2012), and the guidance set out in the IFC Good Practibedkaon
Cumulative Impact Assessment and Management (IFC 2013).

The CIA is also undertaken in accordance with relevant national and international standards.
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The CIA is conducted for the Shire River Basin downstream of Lake Malawi to the confluence with Zambezi,
with focus areas frolKamuzBarrageo the border with Mozambique. Some drivers and impacts on Valued
Environmental and Social Components (VECs) extend beyond these boundaries, e.g., Lake Matawi long
water level fluctuations. These are alspbe taken into consideration in the assessment, although not as
diligentlymodelled and assessed as the selected driver/causes and stressors within the CIA catchment focus
area (e.g., infrastructure development, deforestation due to charcoal and firewood production, demographic
change and influx/migration).

1.1.3 Phasing of the CIA

It was agreed with the Client at a briefing meeting off 8vember 2022 that the CIA should aim to be high
guality andhigh resolution, and that it would include provisions for a detailed-Bogial ModellindESM)
component using the DRIFT model. The Clfegé¢leavily on input and modelling results from the
parallel/allied studies, in particular, tHeSIA, BAP, sediment, hydrology and Topo/Bathy stufigls this in
mind, the CIA was divided into phases and the duration was extended beyond that lbrigmasaged in the
Terms of Reference (ToRjichthat better use could be made of the results from the parallel studigs.
CIA study is phased as follows:

1 Phase t Inception and Review Phase (March to June 2023).

1 Phase I Scoping Phase (July to November 2023), including baseline surveys.

1 Phase li CIA Analysis Phase (NovemB@23to Septembe2024). Thigonstitutesthe major Phase

for the scenario modelling and CIA analysis.

1.1.4 Overview of the Mpatamanga HPP

The proposed MHPP (the Project; Figuré)lis being developed by MHPL. The project (including the
transmission power lines) will be located in the Neno, Blantyre and Balaka districts, and in the Kunthembwe,
Miauli, Symon and Nsamala Traditional Authost{@oR). A main dam (50 m high) on the Shire River will
create a 1%km?2 reservoir at full supply level, with a total storage volume of 261 millianMater from the

main reservoir will drop ~66 m to a 30W powerhouse located 1 km downstream of the mdam. The

water discharged from thenain powerhouse into the Shire River (installed capacity of 5%6)mwill then

flow into a £km2 regulating reservoir (at full supply level) created by @®figh regulating dam located on

the Shire River 6 km downstream of the main dam. Water from the regulating reservoir will be discharged
into the Shire River throdga 4XMW powerhouse located at the foot of the dam (installed capacity 360
m?s). From the upper part of the main reservoir to the regulating dam, the Project footprint will extend >29
km o river length. No fish passes are planned on either dam (SLR 2023).

The Project will have #otal generation capacity of 350 MW (IFC 2022) and is expected to contribute
significantly towards enhanced energy security in Malawi. TheNd@@main plant is designed to provide
much needed energy during peak demand hours and should improve overall griétystaith its ability to

ramp up or down production to meet actual demand. The targeted average annual energy production is
1,510 GWh (MHPL 2023).

The electricity generated by the Project will be delivered to the grid throughttansmission lines: a 82m
long 400 kV transmission lineom the main powerhouse to the existing Phombeya-stdiion; and an 11
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km long 132 kV transmission line that will connect the regulation dam powerhouse to the existing Tedzani
Kapichira Transmission Line (Ldog.oopOut).

Part of the S137 road that links Blantyre to Mwanza will be flooded by the future MHPP main reservoir. A
new bypassS137 road will be built by the Project. The future Chilelkeanza/M6 S137 road will be ~50 km

long and out of these, 7 km will be newly constructed by the Project to bypass the main dam and the
reservoir, and 26 km road to Blantyre will be upgraded. Amh20ng new road bridge will be built over the
Shire River downstream of the main powerhouse.

ot
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Figurel-1 MHPP: General plan view: Main Dam, Regulating Dam and Transmission Lines (Source:
MHPL, 2023).

The workforce will beaccommodated in one construction camp during the construction periodyfad
construction schedule has been estimated for the Project, starting in 2026, with commissioning of the project
in 2030. Norphysical works such as geotechnical investigation®ageing, and construction of the camps,
laydown areasmndaccess roads are planned to be started in 2025.

I LISNXYIFyYySyd 2LISNIG2NEQ QGAfE1F3S gAtt 0SS odzAafd Of 24
the two dams. A new-&m long service road will be built by the Project from the main powerhouse to the
regulating dam.

The Project is to be developed on a Bildn-Operate Transfer (BOOT) basis by MHPL and the GoM. MHPL
will be responsible for constructing and operating the ProjecBfdears after which it will be transferred
to GoM. An Implementation Agreement, which stipulates the responsibilities of MHPL and GOM, will support
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the BOOT agreement. The BOOT approach is designed to protect the GoM from construction costs and
operating risk, while at the same time allowing it to benefit from a 30% share in the Project through the
Electricity Generation Company (Malawi) Limited (EGEN The remaining 70% of MHPL is or will be owned

by EDF (27.5%), SCATEC (14%) and its joint venture partners British International Investment (6.75%) and
Norfund (6.75%), and the IFC (15%).

Downstream flow rules
There will be a dedicated deliverable for the O&M rules at Basic Design stage from the technical consultant.
Details of thisare not known to the CIA consultant yets per submission of th&Y Draft CIAReport.

However, the discharged flow downstream the regulating dam shall comply at any time with the following
rule
With x = 10%

(1 -X) * Qreg dam (d'1) < Qreg dam(t) < (1 +X} * Qreg dam (d'1)

This means that the discharged flowtla¢ regulatingdam shall be +/10% of the previous day incoming flow

(daily mean incoming flow in the main reservoir). This rule aims at avoiding significant water level and flow
BFNAFGA2Y R26ya0GNBLFY 2F alld dlFYFy3ar a0KSYSE wWiKAd S
pattern of the Shire River.

1.2 Definition of Cumulative Impacts

[ dzydzf F A @S AYLI OGa IINB (Kz2a$S NBadzZ GdAy3a aFNRY (KS
FOGA2YyZ LINRP2SOGX 2Nl OGAGAGE 6KSY T RRSR (G2 20KSNJ
(IFC 2013). Successive and incrementalrenmental and social impacts from multiple developments over

time can result in significant cumulative impacts that would not be identified through even the most
thorough projectspecific environmental and social impact assessment. Henceforth, a Ckyssematic

process of identifying anahalysingpotential environmental and social risks and impacts resulting from past,
current, and anticipated developments (IFC, 2021). This is accomplished through a screening process that
identifies environmental and social attributes that actions, projects, anigities within the scope of the CIA

are likely to affect significantly. These attributes are ternvatlied environmentand social components
(VECS). For definition of VE&=e next Section 1.3.

Assessing cumulative impacts might require more than just adding up all impacts from individual projects or
developments. Although the combined impacts of several projects may be larger than the sum of individual
impacts because interactions may amplifithcollective impacts, one project added to another can also
lead to fewer severe cumulative impacts than the sum of the impacts of both proféatsulative impacts

can occur through differerinteractive pathwayg¢Bain, Irving, and Olsen 1986). Thresibanteractions can

be discerned:

1 Strictly additiveg The sum of the individual impacts from the project(s) and other actions equals
the total impact.

1 Synergistig Total impact is more than the sum of each individual impact of a project.

1 Antagonistic; Total impact is less than the sum of eaetlividual impact of a project.

10248341RAP09 October2024 Pageb



2" Draft CIA Report CIA of the Mpatamanga HPP on the Shire River

6
= Additive
e -~
5 = Synergistic o
= Antagonistic g
- 4-— -’.
g /'/
g & /’/.

2_ —
1_ /. l l
0 .
1 2 I 3 I 4

Number of projects

Figurel-2  CIA Interactive Pathways (Source: WB, 2014).

Cumulative impacts can also be related to passing certain threshold levels. For instance, some habitat loss
may nothave a large impact on wildlife. However, when a certain threshold is passed, an entire population
can be wiped out because the habitat becomes too fragmented (also through loss of connectivity).

Further, in some cases, the impact of multiple sraallle projects may be greater than the impact of a single
large-scale project. For example, when total impacts due to a cascade of small hydropower plants exceed
those that would have occurred with a gie larger dam with the same power generating capacity.

1.3 Definition of Valued Environmental and Social Components (VECS)

VECs are partsomponentsof the environmental and social fabric of Shire River Basin that the proponent,
stakeholders, the community, environmental and social scientists/experts and government representatives
involved in the assessment process consider important. Attributes WE@ can be biological, cultural,
ecological, physical, social or economic; and also include changes in the livelihoods of affected people,
resettlement,plusany other attributes of concern identified as relevant during a ClAorresstudies, VECs

are defined with a narrow focus on elements of the biophysical environment (Szuster and Flaherty 2002;
Bérubé 2007; Noble 2010) but are more broaallounderstood to encompass social and economic aspects
(for example, Shoemaker 1994; Olangunju 2012, Lidbidersen and Lillehammer 2020). In this study, the
broader definition of VECs is used.

VECs considered importaftr assessing risks may then be the following (adapted from IFC, 2021):
1 Physical features, habitats, and wildlife populations (for example, biodiversity)
Ecosystem services
Natural processes (for example, water and nutrient cycles and provisions)
Social conditions (for example, health, livelihoods and economics)
Cultural activities (for example, traditional spiritual ceremonies, historical and sacred places)

=A =4 =4 =4
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These VECs are the focus of the CIA process. The difference between a CIA and an environmental and social
impact assessment (ESIA) is illustrated in Figt8e 1

Figurel-3 Comparison of Cumulative Impact Assessment and Environmental and Social Impact
Assessment (Source: IFC, 2013).

1.4 Summary of Shire Basin Profile

The Shire River is the only outlet of Lake Malawi and is an important tributary of the Zambezi River, an
international waterway shared with Mozambique. The Shire River Basin is a strategic resource for Malawi
aAyO0S GKS @I aid Yl 22 Nddgereratedfin thiskvatersbet dhyit (it ldBoGdppoBsyoth&dH &
significant economic and social activities such as irrigation/agriculture, and water supply for industrial and
human use. The flow regime of the Shire River has been highly regulated since 1&63he&tamuzu
Barrageat Liwonde was constructed.

The Shire River is divided into three distinct zones based on hydrology and geomorphology (see also Figure
1-4):
1. Upper Shire: From Lake Malawi to tkamuzu Barrag@here the river has a very low gradient
and flows through marshy areas, including Lake Malombe.
2. Middle Shire: Where the river drops 360 m ow&10 km through a series of rapids and
waterfalls, including Mpatamanga and Kapichira Falls.
3. Lower Shire: Downstream of Kapichira Falls where the river flows across a wide floodplain and
opens out into the Elephant Marsh and numerous other marshes before joining the Zambezi
River upstream of Caia in Mozambique.
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Figurel-4  Longitudinal profile of Shire River (from ToR of the Sediment Study 2022).

There are currently three operational hydropower stations in the Middle Shire River: Nkula, Tedzani and
Kapichira, generating a combined ~339 MW. The earliest, Nkula Falls A (1L6wd$VEonstructed in
conjunction with Kamuzu Barrage and completed in 1966, andM8unit was added in 1967. The Tedzani

1 and 2 projects were developed in the riii70s and have a combined installed capacity of 40 MW. Nkula

B was constructed between 10&nd 1992 and has an installed capacity of 100 MW. Tedzani 3 (52 MW) was
completed in 1995, followed by Kapichira Phase | (65 MW) in 2000. The installed capacity at Kapichira was
increased to 130 MW in 2012 and Tedzani to 62 MW in 2018. In January 202ehika HPP was badly
damaged by Tropical Storm Ana, resulting in its closure. It was back to full operation after rehabilitation in
May 2023".

The proposed MHPP is located on the Mpatamanga Falls between the Tedzani HPP and Kapichira HPP just
upstream of the Majete Wildlife Reserve and ~40 km west of Blantyre (see also Figire 1

17 hitps://www.egenco.mw/egencaestoreskapichira/
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The hydropower potential at Mpatamanga was first studied in detail in the Power Development Study Phase
1 undertaken by TAMS Hydro in 1985. The project was further considered in the Malawi Power System
Development and Operation Study (Lahmeyer Internatiama Knight Piésold 1998). In 2015 Fichtner GmbH
was appointed by the Ministry of Natural Resources, Energy and Mining to undertake Prefeasibility and
Feasibility studies for the Chimgonda and Mpatamanga hydropower projects. These studies were funded by
the World Bank. The final Feasibility Study Report for the Mpatamanga Project was issued in 2017 (Fichtner
2017). This has been followed by various other technical, environmental and social studies between 2018
2022 mentioned in the ToR (Section 8, pagef&)] including the Mpatamanga Technical and Additional
Studies (Multiconsult 2019) and the Rapid Cumulative Impact AssessBrentnet al. 2022).

An additional HPP developmemtholombidzo HPRas been identified on the Shire River albeit construction
of it is still unknown. The Kholombidgalls are located in théliddle Shire River, upstream of Nkula Falls
andarethe firstwaterfalls downstream of Liwonde. Kholombidzo Hydropower Plant will rely on water from
the Shire River. The site offers, as a-afiriver development, an identified potential electricity generation
capacity ranging from 60 MW to 200 MW. The project will ingplemongst othes, construction of a
dam/intake to provide the needed water storage under a head o650m for the expected range of
electricity generation (COBA 2015).

The Shire River Basin has been the focusewéral basin planning and watershed management initiatives,
relevant to this CIA. These initiatives reflect its size and importance to energy, water and food security, and
GKS olairyQa K2dGalLlRid aidl dza T2 N yI fadiNdd beydid Bhe saMsO S &
River Basin Management Plan (SRBMP Phase 1;18012JS$ 122 million) was conceived as pilot for
implementing a suite of measures aimed at strengthening land and water management indedaatiing

basin to support thé 2 a Q a-terim2mE-sectoral vision for the basin, laying the foundations for further
work in the Shire and other river basins. The SRBMP was followed by the Malawi Watershed Services

LYLINEPSYSyid tNReSOl o6az2! {Lt 0> rdakhio@®Klllyedrd (0R2031), W{ SN

with an estimated budget envelope of US$3501 n YA f f A 2y @ ¢ K $créadeYhe adépticn2 { L t
of sustainable landscape management practices and improve watershed services in targeted watersheds
(Calow 2021). Th&overnment of Malawi (GoMjhrough the Ministry of Agriculture, Irrigation and Water
Development, with support from the World Bank, the African Development Bank and the Global Environment
Facility (GEF), is also implementing the Shire Valley Transformation Programme (SVTP3, avhdsiear

program (2018031) that will be implemented in three partially overlapping phases. The SVTP will irrigate
43,370 hectares of land by abstracting water from the Shire River at Kapichira and conveying it by gravity to
an area in Chikwawa and Nsanje districts through canals.

The Shire River plays a crucial role in terms of supporting livelihoods and providing ecosystem services. In
addition to being of crucial importance to the people of Malawi, the Middle Shire River between Matope and
Kapichira hosts populations 880 species of fish, not including-28 straggler species from the Upper Shire

that are occasionally swept downstream but do not have viable Middle Shire populations (Tve¢ddle

1979). Four of these stragglersabeo mesopsBagrus meridionalis Serranochromisrobustus and
Oreochromis karongagr O. squamipinnjsare listed as Critically Endangered but there is no viable habitat

for any of themin the Middle Shireand hence their occasional presence has no relevance. Upstream from
the start of the rapids section of the river at Matope, the river hosts a depauperate Lake Malawi fauna with
34 species (not including the Lake Malawi endemic cichlid species flock sintiilar species composition to
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those occasionally recorded downstream of Matope) recorded in the river in Liwonde National Park and
downstream toKamuzu Barrag@weddle, 2018). The Middle Shire River also supports a diverse and complex
ecosystem of riverine and riparian organisrasging from benthic algae to African elephants. Downstream

from Kapichira Falls, 66 fish species, mainly of Lower Zambezi origin, have been recorded in the Lower Shire
River and tributaries (Tweddle and Willoughby 1979; Tweddle 2008; 2015).

The Majete Wildlife Reserve, which is situateéikm downstream of the planned MHPP was established in

1955, and experienced severe problems with poaching and other adverse human activities in the 1970s and
Mpy na® | 26SOSNE GKS aAddzr A2y KIFa aAAyOS oSGy NBA:
parks and most popular tourist attractions.

The Lengwe National Park was established in 1970 and is situated south of the Majete Wildlife Reserve and
40 km southwest of the Mpatamanga HPP. It is a mix of thicket vegetation and deciduous woodland and
includes a number of fauna species, including some rare birds, Nyala, Greater Kudu and African Buffalo
(Malawi Tourism 2019a). The park has some areagatinatural habitat (in particular in the old section of

the park) but also degraded natural habitat more in the extension area, with some patches of modified
habitat where encroachment from local communities has occurred. The park is known to supponah
vulture species Whitdacked Vultures and Whitkeaded Vultures (TBC, 2023).

Approximately 50 km downstream of the planned MHPP, the Shire River spreads out into the Elephant Marsh,
a >600 krh Ramsar wetland that supports a wide array of waterbirds, herpetofauna, hippopotami and
hundreds of species of aquatic invertebrates. The marsh plays a crucial role in regulating the hydrological and
sediment regimes of the Lower Shire Valley, as demotestray the impact of a sudden excessive closure of
Kamuzu Barrage 1978 (Tweddle 2015).

The Shire River downstream of Chiromo to its confluence with the Zambezi River is characterised by a wide
floodplain (up to ~9km wide) that incorporates the Ndindi Marsh.

1.5 Limitations to the CIA

Predicting the effect of flow, sediment, connectivity and demographic changes on riirdrerisntlydifficult

because the actual trajectory and magnitude of the change is dependent on so many other variables, such as
climate, politics, human use of the system and regulations. Thus, several assumptions and limitations apply
to this CIA, including thosedtilighted below.

A major assumption is that the modelled reference tiseries of flow and other drivers of ecosystem
condition approximate the actual conditions in the river over the period of record and for the development
levels selected. Should this not be the casentlthe baseline for the scenarios would be different to that
used and so the scenario predictions could also change.

The main limitation is in being able to capture the complexity of the system, which is confounded by the
paucity of data. This is a universal problem, as by their nature human interactions with ecosystems are
complex; complete certainty of the present apadssible future characteristics of the ecosystems is not
realistic. Insteadit is essential to proceed cautiously, and aid decisiaking using best available
information. The alternative is that development and management decisions are made withoideratisn
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of the consequences for the supporting ecosystems, eventually making management of sustainability
impossible. Data paucityas beeraddressed irthe DRIFIShireESM(Vol 2)by accessing as much available
knowledge as possible within the constraints of the ToR using general scientific understanding; international
scientific literature; local wisdom and insights from people who have lived and worked in the Shire Basin for
many years; traditional knowledge; and specific data from the river under consideré&iofrom similar

ones).

Anotherlimitation is that predictions are based on a 3@ar horizon (1992022), which may be insufficient
time to capture the full extent of some changes

Theselimitations anduncertainties mean that attention should be directed toward trends in the sequence
of scenarios, rather than towards absolute values.

1.6 Administrative and Regulatory Framework

This Section is largely derived from the works undertaken by Southern Waters for the Rapid Cumulative
Impact Assessment (Southern Waters, 2022), vgittme additions and updates relevant for the CIA
Institutions and their rolesare discussed in Section 3, Btakeholder Mapping and Analysis.

1.6.1 Relevant Acts
1.6.1.1 The Malawi Constitution (1995)

The Malawi Constitution of 1995 lays the foundation for policy and legal reform in social and environmental
governance. Section 13 of the constitution states Ehanciples of national policyeproduced below:

"The State shall actively promote the welfare and development of the people of Malawi by progressively
adopting and implementing policies and legislation aimed at achieving the following goals:
a. Gender Equality
To obtain gender equality through:
i. full participation of women in all spheres of Malawian society on the basis of equal
opportunities with men;
il. the implementation of the principles of naiiscrimination and such other measures as may
be required; and
iii. the implementation of policies to address social issues such as domestic violence, security of
the person, lack of maternity benefits, economic exploitation and rights to property.
b. Nutrition
To achieve adequate nutrition for all to promote good health andss#dficiency.
c. Health
To provide adequate health care, commensurate with the health needs of Malawian society and
international standard of health care.
d. The Environment
To manage the environment responsibly in order to:
i prevent the degradation;
il. provide healthy living and working environments;
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iii. recognizethe rights of future generations by means of environmental protection and the
sustainable development of natural resources; and
iv. conserve and enhance the biological divegsity

1.6.1.2 Energy Ac{2004) and subsequent Byaws

The legal and regulatory framework for the generation, transmission and distribution of energy in Malawi is
governed by the Energy Regulation Act (2004) anthlwg as well as the Electricity Act (2007), Electricity
Amendment Act (2016), and the IndependePower Producer (IPP) Framework (2017), and the Rural
Electrification Act (2004)Malawi Energy Regulation Authority (MERA) is mandated under the Energy
Regulation Act 2004, together with the Energy Regulation By Laws to regulate the energy sectomaas well
approve energy tariffs etc. Further, the Electricity Act 2004 and the Electricity Amendment Act 2016 provide
a requirement for a licence from MERA for generation, transmission, distribution, importation, exportation,
system and market operation, sindbetyer, and distribution licence.

1.6.1.3 Water Resources Act (2013)

Under the Water Resources Act, the priority for allocation of water to various uses is not defined, although
the implication is that basic human needs should receive the highest priority. Water for protection of the
environment and ecosystems may be resshunder this Act. The Act also aims to strengthen institutions
for water resources management and provides for the establishment of a National Water Resources
Authority. Henceforth, NWRAvas established in 2013 with the mandate to provide for the managgme
conservation, use and control of water resources and for the acquisition and regulation of rights to use water.

1.6.1.4 Irrigation Act (2001)

The Irrigation Aatnakes provision for the sustainable development and management of irrigation, protection
of the environment from irrigatiosrelated degradations, and for the establishment of the National Irrigation
Board. It aims to increase irrigatigrlated investmentso enhance household food security and increase
irrigation water use efficiency.

1.6.1.5 Water Works Act (No 17 of 1995)

The Water Works Act provides for the establishment of wateras managed by Water Boards. Relevant for
the Mpatamanga CIA is the Blantyre Water Board and the Southern Region Water Board with its role and
responsibilities.

1.6.1.6 Environmental Management Act (2017)

The Environmental Management Act (EMAgognizeshe right of every person to a clean and healthy
environment and the responsibility of every person to protect and manage the environment, to conserve
natural resources and to promote sustainable utilization of natural resources. The EMA also provides for
establishment of aMalawi Environmental Protection AgencWlEPA) with broad and substantial powers to
strengthen environmental planning and risk management at national and local levels. Only receetiigdya

the EMA is yet to be fully implemented.
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1.6.1.7 Forestry Act (1997)

The Forestry Act promotes participatory forestry, forest management, research and education, forest
industries, protection and rehabilitation of environmentally fragile areas and internatiorapeaation in
forestry. It also supports the sustainable mgeaent of forests in water catchment areas.

1.6.1.8 Local Government Act (1998)

The goals of the Local Government Act are to promote infrastructural and economic development through
the formulation, approval and execution of district development plans (including agricultural water), and to
mobilise resources within the local government area for governance and development.

1.6.1.9 Fisheries Conservation and Management Act (1997)

This Act provides rules relative to the conservation and management of the fisheries of Malawi such as the
conservation of fish stocks; the assessment of fish stocks and the collection of statistics; the development
and management of fisheries; the moniiog, control and surveillance of fishing operations; and the
regulation and control of fishing operations including aquaculture.

1.6.1.10 Gender Equality Act (2014)

The Gender Equality Act seeks to: promote gender equality, equal integration, influence, empowerment,
dignity and opportunities for men and women in all functions of society; prohibit and provide redress for sex
discrimination, harmful practices and sexualdmsment; and provide for public awareness on the promotion

of gender equality. The Act also urges GoM to take active measures to ensure that employers have developed
and are implementing appropriate policies and procedures aimed at eliminating sexuasimarasn the
workplace.

1.6.1.11 Monuments and Relics Act (1990)

The Monuments and Relics Act (1990) provides statutory protection against all kinds of threats on all cultural
resources as defined in it. One such threat is development that might alter the use of a landscape. The
Mpatamanga Hydropower Project developmdras likelihood of impacting some cultural resources in both
Blantyre and Neno areas.

1.6.1.12 ZAMCOM Agreement

The eight Zambezi Basin riparian states that participate in ZAMCOM are ABgtdsyana, Malawi,
Mozambique, Namibia, Tanzania, Zambia and Zimbabwe. ZAMCOM operations are in line with the revised
SADC Protocol on Shared Watercourses (SADC, 2004). Seven of the riparian states signed the ZAMCOM
Agreement on 13 July 2004 at Kasane ins®ana (except Zambia), and came onto force | 20The
Commission is headquartered in Harare, Zimbabwe. The purpose of ZAMCOM is "to promote the equitable
and reasonable utilization of the water resources of the Zambezi Watercourse as well as thetefficien
management and sustainable development thereof" (ZAMCOM, 2011).
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1.6.2 RelevantVision, Policies and Strategies
1.6.2.1 Malawi 2063 Vision

Malawi 2063 (MW2063) aims to transform Malawi into a wealthy andRelfableindustrialized upper
middle-income country by the year 2063. Its goals are for Malawi to be/have:
1 Aninclusively wealthy and sd®eliableindustrialized upper middkncome country
1 A vibrant knowledgdased economy with a strong and competitive manufacturing industry that is
driven by a productive and commercially vibrant agriculture and mining sector
1 World-class urban centres and tourism hubs across the country with requisite socioeconomic
amenities for a higlguality life
1 A united, peaceful, patriotic and proud people that believe in their own abilities and are active
participants in building their nation
Effective governance systems and institutions with strict adherence to the rule of law
A highperforming and professional public service
A dynamic and vibrant private sector
Globally competitive economic infrastructure
A globally competitive and highly motivated human resource
An environmentally sustainable economy.

=A =4 =4 =4 4 =4

1.6.2.2 National Environmental Policy (2004)

Creates an enabling policy and legal framework for esassor coordinationparticipation of nonstate
sectors, strengthening the enforcement machinery and decentralising natural resources and environmental
management and governance.

Aims to promote a secured environment that supports health and wellbeing; sustainable utilization and
management of the country's natural resources; seifficiency in food, fuel wood and other energy
requirements; cooperation with other Governments amdievant regional and international orgaations in

the management and conservation of teavironment.

1.6.2.3 National Biodiversity Strategy and Action Plan Il (2015)

The National Biodiversity Strategy and Action Plan (ZIZb) was prepared in response to the Malawi
Growth and Development Strategy I (MGDS Il 2@0116) whichprioritises biodiversity management
programs among other socioeconomic and environmental issues. In addition, this Strategy and Action Plan
RSY2YyA0GNrGSa alftlrgAiQa O2YYAUYSyYyd (2 GKS AYLX SYSy.
Parties (COP10) of the Contien on Biological Diversity (CBD), which requested parties to revise their
strategies in line with the Global Strategic Plan for Biodiversity 20PD. This Strategy and Action Plan was
preceded by the National Biodiversity Strategy and Action Plan of 2006.

1.6.2.4 National Water Policy (2005)

Recognises the dependence of the economy on water resources and aims to ensure sustainable management
and utilization of water resources, to provide basic water and sanitation services to all Malawians, and to
SYKFyO0S GKS O2dzyiNBEQa vyl ldzNIt SO2aeaidSvyao
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1.6.2.5 National Sanitation Policy (2006)

Aims to empower the people of Malawi to achieve universal access to improved sanitation by 2020. Identifies
untreated sewage discharge into rivers as a key issue.

1.6.2.6 National Irrigation Policy (2000)

Outlines irrigation development objectives, specifically: to contribute to poverty alleviation by targeting
resourcepoor smallholders for irrigation development and crop diversification.

1.6.2.7 National Agriculture Policy (2016)

t NPY2GSa (GKS O2YYSNODAFEtATIFGA2Yy 2F | ANRKOdzZ (G dzNB {2
exchange, and rural incomes. Priority measures include sustainable irrigation development, mechanization
of agriculture, market development, agpyocessingand value addition.

1.6.2.8 National Forest Policy (2016)

Aims to conserve, establish, protect and manage trees and forests for sustainable development. The goal of
the National Forest Policy is to improve provision of forest goods and services to contribute towards
sustainable development of Malawi through prot®n and conservation of forest resources. The policy
aspires to control deforestation and forest degradation. The policy takes a holistic approach to sustainable
forest management. It adequately addresses issues of forests and water; climate changsedoaty; HIV

and AIDS; gender and equity; wealth creation; biodiversity and Payments for Ecosystem Services (PES);
Reduced Emissions from Deforestation and Forest Degradation (REDD+) and Clean Development
Mechanisms (CDM).

1.6.2.9 National Forest Landscape Restoration Strategy (2018)

The National Forest Landscape Restoration Strategy established the foundation point for the process of
regaining ecological functionality and enhancing human-ineithg across deforested or degraded forest
landscapes. The Strategy outlines priority oppaities and interventions that can translate the potential of
restoration into multiple benefits such as improved food security, increased biodiversity, improved water
supply, job creation, income, carbon sequestration and enhanced resilience to climatgecha

1.6.2.10 National Energy Policy (2018)

Framework for increased access to affordable, reliable, sustainable, efficient and modern energy for all
sectors and every person in the country. It emphasizes praattor participation as well as the development
of sustainable, clean and accessible energy.

1.6.2.11 Malawi Renewable Energy Strategy (2017)

The Malawi Renewable Energy Strategy (MRES) follows the directions set out in the National Energy Policy
O6b9t 0 FYR adaA3Sad adiNIGSIAO LINA2NRGASA G2 NBIFOK
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ddzadlrAylrofS o0A2SYySNH& aSOG2NEd® C2NJ D2ax (GKS aw9/{
promote renewables and improve the regulatory, fiscal and legal framework for the sector.

1.6.2.12 National Biomass Energy Strategy (2008)

.A2Ylaa O2yGNRodziSR G2 ooz 2F alflrgArQa G20Ft SyS|
2015. Biomass fuels have been linked to environmental degradation and at times those involved in their
production have become criminalized, especiallyh@ tase of charcoal production. Although earlier policy

aimed to shift Malawi away from biomass and towards electricity, the current energy policy adopts a more
balanced approach and recognises the importance of biomass to the economy and people, antepromo
sustainablecharcoal and woodfuel production with other cleaner energy sources like Liquified Petroleum

Gas (LPGbjogass etc. alongside electricity

1.6.2.13 National Charcoal Strategy (2017)

Promotes adoption of alternative cooking and heating fUeRBG, biofuels et¢.and the adoption of fuel
efficient charcoal and firewood cook stoves. Aims to increase sustainable wood production, through
promoting formalised charcoal production, encouraging producers to grow and manage their own forests
and limiting illegal produabin.

1.6.2.14 National Disaster Risk Management Policy (2015)

The vision of this Policy is 'a nation resilient to disasters. Thetéwnggoal for disaster risk management in
Malawi isto sustainably reduce disaster losses in lives and in the social, economic and environmental assets
of individuals, communities antthe nation. The policy is aimed at ensuring that disaster risk management
(DRM) is mainstreamed in development planning and the policies of all sectors in order to reduce the impact
of disasters and ensure sustainable development in the country.

1.6.2.15 National Climate Change Management Policy (2016)

The National Climate Change Management Policy (NCCMP) seeks tprogidenming of interventions for
reduction of greenhouse gas emissions in #imosphere, as well as adapting to the adverse effects of
climate change and climatariability. The NCCMP has been developed to assist the country achieve its long
term goal for climate change management which is to reduce the socioeconomic impacts of adverse effects
of climatic change. The mediutarm outcome is improved community resilience tovdite change through

the development of sustainable livelihoods and reduced emissions of GHGs. The Policy guides
implementation of critical climate change issues and strategies, including capacity building; education,
training and public awareness; the Qte®evelopment Mechanism (CDM); Reducing Emissions from
Deforestation and Forest Degradation (REDD+); adaptation and mitigation in Agriculture, Energy, Industrial
processes, Waste management, Forestry, Water resources, and Wildlife sectors. In partieuPalj¢y will

build on the National Environmental Policy (NEP) that deals with issues of air quality, reduction of greenhouse
gas emissions and supplement several guiding principles.
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1.6.2.16 National Employment and Labor Policy (2017)

The National Employment BaborPolicy of 2017 offers a framework for a holistic and focused approach in
addressing the challenge of unemployment, underemployment and low productivity as part of the national
strategy to fight widespread poverty among the population. The policy seefgsotoote productive and
decent employment in the economy and increase compliance hatibr standards by employers, investors
and workers. It also aims at unleashing the potential for Malawi to move into a development patis tha
more inclusive, prgpoor and job rich thereby strengthening the link between economic growth and job
creation on one hand and poverty reduction on the other hand.

1.6.2.17 National Gender Policy (2015)

The National Gender Policy of 2015 seeks to support the implementation &fahder Equality Act of 2014

by strengthening gender mainstreaming and women empowerment at all levels. The policy specifically deals
with challenges and problems confronted by women such as: persistent unequal power relations between
men and women, boys ahgirls due to strong patriarchal attitudes; increasing cases of gender based
violence; high HIV and AIDS infection rates especially among women and girls; limited male involvement in
reproductive health, HIV and AIDS programmes, continued high droptast f@ar girls from schools; high
poverty levels particularly amongst women; limited participation and representation of women in decision
making processes at all levels; and huge disparities in access and control over resources by the majority of
women

1.6.2.18 Malawi Growth and Development Strategy (2017)

The third and current Malawi Growth and Development Strategy (MGDS 1) was planned for implementation
from 2017 to 2022. It is the fourth mediuterm national development strategy (after the Poverty Reduction

Strategy Paper and the Malawi Growth and DavelY Sy & { N> 6 S3& L FyR +eim0 | f A
national development aspirations, which are articulated in Vision 2020.

1.6.2.19 National Land Policy (2002)

The goal of the National Land Policy in Malawi is to ensure tenure security and equitable access to land, to
facilitate the attainment of social harmony and broad based social and economic development through
optimum and ecologically balanced use of lamd lEand-basedresources.

1.6.2.20 Livestock Policy (2006)

Aims to contribute towards improved household, national food security and poverty reduction through
sustainable private sector and farmer demamhaven livestock services.

1.6.2.21 National Livestock Development Plan and Strategy (2003)

Aims to promote livestock productivity, improve livestdzksed incomes and sustainable use of natural
resources in partnership with other stakeholders while protecting the public against zoonotic diseases.
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1.6.2.22 National Fisheries and Aquaculture Poli0(6)

Replaces the 2001 policy and shifts the focus from natural resource conservation and management to
promoting production of fish for food security and income generation through capture fisheries, aquaculture
and improved fish quality and value addition &port.

1.6.2.23 National Transport Policy (2019)

Builds on the National Transport Master Plan 2@2D37. Aims to ensure the development of a coordinated
and efficient transport system, including on rivers and lakes.

1.6.2.24 Mines and Minerals Policy (2013)

Aims to enhance theontribution of mineral resources to the economy of the country so as to move from an
agro-based to a minerdbased economy.

1.6.2.25 National Export Strategy (2013)

t NEPGARSE | NRFR YILI F2NJ SELIYRAY3I alfl gAQa LINERdJ
upward pressure from imports.

1.6.2.26 National Industry Policy (2014)

Complementary to the National Export Strategy and aims to promote the industrialization of the economy.

1.6.2.27 National Cultural Policy (2014)

The goal of this policy is to havyareserve and protect the vibrant Malawian culture for national identity,
unity in diversity and sustainable socioeconomic development. Its mission is to; to uphold and promote the
Malawian cultural identity and unity in diversity through youth empowermeatreational activities, study,
conservation and preservation of tangible and intangible national cultural heritage for education, recreation,
posterity and poverty reduction.

1.6.2.28 Strategic Plan for the Zambezi Watercourse 2eA@40

The ZAMCOM Agreement provides the legal mandate for the preparation and implementation, in close
collaboration with the Member States, of the Strategic Plan for the Zambezi Watercourse. Article 14.9 states
thatGaSYOSNI {GFGSa aKIFff afRdgveldpdént plamsSpkopdtsYahdyprograinh&sy
relating to the resources of the Zambezi Watercourde @02 NR I y OS 4 A (i K Thie ltiatedicti NI S
Plan for the Zambezi Watercourse is the primary plan in terms of the ZAMCOM Agreement, under lwhich al
activities of ZAMCOM and the ZAMCOM Secretariat (ZAMSEC) fall and indugtorates all other
programmes and activitiesf the CommissionThe strategic plan focuses on the shared future of all the
people of the Zambezi Watercourse, and for the preservation of the wealth of the natural resources of the
Watercourse, to ensure that development is undertaken in a planned and mutually agrésgohfaSor this

to be achieved, this strategic flexible plan was required which equitably reflects the needs @ati@spof

all the Member States and to which all parties consent.
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1.6.3 Relevant PlansProgrammesand Initiatives

The Shire River Basin Managementj@&b(SRBMP), the Malawi Watershed Services Improvement Project
(MWASIP) and the Shire Valley Transformation Progra(@v&Phave been discussed in Sections 1.1.1 and
1.1.4 already. The following additional plans, programs and initiatives are also relevant for the CIA.

1.6.3.1 Strategic Action Plan for the Shire RivAguifer System (2019)

The Strategic Action Plan (SAP) for the Shire River-Bgsifer System is a negotiated policy document for
transboundary water management between the Republic of Malawi and the Republic of Mozambique,
prepared in 2019. The aim of the SAP is to initizie guide joint development and management of the Shire
River Basin and the associated critical shared groundwater aquifers according to-agogegriorities and
actions.

1.6.3.2 National Climate Change Investment Plan (2062318)

Identifies four priority areas to promote climate change management: adaptation; mitigation; climate change
research; technology development and transfer, and capacity building. It details a regulatory framework,
financing opportunities and eleven prograresito enable its implementation.

1.6.3.3 National Adaption Programmsfor Adaption (2006)

The National Adaptation Programmes of Action (NAPA 2006) evaluated the possible impacts of adverse
climatic conditions in eight important sectors of Malawi's economy (namely agriculture, water, health,
energy, fisheries, wildlife, forestry and gender). Tien presented 15 priority needs for adaptation across
these sectors such as sustaining livelihoods of vulnerable communities, improving crop productivity,
developing communitypased seed and food storage, improving electricity access, and developing
technologies to mitigate climate change such as small dams, drought management strategies and flood
zoning works. These 15 general actions were sunsainto five actionable projects.

1.6.3.4 Malawi Rural Electrification Programme

The Malawi RurdElectrification Programme (MAREP) was launched in 1980 and presently operates under
the Rural Electrification Act of 2004, which also established the Rural Electrification Fund. The goals of the
programme are to increase rural electrification through vas@ftgrid and ongrid options such as micro,

mini and small hydropower stations and solar photovoltaic (PV) installations.

1.6.3.5 Malawi National Tourism Investment Masterplan (2022)

The Master Plan aims to assist the Ministry, as well as other institutions, to target national and foreign
investors for the development of the tourism sector in support of the national development vision as set out
in Malawi 2063 (MW 2063). The tourisnsioin of developing inclusive tourism to make Malawi a preferred
tourist destination with welconserved wildlife resources and unique cultural heritage provides a framework
consistent with the aspirations for the sector. The Master Plan seeks to builgpscdle the implementation

of tourism programmes through a focused and prisetl approach that is designed to deliver a more
competitive, sustainable and inclusive tourism sector.
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1.6.3.6 National Greenbelt Initiative (2009)

This initiative seeks to increase production and productivity of agricultural crops, livestock and fish farming,
including along the Lower ShiRiver,and the development of irrigation schemes.

1.6.4 International Commitments

Management of the Shire System lies within the jurisdiction of the Member States of Malawi and
Mozambique, but the shared watercourse also falls under several other international agreements and action
plans that affect the governing principles, shared pgails and planned measures in the Shire Basin. These
include those at the international level, the Southern African Development Community (SADC) level, and the
Zambezi Watercourse Commission (ZAMCOM) level. Examplewarecessarily all ratified by Mali, as

follows:

Convention on Biological Diversity

Stockholm Convention on Persistent Organic Pollutants

United Nations Frameworkonvention of Climate Change

Montreal Protocol on Ozone Depleting Substances

Rotterdam Convention on the Prior Informed Consent Procedure for Certain Hazardous Chemicals
and Pesticides in International Trade

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their
Disposal

RAMSAR Convention on Wetlands of International Importance

Convention on International Trade in Endangered Species (CITES) of Wild Fauna and Flora
Convention on the World Heritage Sites

The United Nations Convention to Combat Desertification and Drought

International Treaty on Plant Genetic Resources for Food and Agriculture

Convention on International Plant Protection

=A =4 =4 =4 4

=

UN Convention on the Law of the Sea

Protocol on Shared Watercourse

Systems and Revised Protocol on Shared Watercourses

Protocol on Wildlife Conservation and Law Enforcement

SADC Policy and Strategy for Environment and Sustainable Development.

The Convention on the Elimination of All Forms of Discrimination Against Women (1987)

w ¢KS . SA2Ay3 5SOfFNYdA2Y FYyR tfFGF2NY F2N ! O
w ¢KS tNR(G202f (2 GKS ! TNAOIY / KIFENILISNI 2y tS2L3X
(2005) (Maputo Protocol)
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1.7 This Report
1.7.1 Purpose

The purpose of thig&" Draft CIA Report is closely related to its objectives, i.e. to:
9 Assess the cumulative impacts for past, present and future scenarios on asslettValued
Ecosystem and Social Components based on developments in the Shire Basin
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1 Prepare catchment scale mitigation measures to reduce overall basin impacts due to
developments.
1 Prepare the CIA for the Mpatamanga Hydropower Project, meeting CIA requirements set out in

the World Bank Environmental and Social Framework (ESF; World Bank 2017), IFC Performance

Standards (IFC 2012), and the guidance set out in the IFC Good Practibedkaon Cumulative
Impact Assessment and Management (IFC 2013).

1.7.2 Structure

ThisCIAReport is structured as follows:

Chapter 1 Background and IntroductionDescribes the study context objectives and phasing as
well as gives an overview of Shire River Basin anMtieP

Chapter 2 ClA Process, Overall Approach, Methodology and Boundari@&escribes the CIA
process, overall approach, modelling and assessment tools, spatial and temporal
boundaries, and definition of scenarios.

Chapter 3 Stakeholder EngagemenDescribes the stakeholder mapping and analysis as well as
the stakeholder engagement process and stakeholders consulted.

Chapter4 Prioritisation and Selectionof Valued Environmental and Social Components
Stressors and Boundariesldentifies, reviews, and prioritises the VECs through
consultation with stakeholders and own research, defines the drivers of change
(causes), stressors and primary impacts, and secondary imp#utsugh causeand
effect chains (Impact Pathway Network Analysis) affecting the VECs.

Chapter 5 Definition and Selectionof Scenarios and Pathway®escribes the scenarios and
pathways andvhat they constitute in detail.

Chapter6 Set up of Models for Scenario Assessmeblescribes the saip of models for the
scenario assessment including that of climate change, hydrology and water resources,
sediments, DRIFT ESM and hydropower modelling.

Chapter7 Overall Assessment Results of the Mpatamanga CIA Impact Pathway Network
Analysis Describes the physical, environmental, and social/socioeconomic, as well as
VECsampacts for all scenarios

Chapter8 Cumulative Impact Assessment of VECs (all Scenati@3cribes the impact of each
VEQ@roup with its indicators more in detail

Chapter9 ClATransboundarympact Assessmenutlines possible transboundary impacts

Chapter D Cumulative Impact Management Measures and PlarBescribes the proposed
mitigation measures in detalil.

Annexes

10248341RAP09 October2024 Page22



2" Draft CIA Report CIA of the Mpatamanga HPP on the Shire River

2 CIA PROCESSND PHASING OF THE STUDYERALL APPROAGHND
BOUNDARIES

2.1 CIA Procesand Phasing of the Study

The process used for the CIA is that recommended by the IFC Good Practise Handbook for Cumulative Impact
Assessments (IFC 2013), with the tasks aligned accordingly.

The tasks are arranged in the three Phases outlined in Section 1.1.3, as follows, with its subsequent alignment
to the steps in the IFC Good Practice Handbook:
1 Phase I: Inception and Review
1 Phase Il: Scoping, which encompasses Steps 1, 2 and 3 of the CIA process and the required
stakeholder engagements, data collection, baseline surveys and analyses
1 Phase llI: CIA Analysis and Monitoring Design, which encompasses Step 4, 5 and 6 of the CIA process.

The tasks in this assignment are also aligned according to the main steps of the CIA process (IFC 2013).

Determine spatial and temporal boundaries

>

Identify VECs in ffected P “E

communit S natural ar - ;

Determine present‘mnditiom of VECs 2 %

- 8@

o =l

= 3o

: Assess cumulative impacts and evaluate their significance over VECs' predicted future conditions ;’ .

& 2

w - =

&

. Design and implement: (3) adequate strategies, plans, and procedures to manage cumulative impacts, -
E (b) appropriate monitoring indicators, and (c) effective supervision mechanisms

Figure2-1  The six steps of a Cumulative Impact Assessment (IFC 2013).
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2.2 Overall Approach

The cumulative impacts of activities and developments in the masiassessed by means of scenarios, using
two main approaches:

{1 Impact Pathway Network Analysis method (World Bank/ASTAE2014)
9 DRIFT Eesocial assessment.

Reservoir operation, outflows and water levels in the main dam andapelating damhave beenmodelled
using MikePlusfor each of the CIA scenarios. As part of this, power produttzabeercomputed outside
using a Python script. For lawead hydropower plants with rivdike reservoirs, such as those in the Shire
River, a hydraulic model gisenore realistic results than, for example, water balance models. Water
availability for power productiorwas prioritised as a VEC (see Sectibnd), henceforth hydropower
modellingwasused as part of the ClifnpactPathwayNetwork Analysis (see Sections 2.3).

2.3 Impact Pathway Network Analysis Method

Within the CIA Framework, the Impact Network Pathway Analysis developed for the Red River Vietham
(World Bank/ASTAE 201asused in this Mpatamanga CIA to assess cumulative impacts of activities and
developments on VECs. The cumulative impact analysis uses a systematic procedure for identifying and
evaluating the significance of effects from multiple activities that stem ftoenMHPP itself, as well as other

past, present and future developments. The analysis is based on a network methodology that identifies
causes, impact pathwayand consequences, i.e. cause and effect chains from originating drivers/stressors
to ultimate receptors of impact (VECSs) (in accordance with Baah, 1986 and World Bank/ASTAE, 2014)

An example of a network for hydropower cascades is depicted in Figdrérdn the study on small
hydropower cascades on tributaries of Red River Vietham (World Bank/ASTAE, 2014). The main components
of an impact pathway network analysis are explainecbilews:

1 Causeg; Stressors or drivers that impact on the environment at large. Tlhesdikely to bethe
hydropower cascade development on Shire River; water abstraction for irrigation and water supply;
related power transmission lines and roads; forest extraction/degradation; wetland encroachment;
and climate changestc.

1 Primary Impacts; Direct impact of the development, often physical in nature.

1 Secondary impactg Effects of the primary impact. Secondary impacts in turn impose effects on the
receptor/VECs.

! Receptors¢ KSaS I NB (KS +9/ Qaod

The method was improved into a numerical and segomantitative (spreadsheet) model for the World Bank
funded SESIA (incl. CIA) for the Lake Victoria Transport Programme-@Aneldigen and Lillehammer 2020)

18 ASTAE (Asia Sustainable and Alternative Energy Program). 2014. Cumulative Impacts and Joint Operati@ctaleSmall
Hydropower Cascades. South Asia Energy Studies. Washington, DC: World Bank.
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and is now an ihouse Multiconsult model/tool. The tool was also used in the IFC funded Sekong CIA,
between 20182019 (IFC, 202%)

Cause Primary Impact Secondary Impact Receptor/VEC

Riverine activities
(resource
extraction)

Pollution

\
/

Industriallagric Flow regime Water quality Valued Fauna
development ' change change
——
/ — Habitat Valued Flora
Irrigation / » River diversion — | fragmentation
extraction / .
//—, (L;g;rﬁ:cftivity Flow regulation
5| Land take i
Small Hydro \R’
Project \ Loss of land
Soil protection
Land use i
[ »| change Loss of
oA s
B++ / E : River bed/column
— conomic Peak and

investment decreased flows PAP's
Forest

extraction

Erosion and
sedimentation Govemment and

private revenues
Change in X

customs and
traditions

Improved
infrastructure

Improved job
opportunities

Figure2-2  Example of a causeffect network for hydropower cascades (Source: World Bank/ASTAE
2014, Marchanckt al. 2014).

For the tailored Impact Pathway Network Analysis for the CIA of the Mpatamanga HPP on tHei&hire
see SectiorT.

2.4 The DRIFT E&ocial Model

In DRIFBhireESM (Volume 2nd 3to this report), the ecesocial aspects of the aquatic ecosystems are
represented by nine disciplines:
1 Geomorphology
Riparian and instream vegetation
Macroinvertebrates
Benthic algae
Fish

=A =4 =4 =

19|FC. 2021. Cumulative Impact Assessment and Management of Renewable Energy Development in the Sekong River Basin, Lao
t S2LJ SQ& 5SY20NF GAO wSLlzmt AOd Ly S Ndddrtakandyilticonstilk afid Del@as for 2 N1LJ2 NI
IFC.
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Herpetofauna
Waterbirds
Riverrelated mammals
Sociause

= =4 =4 =

The main input data to DRIShireESM are 3§ear daily timeseries of hydrological, hydrodynamic and
hydraulic and sediment, and simulations of how these are expected to change with infrastructure and its
operation, abstractions, social use and climatarde. Other input data include:

Landuse

Human population

Hunting, cropping and harvesting levels
Fishing regulations for gear and -s#asons
Ambient temperature

Protected areas

Effluent quality.

=A =4 =4 =4 4 -4 4

DRIFIShireESM has been set up for 18 sites/zones in the Shire River, Basisites on the Shire River and
six sites on tributaries, two floodplain lakes and five zones in the Elephant Marsh.

DRIFTShire Ecesocial sites in the study area

ES site River name
1
2
3 Shire
4
5
2a Lisungwe
4a .
Nkulamadzi
4b
5a Lukhubula
5b Mwanza
7 Ruo
5cl Northern Lake
5¢c2 Southern Lake
6a Elephant Marsh: Northern
6b Elephant Marsh: Western
6C Elephant MarshEastern
6d Elephant Marsh: Central
6e Elephant Marsh: Southern

For further details of the DRIFT ESM methodology, modelling and assessment, reference is made to Volume
2 and 3of the CIA.
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2.5 Modelling Suite and Digital Platform
2.5.1 Modelling Suite

The overall modelling suite/chain for impact assessment of the scenarios for this study is illustrated in Figure
2-4 overleaf. As part of the climate assessment theseelimeen prepared for both thdistorical,current,
baseline, near future and distant future scenarios climate data from the ensemble of Global Climate Model
(GCM) projections belonging to the IPCC 6th assessment report. The historical meteorologitalelaten
sourced from the Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), which is a 30+
year quasiglobal rainfall dataset. For the climate simulatipne alignredas much as possible with the climate
change resilience assessment of &adldithe high-resolutionclimate daaiset from FocusAfrica (planned to be
used by Edf) or ISIMIP3 (a globally established dataBe)CHIRPS and climate model datasetsene-

gridded to the higher resolution grid of the hydrological wflow_sbm model using linear interpolation. The
temperature and variables needed to calculate the potential evapotranspiratene extracted from ERAS.

Both the temperature and the pressureere corrected for using an elevation lapse rafithe wflow_sbm
hydrological model is a fully distributed and opsourcehydrological model (Wflow) with which the water
availability for any location within the basgan be calculatedvhilst making optimal use of the available
global and local data. The wflow_sbuatilises the baseline hydrological tireeries (1992022). The
hydrological simulatiomesultswere then subsequently feed into/be used in the sediment model (Delft 3D),
the hydropower model (MIKE 11), the hydrodynamic/ecohydraulics models (HABFLO aneERI)ARe

DRIFT EeBocial Modeland the Impact Pathway Network Analysis tddlith regard to sediment modelling

we utilised both results from the sediment study (HR Wallingford), that uses the Revised Universal Soil Loss
Equation (RUSLE&Nd their 1Dmodel for larger scale impacts, and Delft3D vizrttany of theDRIFT ES sites.

The Delft3Dwvasrun in quasi3D, so actually 2D depth average with paransation of 3D processes bends

and at sand bars'he Delft3D modellingrasthen closely conneedto the DRIFT EeBocial Model, butlao

partly to the two hydrodynamic/ecohydraulics models. The ecohydraulics computational model HABLFO
(Habitat Flow simulation model; Birkhead, 20W3sused to develop hydraulic text tables for the DRIFT ES
crosssection locations, exempt at Elephant Marsh where the RIEM2model vasapplied instead. Outputs

from both of these modelsvere then utilised in the DRIFT E@&pcial Model. The hydropower operation
model (MIKEPlug modeled the effect of different operation of the dams and reservoirs in the Shire River,
including theKamuzu Barrageét thenfed into the Impact Pathway Network Analysis, but also the DRIFT ESM
viz routing of the flow. The Impactafhway Network Analysis Tool and the DRIFT-Fxnal Modelre
described earlier in Section4.
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Figure2-3 lllustration of the modelling suite of the Mpatamanga CIA, with the DRIFT-Eooial Model
and the Impact Pathway Network Tool as the main receptor models/tools for the scenarios
cumulative impact assessment.

2.5.2 Digital Platform

A webmap is a geographic information systems (GIS) tool thas hoshteractive online map. It provides a
dynamic platform for visuaing andanalysingspatial data. In the Mpatamanga CIA, we developed a webmap
using ArcGIS, a leading GIS software, to facilitate the sharing of critical spatial data among the project team.
The Mpatamanga CIA webmap serves as a cesddhaliepository for various layers of spatial information
pivotal to development projects in the Shire. Basin. This webisapcessibl€by invitation)at:
https://cloudgis.multiconsult.no/portal/apps/instant/interactivelegend/index.html?appid=6211c7236d904
41882ae931d96dafc44

The layers in this webmap encompass a range of important aspects of these development projects. This
includes detailed infrastructure components, which provide insights into the physical framework of the
projects, such as roads, buildings, and utilitieddifionally, it captures landake zones, highlighting areas
designated for development and their respective boundaries. Environmental resources are also a key
component of this map, offering valuable data on natural features and ecosystems that mighphetéd

by the development activities. Moreover, the webmap integrates population and socioeconomic data, giving
a comprehensive view of the demographic distribution and economic conditions within the Shire basin. This
integration of diverse data layers honly aids in effective project planning and management but also ensures
that all team members have access to consistent andlougate information, fostering informed decision
making and efficient collaboration.
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Figure2-4  Screenshot of Mpatamanga CIA webmap.
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Figure2-5  Framework of the Mpatamanga CIA webmap platform part 1.
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Figure2-6  Framework of the Mpatamanga CIA webmap platform part 2.
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3 STAKEHOLDER ENGAGEMENT
3.1 Stakeholder Mapping and Analysis

The identification and mapping of stakeholders undertaken for the CIA followed the approach taken to
{GF1SK2ft RSNJ 9y 3F3SYSyid al LIWAy3d RSOSt21LISR o6& ¢./ A

YySe aidlr{1SK2ft RSNE FT2NJ 0KS LINR2SOGQa / dzvdzZ | G§ADBS L YL
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the national and district level, rather than the community level.

1 wWSOASS 2F ¢KS . A2RAQOSNRERAGE /2yadzZ GFryoeQa {9t ¥
which drew on relevant existing Project documentation, i.e., SEP (Mott McDonald 2020), Updated
Stakeholder List (MHPL 2023), MHPL Stakeholder Meeting Attead_ists (MHPL 2022).

1 Interviews with stakeholders performed by.@nd Multiconsult during the following visits in 2023:
Inception Visit (March), Sedimentation visit (April), Terrestrial ecology visit (May) and the full Scoping
and Baseline Survey missi@iuly). Some additional stakeholders were identified during the early
autumn 2023 as a result of the July missioaespecially relation to deforestation and transition to
clean cooking technologieSome of these were consulted in September 2024.

1 G alt[Qa YR adzf GAO2yadsg 608 LINBOA2dza SELISNA Sy

Sakeholders identified broadly fell into four stakeholdgpes.

1 Decision making poweBtakeholders who have influence or power over the Project in some way.
This group broadly relates to national level and district level government ministries, departments,
and agencies.

1 Interest in CIA issueStakeholders based in Malawi who have either a broad interest in, or engage
in, issues relating to the Shire or tributaries, includivetershedmanagement and environmental
issues. Broadly, this grouping includedionaladvocacy organisations and donors.

9 Natural resources usé&lational or district level stakeholders who use the natural resources that will
be impacted by the Project for livelihoods or income. This stakeholder group includes local
community members and PAPs, and private sector organisations (as well as Afrksnabéch is
an NGO) close to the Project site who rely on water, local biodiversity, or other natural resources for
income through fishing, tourism, charcoal burning, agriculture, hungixy These stakeholders are
likely to be diectly impacted by the Project, with a high level of interest, but frequently with low
levels of power or influence over Project outcomes.

1 Specialist knowledgeStakeholders who hold specialist knowledge which may be of use in the
development of the CIA. These stakeholders tend to not be directly impacted by the knowledge, with
varying levels of interest in the project, and low control or influence over projgiciomes, beyond
the influence they may have on aspects of the CIA if consulted on specific issues.

For each identified stakeholder, the following parameters were assessed and categorised as either High or
Low:

T { 41 1 S KigtéreRtSnNREDctrelated issues This is the extent to which a stakeholder may have
concerns about the way the Project impacts the Shire River, its tributaries, or watersheds. For an
organisation or institution, it may relate to jurisdictional relevance, or stake in the outcomes of the
cumulative impact assessment.
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T {41 1 S Kpofvar SviiXP#ojectrelated issues This is the extent to which a stakeholder may
influence the outcomes of the CIA, including for political, economic and/or legal reasons.

Both parameter values were then combined to obtain the fstatkeholder priority categoriesas shown in
Figure3-1.
High Power

Keep
satisfied

Low Interest High Interest

Keep

Monitor Informed

Low Power

Figure3-1  Stakeholder categories based on interest and power towards the CIA.

The parameter values (High / Low) and the related stakeholder priority categorisation were preliminary
estimates based on an understanding of the Project, and the way stakeholders are believed to be linked to
risk and opportunities at the time of preparati of the present document. It is worth noting that the mapping

of stakeholder parameter values and the specific categtiin of stakeholdes may change over time
depending on Project management of issues relating to the Shire and its catchment, as melexternal
FIOU2NR 6SdaId a20ALf3X SO2y2YAO0T LREAGAOIE T Y2y 3a
the project. Stakeholder mapping is an interactive process that should be frequently reviewed to track any
changes in stakeholdeontext.

The four stakeholder priority categories can be understood as follows:

1. Key CIA PlayerStakeholders who have bothhagh level of interest in the project and lgh level
of influence and power over project outcomes. These stakeholders will be the stakeholders with
whom the CIA team have the highest level of engagement. They will be consulted individually by the
CIA team.

2. Keep InformedThis category of stakeholder hakighlevel of interest in the project but had@awer
level of influence or power to control project outcomes. These stakeholders will be kept informed of
CIA progress through regular MHPL stakeholder engagement meetings (where relevant), and project
newsletters.

3. Keep Satisfied: This category of stakeholder is perceived to haveveer level of interest in the
project, but ahighlevel of influence or power over project outcomes. This includes indirect funding
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organisations such as British Investment International (BIl) and Norfund. It is expected that

engagement of this group will be managed directly by MHPL. The CIA team will not directly engage

them unless a request is made by MHPL or the stakeholder. Thai@$Ato ensure that the

NBIljdANBYSyiGa 2F WYSSLI {FTGAAFASRQ aidl {SK2ft RSNA

LINEPIANBaa GKNRdAAK alt[Qad t NRr2SOG 5S@St2LSyda /2
4. Monitor: These stakeholders are perceivedegpeciallyhave dower level of interest in the CIA. The

CIA team will continue to monitor these stakeholders to see if their level of interest or influence

increases and/or a greater level of engagement is required. These stakeholders will be kept informed

of project progressi KN2 dzZaK al t [ Qad LINR2SOG ySgaftSiaSNw

A full list of identified and mapped stakeholdess be found in the Stakeholder Engagement Plan to the CIA
(Multiconsult et al. 2023a)

3.2 Stakeholder Engagement Conducted

Thestakeholder engagement conducted (including minutes from the meetings) in March, April and May 2023
is reported in Appendix A (Molsdition trip), Appendix B (Sediment trip) and Appendix (Terrestrial Ecology
trip) of the Inception and Review Report (Multiconsult et al. 2023c), whilst the stakeholder engagement
conducted in July 2023, including consultation transcripts is reported thpir@dission and Baseline
Surveys Field Trip Report (Multiconsult et al. 2028bjhe followingthey are listedand reference is made

to the Inception and Review Report and the Scoping Mission and Baseline Surveys Field Trip Report with
regard to details from the meetings.

Mobilisation Trip(March 2023)

Stakeholderorganisation

EGENCQonsulted 2
times, in Blantyre and at
Kapichira

Large Parastatal or WB

Stakeholder type

Infrastructure Projects

Stake in the project

Decision making power

Overall CIA priority
Key CIA player

Agricane/Kaombe Estate | PrivateSector Natural resource user Key CIA player
African Parks NGOs, CBOs and Advocg Natural resources user Key CIA player
Groups

Robin Pope Safaris

Private Sector

Natural resource user

Key CIA player

Sediment Trip (April 2023)

Stakeholderorganisation

EGENCO (consulted 3
times at Kapichira, Tedza
and Nkula)

Stakeholder type
National Level
Government MDAs

Stake in the project
Decision making power

Overall CIA priority
Key CIA player

Agricane/Kaombe Estate

Private Sector

Natural resource user

Key CIA player

Robin Pope Safaris

Private Sector

Natural resource user

Key CIA player
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Terrestrial Ecology Trip (May 2023)

Stakeholder organisation

MWASIR; Blantyre
District

Specialist Knowledge

Stakeholder type

Stake in the project

Watershed management

improvement and
catchment restoration in
the Shire tributaries

Overall CIA priority
Key CIA player

MWASIR; Neno District

Specialist Knowledge

Watershed management
improvement and
catchment restoration in
the Shire tributaries

Key CIA player

Scoping Mission and Baseline Surveys Field Trip (July 2023)

Stakeholder organisation Stakeholder type

EGENCO (4 times, at
Kamuzu BarrageNkula,
Tedzani and Kapichira

National Level
Government MDAs

Stake in the project

Decision making power

Overall CIA priority
Key CIA player

Agricane/Kaombe Estate
(by Teams)

Private Sector

Natural resource user

Key CIA player

lllovo Estate

Private Sector

Natural resource user

Key CIA player

Blantyre Water Board

Large Parastatal or WB
Infrastructure Projects

Natural resource user

Key CIA player

SVTP

Large Parastatal or WB
Infrastructure Projects

Natural resource user (an
infrastructure
development)

Key CIA player

ESCOMincl. MOMA)

National Level
Government MDAs

Natural resource user (an
infrastructure
development)

Keep Informed

Government MDAs

NWRA National Level Decision making power | Key CIA player
Government MDAs (and possible long term
G2y SNE 2F
DWRM National Level Decision making power | Key CIA player

Fisheries Department (by
phone)

National Level
Government MDAs

Decision making power

Key CIA player

Department of Forestry

National Level
Government MDAs

Decision making power

Key CIA player

Department of Irrigation
(by Teams)

National Level
Government MDAs

Decision making power

Key CIA player

DNPWZ2 times, Blantyre
and in Lengwe National
Park)

National Level
Government MDAs

Decision making power

Key CIA player

Malawi Human Rights
Commission

NGOs, CBOs and Advoca
Groups

Interest in ClAocus

Keep informed

Department of Museums
and Monuments

National Level
Government MDAs

Decision making power

Keep informed

Department of
Environmental Affairs

National Level

Government MDAs

Decision making power

Key CIA player
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Stakeholder organisation Stakeholder type

World Bank (Malawi and
Washington DC) and IFC

Lenders

Stake in the project
Decision Making Power

Overall CIA priority
Key CIA players (owners)

Mkoko village, Neno

Village Development

Natural resource use

Keep satisfied

Committees

Symon village, Neno Village Development Natural resource use Keepsatisfied
Committees

Ntingale village, Blantyre | Village Development Natural resource use Keep satisfied
Committees

Felemu and Kambalane | Village Development Natural resource use Keep satisfied

villages, Blantyre Committees

Lukhubula village, VillageDevelopment Natural resource use Keep satisfied

Chicwawa Committees

Mwanza village, Chicwaw| Village Development Natural resource use Keep satisfied
Committees

Nyenere village, Elephant
Marsh

Community Conservation
Area Members

Natural resource use

Keep satisfied

Fishermen in Elephant
Marsh, Lishulu Gumbwa
Lagoons and Nkulumadzi
tributary

Single local stakeholders

Natural resource use

Keep satisfied

The following additional consultatiomgere conductedn September 2024 prior to the CIA workshop:

Consultations in September 2024 prior to the CIA Workshof§ Sgptember.
Stakeholder organisation Stakeholder type

Stake in the project

Overall CIA priority

Government MDAs

(and possible long term
G26YySNE 27

l.fl

Irish Aid Lenders Clean cooking programs | Keep informed
and initiatives
NWRA National Level Decision making power | Key CIA player

Modern Cooking for
Healthy Forests

Private SectdNGOs

Clean cooking programs
and initiatives

Keep informed

UsS Aid

Lenders

Clean cooking programs
andinitiatives

Keep informed

3.3 Stakeholders Identification of VECs and Stressors

3.3.1 Development ofApproachto VEC ldentification

Identification of stressorsral VECs was undertaken through consultation with stakeholders during the July
2023 Scoping Mission. The consultations were undertaken without having ardefined list of stressors

and VECs so that the stakeholders were free to choose what they perceasdfwhighest importance.
Basically, two distinct groups of stakeholders were consulted, namely:
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1 National and regional level stakeholders; e.g. government agencies, private sector, parastatals and
NGOs.

1 Community level stakeholders; e.g. community representatives from villages closeitothe
vicinity of the DRIFT ESM sites.

At national and regional level 17 different stakeholdeer&consulted and asked to priosg up to 4 of the

most important stressors and VECSs, with stressor/VEC 1 havigtest/most important priority followed
subsequently by stressor/VEC 2, 3, and 4 by importance. Meeting minutes from these consultations are
attached to the Scoping Report Volume 1 (Multiconsult et al. 2024a).

At community level, 7 villages were consulted, and a similar exextiisgrioritisng stressors and VECs was
undertaken. The social team orgamil the consultation meetings through the Village Development
Committee. By doing so, community engagements became focus group discussions, comprising not only
villages but also key members of the village and commtlaeitgl governance level.

Engagements with communities and focus group discussions generally began witistrsetoired
interviews and operended discussions. During the initial communication, fieldwork specialists facilitated
communities to identify important livelihood communisie

During the local consultations, livelihood components not directly linked t@ (&= employment schemes,

schools, etc.) were not disregarded. This maintained a steady flow of information, perceptions and ideas from
the communities and interview participants. Thereafter, the group split into two different groups (male and
female) to rank the identified livelihood components and the associated stressors/challenges. What
communities identified as livelihood components has been studied and was subsequenityted into the

analysis of the VECs in the Shire Basin. This also includes the interlinkages of VECs and livelihood components
that are indirectly associated with VECs. Summary notes from the community level consultations are
attached to the Scoping Ref Volume 1 (Multiconsult et al. 2024a).

3.3.2 Stakeholder Perception and Feedback on VECs

The next step was to extract the stakeholder perception and feedback on VECs ggtionitbf stressors and
VECSs) from the meeting minutes (national and regional level) and summary notes (community level) and
summarge them in a raw data table (see Tabld 3next page), before undertaking scoring of them across all
stakeholders (scoring at the two stakeholder levels were held separate at this point).
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Table3-1

Stakeholder

Stressor 1

National and Regional Level Stakeholders

Stressor 3

Stressor 4

Raw data table with thestakeholders prioritsing stressors and VECs (PP= Power Production; CC= Climate Change; WQ=water quality).

EGENCO Deforestation Environmental Climate change | Over reliance on | Water availability| Access to Tourism along Catchment
(Kamuzu degradation Shire for PP for power drinking water river (incl. fish health
Barrage) gereration supply for
facilities)
EGENCO (Nkula| Deforestatior, Environmental Environmental Droughts (CC) Water availability| Availability of Availability of -
HPP) Sedimentation degradation- degradationg affecting for power water in river water for staff
affecting dam and| Sedimentation Floating debris production gereration channel for local | use on site

power plant affecting dam and community use
power plant
EGENCO Droughts (lack of | Environmental Deforestationg - Water availability| Water quality for | Catchment health| -
(Tedzani HPP) water for PR; CC)| degradationg debris | silt and sediment for power power gen
runoff affecting gereration
power plant
EGENCO Droughts (lack of | Environmental Deforestation - Water availability| Water quality for | - -
(Kapichira HPP) | water for PR; CC)| degradationg debris | and catchment for power power gen and
runoff affecting degradatiorg silt gererationand irrigation (SVTP
power plant and sediment irrigation (SVTP | canal)
canal)
Agricane Deforestationg Catchment Extreme weather | - Water availability| Ecotourism in - -
sediments andilt | degradationg silts, events (floods for irrigation relation to a
sediments, and and droughts} healthy Elephant
water quality CcC Marsh
lllovo Extreme weather | Catchment (Increased water Water availability| Water quality for | A healthy
events (floods degradation/ salinity in Lower for irrigation irrigation Elephant Marsh
anddroughts)- deforestationg Shire)g Cause?
CC siltation- WQ
Blantyre Water | Extreme weather | Degradation of - - Availability of A healthy - -
Board events (floods catchment and water (quantity | catchment
and droughts} deforestationg and quality)
CcC siltation and runoff
of chemicals
SVTP Catchment More extreme - - Availability of Quality of water | Elephant Marsh | -
degradation/ weather (droughts, water (steady and Lengwe
deforestationg floods)¢ CC (build regular flow) National Park
erosion, more resilient
sedimentation, features, structures)
siltation
(underlying cause
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Stakeholder Stressor 1 Stressor 2 Stressor 3 Stressor 4
population
growth and
associated
sprawl)
ESCOM Extreme weather | Lack of infrastructure - - - - -
events (floods) to supply consumers
NWRA Droughts and Catchment - - Healthy Availability and -
floods (CG) degradation/ catchment quality of water
Water availability | deforestationg
(quantity and sedimentation,
quality) siltation
DWRM Droughts and Catchment Aquatic weeds in | - Availability of Availability of Availability of
floods (CG) degradation/ waterwaysg water for water | water for water for
Water availability | deforestationg Cause; supply irrigation hydropower
(quantity and sedimentation, Fertilizers/ generation
quality). Cause siltation nutrient runoff
(land degradation
+ CC)
DEA Extreme weather | Catchment - - Community Elephant Marsh | Riverine aquatic
events (droughts | degradation/ livelihoods life
and floods- CC) | deforestationg dependent on
sedimentation and river
nutrient/chemical
runoff
Fisheries Dept Land and Gold mining Poverty. Few - Water availability| Water (quantity | Water for
catchment affecting water income for power and quality) for | aquaculture farms
degradationg quality (Mwanza and| generating production fish production
Cause charcoal | Bua tribs) opportunities in
and firewood parts of the
production basin.-> charcoal
- firewood
Forestry Dept Deforestation due| Encroachmentinto | - - Biodiversity Community -
to charcoal forested/protected (aquatic and livelihoods
production areas (charcoal and terrestrial) (linked to
cultivation) biodiversity)
Irrigation Dept Extreme weather | Catchment Excessive Use of pesticides| Reliable water - -
events (CC) degradation (with CQ livestock grazing | in agriculture availability for
affecting water (leads to (runoff nonpoint | irrigation
availability)c Cause: | overgrazing and | source pollution)
charcoal and soil erosion
encroachment
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Stakeholder

Stressor 1

Stressor 2

Stressor 3

Stressor 4

affecting quality
of water)

DNPW

Extreme weather
events (flooding)

Deforestation due to
charcoal production
(alsoexacerbating
flooding and
sedimentation silting
of aquatic habitats.
Also increased
poaching during
floods)

Encroachment on
land near pristine
or protected
areas (due to
population

growth and
poverty)

Habitats for
wildlife and birds

Majete WR,
Lengwe NP,
Liwonde NP,
Elephant Marsh

Flagship VEC
species: Hippos,
crocs, rhinos,
nyala antelope,
pangolin and
migratory birds in
Elephant Mars

Malawi Human Deforestation - - - Community Reliable water - -
Rights livelihoods availability for
Commission irrigation
DMM Construction of Extreme weather Livingstone trail | Sacred forest, Historical, Pre
infrastructure events due to CC trees, tributaries | historical and
(irrigation, roads, Cultural sites palaeontological
HPP, etc.) sites
Community Level Stakeholder
Simon Village Loss of Extreme weather Access roads Declining soll Agricultural fields| Rangelands Social services: | River and
(SC2) community events (linked to productivity healthcare groundwater
livelihoods. increased
Especially transportation
through the costs and value
stoppage of the chain isolation)
rural works

program (Malawi
Social Action
Fund- MASAF)

Mkoko village Declining soil Extreme weather Growing Loss of land and | Productive land | Social services: | Biodiverse forests| River resources
(SC1) productivity events population and influx of migrant | and soil for schools and and woodlands
resource workers due to | agriculture healthcare
pressures Nkula HPP
Ntingala village | Extreme weather | Lack of employment | Accessibility Declining fish Productive land | Social services: | Rangelands and | CBQvillage
(SC3) events opportunities during wet stocks and soil for schools and livestock savings and loan
season agriculture healthcare scheme
Felemu and Access roads Poor education Extreme weather | Charcoal Productive land | River resources | Social services: | Biodiverse
Kambalane levels among youth | events harvesting and soil for schools and forests and
Villages (SC4) (prompted by bridge agriculture (incl. healthcare woodlands

collapse which cut

off access to schools|

cattle ranches)
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Stakeholder

Stressor 1

Stressor 2

Stressor 3

Stressor 4

Kanjala village
SC5)

Extreme weather
events. Especially|
floodings

Sedimentation

Access roads

Lack of electricity|

Productive land
and soil for
agriculture
(especially flood
recession
agriculture in the
flood plain lake)

Biodiverse
forests and
woodlands

River/floodplain
lake

Rangeland and
livestock

Chambuluka
village (SC7)

Access roads

Declining fish stocks

Sedimentation

Exoticlivestock
breeds

Productive land
and soil for
agriculture

Biodiverse
forests and
woodlands

River resources

Social services:
schools and
healthcare

Ntchenyera
village (SC9)

Lack of
employment
opportunities

Extreme climatic
events, especially
periods of high
rainfall (slowly

receding water levels
delay the dry season

cropping window)

Access roads

Land tenure
agreements with
sugar cane
estates

Productive land
and soil for
agriculture
(including flood
recession
agriculture in the
Elephant Marsh)

Elephant Marsh

River Resources

Rangelands and
livestock

*SC= Social Consultation site
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3.3.3 Key Findings

Most of thenational level stakeholdensere concerned about the continuing degradation of the basin due

to the land use change and deforestation and climate change and its impacts on water and natural resources,
protected areas and wildlife with some difference in focus. Typically, Department of Forestry and DVENP ha
focus on catchment degradation as a whole and also on biodiversity, wildlife and protected areas. NWRA and
DEA hae focus on this as well but also on water resources (quantity and quality), whilst the water users like
EGENCO, SVTRyvll and Aricaneas well as Department of Irrigation Yemore focus on impacts on the

I g AflroAfAGE YR ljdZftAGE 2F 61 GSNJ ol foSAG Sy@ANR,)
consulted stakeholdef3/EC focus/priorisation (during the July 2023 trip$ reported in Section 4.1.2.

The local level stakeholdesse, understandably, more focused on impacts at local level (very much due to
local level developments) and on social impadteluding natural resourcegpon whichthey base their
livelihoods
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4 PRIORIBATIONAND SELECTIODF VALUED ENVIRONMENTAL AND SOCIAL
COMPONENTSTRESSORSD BOUNDARIES

4.1 Prioritisation and Selection of VE@sd Stressors

Scoring of the stressors and VECs acrosstalteholders was undertaken to rank the importance of the
stressors and VECs as perceived by the stakeholders. Some stressors from the raw data table were also
pooled or renamed for harmonization and simplification purpogesotal stressor sum was then calculated

as follows:S1=4, S2=3, S3=2 and S4=1 multifiyatlmber of stakeholders (NS) priositig them; then total

stressor sum (TSS) is SIXNS+S2xNS+S3xNS+S4xNS. Similarly, the total VECs Sum (TVS) famcalculated
the TSS. The stressors and V&E@® the grouped in priorited and norprioritised groups based on their

total score and sound judgementas allowed foiif scoring was lowewhile the ClAconsultantthought it

was important that these stressors and VECs should be part of the padrigroups. The consultant also
identified a few new stressors (influx of people) and VECs (tourism), not gadrity the stakeholders,
perceived as important in the Shire Basin.

It is important to note that stressors identified by thetakeholders are actually primary impacts from
Drivers/Causesso in the Impact Pathway Network DiagrayDrivers/Causes hee been identified and the

primary impact column has been termed Stressors/Primary impacts.

In the following the results from the scoring exercise described abanegprovided with comments on the
drivers/causes included.

National and Regional Level Stakeholders

Total Stressor Sum (TSS) (Prieatl and NonrPrioritised)

Prioritised

1. Deforestation 565 (Drivers are population growth with associated sprawl into pristine areas, poverty,
charcoal and firewood production, cultivation)

2. Extreme weather events 51 (Drivers are climate change, but both drought and floods events are
also exacerbated by degradation of the catchment including deforestation)

3. Environmental degradation other than deforestation (pollution etc)2¥ (Drivers are use of
pesticides, fertilizers etc in agriculture and industrial activities)

4. Influx of people (added by Client/Consultant) = Bleored by stakeholders (Drivers are infrastructure
development (HPPs, SVTP and other irrigation dev., water supply development, transmission line
dev.) and population growth).

Nonprioritised
5. Encroachment into pristine or protected area$ ¢Drivers are population growth, poverty, and lack

of livelihood opportunities)

6. Infrastructure development (including HPP<) ®rivers are population and economic growth)

7. Excessive livestock grazing2=(Drivers are poorly managed agricultural applications due to
environmental knowledge and poverty)
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8. Increased water salinity in Lower Shire2{May be increasingly exacerbated by the impacts of
irrigated agriculture as a driver (Foster et al., 2018))
9. Over reliance of Shire for power productiori =

Total VECs SuffVvS) (as of TSS) (Priestil and NonrPrioritised)
Prioritised
1. Reliable water availability and quality8&
9 For power generation, irrigation, water supply and livelihoods
2. Biodiversity and habitats for flora, wildlife, birds and aquatic lifb=
1 Flagship VEC species
i. Hippos
ii. Crocodiles
iii. Rhinos (especially Black Rhino as of BAP study)
iv. Nyala antelope
v. Pangolin
vi. Migratory birds (Elephant Marsh) and Vultures (as of BAP study)
1 Flagship VEC Habitats
i. Majete WR
ii. Lengwe NP
iii. Liwonde NP
iv. Elephant Marsh
3. Catchment health 42 (not really a VEC, but a stressor and response to it a mitigation strategy
instead. Hencgiaken out in Summary Stressor Tgble
1 Helps also regulatinBeliablewater availability and quality and supports biodiversity
4. Historical sites
9 Livingstone trail, other historical sites, archaeological sites, paleoanthropological and
paleontological sites etc.
5. Cultural and religious sites3{pooled together with historical sites in Summary VEC Table
T {I ONBR FT2NBaidz al ONBR GNBSQa o0l 206l 0
6. Tourism (Nbscored by stakeholders. Added by Client/Consultant)

(7))
i
O
S
C

Non-prioritised
7. Resilient community livelihoods3=

Community Level Stakeholders

Total Stressor Sum

Prioritised
1. Extreme Weather Events2i
2. Loss of livelihoods/Lack of Employment Opportunitid®=
3. Influx of people (added by Client/Consultant) = Scored low by stakeholders (Drivers are infrastructure
development (HPPs, SVTP aber irrigation dev., water supply development, transmission line
dev.) and population growth).
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4. Lack of infrastructure development or Infrastructure collaps&2<Infrastructure collapse due to
cyclones/floods; e.g. drivers are either economic development or extreme weather events)

Nonprioritised
5. Declining agricultural and soil productivitysfdue to nonsustainable management/practises, and

is a primary impact of deforestation and environmental degradation)

6. Increased sedimentation/siltation %(this is actually a primary impact of deforestation and extreme
weather events)

7. Declining fish stocks4~(secondary impact of sedimentation/siltation, pollution, and overfishing)

8. Population growth/Influx of people 3

9. Charcoal production % (Driver to the stressor deforestation and subsequent effects)

10. Sugarcane Estate expansiof éPart of influx of people)

11. Introduction of exotic livestock ¥

Total VECs Sum
Prioritised
1. Productive land/soil for agriculture 28
2. Biodiversity and habitats for flora, wildlife, birds and aquatic lifd€E€hanged to Ecosystem Services
for Livelihood in VEC summary Table
a. Forest and woodlands biodiversity and resources
b. Riverine and wetlands biodiversity and resources
c. Flagship VEC habitats (Elephant Marsh, floodplain lake near Lukhubula tributary, etc.)
3. Social Services (education and health facilities and community loans ég.) =

Nonprioritised
4. Productive rangelands for livestock €part of productive land/soil for agriculturks

A further assessment/detailing of the drivers/causes behind the stressors and the indicators of the stressors
guantifiability is given in TablesM(national and regional level stakeholders) an@ dcommunity level
stakeholders).

Table4-1 ~ Summary prioritised stressor table for Impact Pathway Network Analysis (national and

regional level stakeholders).

Quantifiable
indicators

Rank Stressor Drivers to Stressor Total Stressor Average Score

(TSS/17)

Score (TSS)

1 Deforestation Charcoal and firewood | 55 3.06 Yes: Percentage
production and or total amount
encroachment into of deforested
forested area (with area over time
ultimate cause (land cover
associated with poverty change analysis
and population growth)

2 Extreme weather Climate change (the 51 2.83 Yes: Climate
events (floods and | stressor is also change results
droughts) exacerbated by with

deforestation) subsequent
impacts on
basin hydrology
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Drivers to Stressor Total Stressor Quantifiable

Average Score

Stressor

Score (TSS) (TSS/17) indicators
/ precipitation
anomaly data
(magnitude and
frequency)

3 Environmental Agricultural practises 23 1.28 Yes: Estimated
degradation other | (pesticides, fertilizers) non-point or
than deforestation | and industrial activities point source
(pollution etc.) pollution and/or

changes in
water quality

4 Influx of peoplé° Infrastructure Non-scored by Nonscored by Yes: Estimated

development (HPPs, stakeholders. stakeholders. amount of
Irrigation, Water Supply] Added by Added by influx due to
Roads, Transmission Client/Consultant| Client/Consultant| various
Lines) development
activities
Table4-2 Summary prioritised stressor table for Impact Pathway Network Analysis (community level

stakeholders).

Stressor

Drivers to Stressor

Total Stressor

Score (TSS)

Average Score
(TSS/7)

Quantifiable
indicatorsn

Extreme weather | Climate change (the 21 3 Yes: Climate
events stressor is also change results
exacerbated by with subsequent
deforestation) impacts on basin
hydrology;
precipitation
anomaly climate
data (magnitude
and frequency)
Loss of (i) Infrastructure 15 2.14 () Yes (Loss of
livelihood/Lack of | development, (ii) land), (i) Yes
employment extreme weather events (amount and
opportunities (i) lack of economic increase in

development/poverty

events), (iii) Yes
(estimates of
employment
rates/poverty
rates

Influx of people

Infrastructure
development (HPPs,
Irrigation, Water Supply,
Roads, Transmission

Non-scored by
stakeholders.
Added by
Client/Consultant]

Non-scored by
stakeholders.
Added by
Client/Consultant]

Yes: Estimated
amount of influx
due to various
development

Lines) activities
(i) Lack of (i) Lack of economic 12 1.71 Yes: Estimated
infrastructure development and (ii) needs for
development or extreme weather events infrastructures
(ii) infrastructure dev. and
collapse probability for
infrastructure
collapse
20Workforce plus additional opportunistic influx.
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Similarly, as with the stressors, a further assessment/detailing of the VECs withnttieators and the
indicators quantifiability is given in Table34(national and regional level stakeholders) and Tablé 4
(community level stakeholders).

Table4-3 Summary prioritised VEC table fétmpact Pathway Network Analysis (national and regional

level stakeholders).

Rank VEC group VEC details/indicators Total VEC | Average Score| Quantifiable

Score (TVS) | (TVS/17)

indicators

Reliable water For: 84 4.67 Yes: Available water
availability and quality | Powergeneration volumes and data on
Irrigation schemes water quality.
Water supply
Ecosystem Services
(floodplain agriculture
etc.)
Biodiversity and Flagship VEC species 25 1.39 Yes: To some extent
habitats for wildlife, Elephants, Hippos, viz number of animal
birds and aquatic life | Crocodiles, Black per VEC species /
Rhinoceros (BAP Study), IUCN Red List
Nyala antelope, Pangolin classification
Migratory Birds (especiall category. VEC
in Elephant Marsh) and habitats, to some
White-backed and White extent with regard to
headed Vultures (BAP area of nondegraded
Study) protected areas.
Flagship VEC habitats
Majete WR, Lengwe NP, Yes: With regard to
Liwonde NP and Elephan the DRIFT ESM
Marsh assessment
DRIFT ESM assessment
river zones with regard to
ecosystem health
Historical, cultural and| Livingstone trail and othel 9 0.5 Yes: Number of sites

religious sites

historical sites, including
sites such as 'Thornton's
grave' downstream of
Kapichira, archaeological
sites,paleoanthropological
and paleontological
sites,including recently
discovered paleontologicd
site close to Kapichira
dam.

Cultural and religious site
like sacred forests

LI §OKSasx al (
(baobab), and sacred
tributaries, including the
Mbona Rain Shrines at
Khulubvi close to the Shir|
in Nsanje district, which
are on the UNESCO Wor
Heritage tentative list as @
2011.

affected and for
larger sites also area
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5 Tourism (added by Ecoe and wildlife tourism. | Non-scored | Nonscored by| Yes: Number of
Client/Consultant) Lodges by stakeholders | tourists/overnight
stakeholders| stays; statistics on

employment in the
travel and tourism
industry

Table4-4 Summaryprioritised VEC table for Impact Pathway Network Analysis (community level
stakeholders).

Rank VEC group VEC details/indicators Total VEC Score Average Score Quantifiable
(TVS) (TVSIT) indicators
1 Productive land/soil Aggregated 28 (35 with 4 (5) Yes: To some extent
for agriculture amount/size of productive this can be quantified

productive land/soil for| rangeland for by the amount of land
agriculture livestock) under cultivation and
Productive rangeland by national agriculture
for livestock production census data

such as: National crop
production and
hectarage estimates fo
rainfed and irrigated
agriculture; Agriculture
Development ad
Marketing Corporation
(ADMARC) domestic
commodity purchases;

etc.
2 Ecosystem Service{ Forest and woodlands | 21 3 Yes: Possibly to some
for Livelihood biodiversity and extent with regard to
resources available sustainable
Riverine and wetlands outtake of resources
biodiversity and for livelihoods. This caf
resources also be quantified by
Flagship VEC habitats calculating the total
(esp. Elephant Marsh) land use/changes in
land cover for
woodland
3 Social services (als| Education and health | 12 1.71 Yes: Access to these
affected by influx of| facilities and services. Census data
people and extremd community loans that could inform the
weather events as | Social cohesion quantification of social
stressors) services include; early

childhood developmen
statistics; energy and
sanitation statistics;
etc.

4.2 Summary of Causes and DriversGifiange

The main drivers and causes of change in the Shire River Basin, based on the stakeholder inputs discussed in
Section 3.2and 3.3along with researchcan be summased as follows. These have been included in the
preliminary overall CIA analysis (Impact Pathway Network Analysis) discussed in Section 7.1.
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Anthropogenic (humannduced) causes/drivers

1 Charcoal and firewood production and encroachment into forested areas (most widespread
throughout the basin).

9 Agricultural and industriadevelopment (practises).

1 HPP and dams development and operation (Nkula, Tedzani, Kapichira, Mpatamanga HPPs plus
KamuzuBarrage.

9 Irrigation and water supply development (SVTP, lllovo, Agricane etc., plus Blantyre Water Board
Southern Region Watdoard developments).

9 Transmission lines and roads development (MOMA etc.).

Natural system causes/drivers
1 Climate change (besides charcoal production etc. the most profound driver of change at basin scale)

4.3 Summary Stressors/Primary Impacts

The causes/drivers of change discussed above led to identification of a group of main stressors/primary
impacts as a result of the causes/drivers of changes. These are as follows:

1 Extreme weather events, e.g. floods and droughts. Primarily caused by climate change but
exacerbated also by deforestation due to charcoal/firewood production and encroachment into
forested areas.

91 Deforestation and land use change. Main cause is charcoal/firewood production and encroachment
into forested areas, but also affected by infrastructure and agricultural development.

1 Environmental degradation other than deforestation (pollution etc.). Impacted by multiple
causes/drivers but most profoundly by agricultural and industrial practises.

1 Changes to flow regime. Impacted by multiple causes/drivers, but most profoundly by HPP
development and operation.

1 Influx of people. Impacted by HARigation and transmission line and roads development.

These again have multiple secondary impacts which are discussed in Sedftiis report.

4.4 Summary Priorited VECs

The VECs priori#d and discussed in detail in Tadl& and 4-4 have been pooled for the Impact Pathway
Network Analysis, and the final list prioritised VECs as follows:
1 Reliable water availability and quality.
Biodiversity and habitats for wildlife, birds and aquatic life (VEC species and habitats).
Ecosystem services for livelihoods.
Productive land/soil for agriculture.
Historical, cultural and religious sites.
Tourism and social services.

=A =4 =4 =4
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4.5 SpatialBoundaries

The spatial boundaries for the Cafe the Shire River Basin downstream of Lake Malawi to the confluence
with the Zambezi River. However, the main focus area of the study is the catchment of the Shire River from
the KamuzwBarrageto the Mozambican borderincluding its significant tributaries (see Figurg)4

The Impact Pathway Network Analysis assessed the status and changes within the whole catchment of the
main focus area whereas the DRIFT ESM investigated the status and changes to the aquatic and riparian
systems at the ESM sites and their associated zoines/reaches.

The temporal and spatial boundaries of the study have been discussed and agreed with the Client, WB/IFC
and stakeholders during the Scoping Phase.
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5 DEFINITION AND SELECTION OF SCENARIOS AND PATHWAYS

5.1 General

The scenarios witltheir temporal boundariehiave been selected through an interactive process with the
Client, IFC/WB, the ESIA consultant and a few other stakeholders. Ten main scenarios have been selected
and can be grouped into four main scenario groups, namely:

Near Natural and Historical (trended past) scenarios;
Baseline scenarios (current and 2030);

Near Future scenarios (2035); and

Distant Future scenarios (2070).

= =4 =4 =

5.2 Summary of Selected Scenarmgh PathwayDevelopments

A summary description of all the selected past, present, and future scenarios for the modelling and analysis
of the Mpatamanga CIA is given in Tablé &verleaf, where the details, with main input characteristics/
parameters are outlinedzach of the four main scenario groupse highlighted in white/ grey background
colour.

The hydrological conditions of the scenar@vebeen based on the CIA Wflow hydrological modelling (with
a hydrological reference period between 199@23 however, comparison/ adjustments have been
undertaken with the EDF baseline tirseries for 1992022, where found necessary

10248341RAP09 October2024 Pages2



2" Draft CIA Report CIA of the Mpatamanga HPP on the Shire River

Table5-1 Description of the main scenarios for the CIA analysis. Including main input characteristics/parameters.

Time/Period Basin Forest Cover Estimated Basin
. . Description with regard Land Cover relative to baseline Populatior?!
. Temporal Description with regard to :
Scenario to other infrastructure 1 Closed BDF
boundary HPPDevelopment )
developments (Estimated Forest
Cover)
1 Natural Historical conditions 1900 +37% (Closed BDH < 250000
without other large =35.21%, Total =
infrastructure in the 53.38%)

. . - basin and low levels of
Historical conditions

NG Ngtural Early 1900 without large dams in the _deforestal.tlon, Clits
Scenario basin inputs by;
- 1900 water
resource and other
infrastructure
developments
2 HS Trend This trended scenario will Pre1992 Pre1992: +30% 1992: 2200000
track the chang.es.in the Sl wEET TEsauieE: (Closed BDF = 2002: 2600000
hydrology, Kapichira development that came 19922002 33.41%) 2012: 3400000
comingonline, changes in sifie bamms EE9 19922002: +15% | 2022: 4500000
frequency of flooding, | 5457 Irrigation| 2002 2023 (Closed BDF =
etc_. Will also be used.to developments,  water 29.56%)
ca!lbrate DRIFT, and inputg supply developments 2002-2023: 0%
Historical Scenario| From 1992 to 2022| 2 Irrigation (Closed|BDF =
- Prel1992:Kamuzu - lllovo 25.7%)
Barrage Tedzani 1, - Agricane +
Nkula 1, 2 and 3 others
- 1992—2002; 4 .Tedzanl Water Supply
2 and Kapichira Phase - BWB + SRWB

1
- 20122022: + Kapichirg
Phase 2 + Tedzani lll

21 Based on that Shire Basin comprises 16 % of the land area of Malawi, but 22 % of its population (Coulibaly, Y.J., iMbbiv@W SBeedy, T., Kundhlande, G. and Musau, J. (2015) Mapping

Vulnerability to Climate Change in Malawi: Spatial and Social Differentiation in the Shire RivekBasian Journal of Climate Change282294.http://dx.doi.org/10.4236/ajcc.2015.4309)3Estimates for all scenarios
except near natural derived from this source of total Malawi population projecitiops://worldpopulationreview.com/countries/malawpopulation
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Scenario

Temporal
boundary

Estimated Basin
Populatior?t

Forest Cover
relative to baseline

Time/Period Basin

Description with regard to Description with regard Land Cover

HPPDevelopment

to other infrastructure
developments

1 Closed BDF
(Estimated Forest
Cover)

Subscenario BS 2.2:
Conditions when
Mpatamanga becomes

operational

3 Base 2022/3 o Current development | 2023 (same as HS | 2’Closed BDF = 4600000
Current situation and HPP | g51s and land use of | 2023 forest cover) | 25.7%
devglcl)%men(tjwnhm (tjhe the spatial boundary Open BDF =
e aea

Baseline Scenario iy - Kamuzu Barrage Irrigation Mosaic cropland =
Current conditions - lllovo 1.15%
1 (Reference (KABOM .
; ¢ 2023 . - Agricane + Closed to open BE

Scenario) operation rules) others = 0.43%°

- Nkula (peaking) _

- Tedzani (peaking) Water Supply Total = 43.87%

S - BWB + SRWB
- Kapichira .
(peaking) Current transmission
lines and roads

4.1 | 2030BAU Subscenario BS 2.1: 2030 (same as BS] <1% (Closed BDF 7 5500000
Conditions 2030 without 2023 forest cover) | 25.4%)
Mpatamanga

- Kamuzu Barrage
(KABOM Development status
. . projections) 2030. SVTP (lllovo and
Baseline Scenario . . )
2 cwith/without - Nkula (peaking) | Agricane connected);
Near Future 2030 - Tedzani (peaking) MWASIP, water supply
Mpatamanga . L
Operational - Kaplchlra a_md transml_ssmn
(peaking lines/roads included
(including MOMA).
4.2 | 2030MPTBAU

22 Considering all landcover classes relevant to forests the current forest cover within our model domain is up to 44%eakibvarbfrom the unmodified ESA Globcover product in the prelsgribaseline

(https://www.esa-landcovercci.orgl). When modifying landcover we increased the proportion of closed canopy broadleaved deciduous forest (Closed BDF) heutxmerese of 3 other foremtlevant classes (Open BDF,

Mosaic cropland and Closed to open BE; see footnote 3)

2 Closed BDF = Closed (>40%) broadleaved deciduous forest (>5m); Open BDF 0%g(@&dleaved deciduous forest (>5m); Mosaic Cropland = Mosaic croplai@d4b0Ovegetation (grassland, shrubland, forest)

(20-50%); Closed to open BEF = Closed tn ExE5%) broadleaved evergreen and/or sdegiduous forest (>5m)
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Scenario

Temporal

boundary

Description with regard to
HPPDevelopment

Description with regard
to other infrastructure
developments

Time/Period Basin
Land Cover

Forest Cover

Estimated Basin

relative to baseline Populatior?!

1 Closed BDF
(Estimated Forest

- Kamuzu Barrage
(Kabom
projections)

- Nkula (peaking)

- Tedzani (peaking)

- Mpatamanga
(peaking)

- Kapichirarot
peaking

Cover)

5 NF1BAU

Near Future
Scenario I¢
Business as Usual
Pathway

Future conditions,
as planned for
2035

Planned HPP infrastructure
development and
operations
- Kamuzu Barrage
- Nkula (peaking)
- Tedzani (peaking)
- Mpatamanga
(peaking)
- Kapichira (not
peaking)

Future infrastructure
development scenario
as of 2035 with SVTP,
MWASIP, Irrigation as @
Master Plan up to 2035
water supply and
transmission lines
(including MOMA).

2035 BAU
(Business as usual
catchment
management and
sectors
development;

Same as BS1 2023

forest cover)

<1% (Closed BDF
25.4%)

(1.8% increase in
agricultural land)

6200000

6 NF2BAU

Near Future
Scenario Z;
Business as Usual
+ Joint Dams
Operation

Future conditions
as planned for
2035

Planned HPP infrastructure
development and
operations as of Near
Future Scenario 1 plus join
operation ofKamuzu
Barrage Nkula, Tedzani,
Mpatamanga and Kapichira
- Kamuzu Barrage
(KABOM
projections)
- Nkula (peaking)
- Tedzani (peaking)
-  Mpatamanga

(peaking)

As of Near Future
Scenario 1

2035 BAU + JDO

As NF1

6200000
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Scenario

Temporal

boundary

Description with regard to
HPPDevelopment

Description with regard
to other infrastructure
developments

Time/Period Basin
Land Cover

Forest Cover Estimated Basin
relative to baseline Populatior?t

1 Closed BDF

(Estimated Forest

- Kapichira (not
peaking)

Cover)

Climate Change

Policy up to 2035 and
National Charcoal
Strategy.

7 NF3BAUCC Near Future Planned HPIvfrastructure 2035 BAU + JDO + As NF1 6200000
Sce_narlo & Future conditions develo_pment Y As of Near Future cc
Business as Usual operations as of Near . .
. as planned for - Scenario 2 plus climate
Pathway + Joint Future Scenario 2 plus -
. 2035 . change superimposed
Operation + climate change
Climate Change superimposed
8 NF4SPCC Projected future 2:;)(;35 ‘.]DO + CC_: +9 28?052:;;2‘? 6200000

infrastructure § 0 Increase in (28 38760 ” -
development scenario SoFr:;tAcgrer \2”0217 : °)_ .
as of 2035 with SVTP, an 2017) | 205060: +20%

Near Future MWASIP, Irrigation as d (Closed BDF =

Scenario 4 : Master Plan up to 2035] Stepwise build in (i) 30.84%)

Sustainable Planned HPP infrastructure water supply and catchment 2060-70: +30%

Pathway Future conditions | SEVelopment and T rehabilitatior?4, (i) | (Closed BDF =

(including energy as planned for operations as pf Near (including MOMA). tourism and 33.41, Total =

transition and 2035 Future Scenario 3 protected areas 51.58%)

ﬁ”nai:iChaTi'grr\]; + Joint Energy source transitior mgrgagemenfland

gat as of National Energy (iii) Sustainable
Operation + land use

enhancement and
energy source
transitior?®in the
basin Introduce (i)
to (iii) sequentially.

24 Catchment rehabilitation that includes rehabilitation/reforestation of targeted erosion hotspot areadributaries with highest sediment yield to Shire, e.g. erosion hotspots in Ruo, Lisungwe, Nkulumadzi, Lirangwe,
Likabula and maybe Rivi Rivi and Mwanza tribs) + MWASIP pilot areas in Lisungwe, Nkulumadzi, Lirangwe/Likabula (asmgfdiés\&edimet study: Baseline Report and Erosion Hotspot Maps + projected reduction of
sediment transport for 2035 and 2070 conditions).

25Enhancing tourism and protected areas management of protected aneahe basin, and then especially the selected Flagship VECs for the CIA, e.g. Liwonde NP, Majete WR, Lengwe NP lsiadsBl¢ipbbnesstricted
access into, and cultivation in, the Elephant Mar3tme two first are quite well protected by African Parks running them but some encroachment etc. si{irmtude also Northern Corridor suggestion, close to Majete, of
BAP study). Lengwe NP is under high pressure viz encroachment/ poaching and especially the New Lengwe part. The foliresigpgatts) of New Lengwe or at least major parts of it. Boordevelopment should go
hand in hand with strengthening of protected areas management.

26 Sustainable land use enhancement and energy source transiian follows the goals and targets in the Renewable Energy Strategy (2017), National Charcoal Strategy (2017) and Kesidrexhdcape Restoration
Strategy (2017) implemented for the Shire Basin,teagsition from biomass (woodfuel/charcoal) to more renewable (or sustainable sources) as the energy source. E.g. di@fsiels?d and electricity as well as
sustainable charcoal production (plantation trees in targeted areas).
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Scenario

Temporal

boundary

Description with regard to
HPPDevelopment

Description with regard
to other infrastructure
developments

Time/Period Basin
Land Cover

Forest Cover
relative to baseline
1 Closed BDF
(Estimated Forest

Estimated Basin

Populatior?t

Cover)

9 DF1BAUCC Distant Future As for Near Euture 2070 BAU (BS1 As NF1 (Closed 10600 000
Scenario I Future conditions | As for Near Future Scenari . . Forest Cover) + CGQ BDF= 25.4%)
. . ) . Scenario 1 but with
Business as Usual| as projected for 1 but with Climate Change Climate Chanae 2070
plus Climate 2070 2070 conditions - 9
conditions
Change
10 DF2SPCC Distant Future 2070 + CC + SP 2070 50% (Closed | 10600 000
Scenario Z, . (50% increase in | BDF = 38.55, Total
Sustainable Future. conditions; As for Near Future 4 but As for Near F“t“Fe forest cover) =56.72)
. as projected for . - Scenario 4 but with
Pathway + Joint 2070 with 2070 conditions 2070 conditions
Operation +

Climate Change
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6 SET UP OF MODELS FOR SCERSBESSMENT

6.1 Climate, Hydrological and Water Resources Modelling

6.1.1 Climate Change Modelling

As a starting point the climate changes analysis of the current study was aligned as much as possible with the
Climate ChangBesilience Assessment conducted by the consortium of EDF. Most of the data used by both
EDF and the current projeate prepared by DCCMS. The climate model datasets are developed as part of
the European FOCUS Africa projétiiat aimed at the development of sustainable climate services in the
Southern African Development Community (SADC) region for different sectors. The dataset consists of a set
of global climate models (GCMs) that were part of the IPCC 6th assessment Tdm@octimate datasets were
dynamically dowrscaled and statistically bia®rrected to improve the datasets performance and reach a
higher spatial resolution.

Similar to EDF we decided to focus on the following S$5R2.5as a middle of the road scenario aB8P3
7.0as a relatively pessimistic scenario. S8Blis based on hypotheses that have already been surpassed,
so it is rather optimistic, whereas SSB5 is overly pessimistic in assuming that nothing is done at all over a
very long time period.

We processe®0-years of climate model data around the neand distantfuture temporal boundaries
(starting 2@0and 2070, respectively)h&se 30year periods are considered to be sufficiently long to capture
natural climatevariability, while they do not contain a climate trend yet. Both for the current and future
climate conditions we calculated the change in kagn average annual precipitation and the annual
average temperature. The scatter plot attaché&dglre 61) illustrates the model selection process resulting
in three choices that represent a dry wet and mean case that considers all models from the-afititie
road to the pessimistic. These three chosen models are used as forcing over the Wflow modelkig dom
the Near Future 3, Near Future 4 and both Distant Future scenarios.

The selection process of the representative cases is done by computir8p4ear mean for the present
(19922022) period and deriving the relative change to the end of the century for both precipitation and
discharge. We do not consider the S&4d, for reasons discussed above, and are left with a sample of 33
potential series. Remdvy' 3 062 NJ 4 Of ALIWMAY3Ié 0 (GKS Yzaid SEGNBYS OK
the most positive and most negative combined change, respectively. The mean case is dacitied
minimum Euclidian distance from the mean change of the in both variables for the whole sample.

27 FocusAFRICA Fultvalue chain Optimised Climate Ussmntric Services for Southern Africa (feafricaproject.eu)
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n=33, n clipped=1, clipped by=Mean Precipitation
Change in Mean Precipitation and Outflow from 1992-2022 to 2070-2100
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Figure6-1  The selected climate data representing the three chosen cases are displayed in the scatter
plot circled in black and annotated with their respective SSP and GCM. The scatter plots
change in lake outflow (Q) and basin average precipitation (P) relativehpresent
period. Three models under SSP3.70 are representative cases:B8RI12-LR (wet), GFDL
ESM4 (mean), NorESM2M (dry).

6.1.2 Hydrological Modelling

The hydrological modelling for this CIA is undertaken by Deltares in 2024 using Wflow adapting the scenarios
defined in the CIA and summarised in tabt¢.5The baseline model setup, calibration and historical (now

Wy SN YyIGdzNF £ Q0 &he Sk Bddfing RepodtBMulRcSrisud bitlal 62828a), Rs/such only key
changes and new developments are highlighted here. The primary changes to note are the widening of the
temporal boundaries for the baseline scenarios up to 202®1 to include and obsee the consequences

2T GKS GNRLAOFt Oeldf2yS WCNBRReQ FyR GKS ySO0Saal N
representation of those extreme$he wflow_sbm hydrological model is a fully distributed and epaurce
hydrological model (Wflow) with which the water availability for any location within the beaim be
calculatedwhilst making optimal use of the available global and local data.

6.1.2.1 Forcing and CHIRPS Gauge Adjustment

Primarily forcing is calculated from ECMWF ERA5 gridded daily reanalysis data (Hersbach H. et al. 2020),
reprojected and resampled to the model resolution using Hydromt, the Deltares core model building
platform. The temperature and variables needed tacaldte the potential evapotranspiration are extracted

from ERAS. Both the temperature and the pressure are corrected for using an elevation lapse rate.
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Precipitation data are provided as a gridded daily forcing and sourced fronCliheate Hazards Group
InfraRed Precipitation with StatiofCHIRPS) 2.0 Africa open data source (Funk, C. et al. 2015). CHIRPS is
primarily a remotely sensed product that assimilates gauge data where available to perform bias correction.
A noticeable lack of peaks in river discharge in the preliminary modefiggshighlighted that CHIRPS was

not capturing the extremes over the Shire Basin sufficiently. It was confirmed tteattine that direct,

dense ground observations withihe Shire Basin have not been made available and assimilated overlapping
with the present period and is the primary reason for underestimation. The CIA assessment with access to
up-to-date local rainfall seriesF{gure 62), allows assimilation more data to perform precipitation bias
corrections over the basin resulting in an adjusted CHIRPS dataset.

Gauged rainfall timeseries are provided to Deltares for 12 locations within or near the boundary of the Shire
Basin. At each daily timestep the bias is assessed between the grid cell and the most relevant gauge,
determined by snapping the coordinates of the gauge to the CHIRPS grid cells. This additive and multiplicative
bias is then interpolated using inverse diste weighting (IDW) to apply the appropriate offset in a manner

that is sensitive to the spacing of the observations. Bias is almost entiminaled at each respective site,

with RMSE reduced from 36mm to 1.7mm assessed over 120 timesteps. The behaviour of the IDW is the
primary uncertainty, whereby the any extension of the footprint of the rainfall is uncertain and may have
undesirable exaggation of storm footprints. We hope that this uncertainty is reduced significantly by the
existing remotely sensed observations between the gauge locations. This adjusted dataset forms the primary
precipitation forcing for all scenarios that do not havienalte change superimposed.

¢KS ySgte I RedadiSR /1 Lwt{ RFGF A& O2yaARSNBR (2

hybrid of local gauges and satellite observation, and so represents the reference cassl umilibias
correcting climate models for the Near Future and Distant Future scenarios.
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Figure6-2  (left) 12 locations (magenta) provide the rainfall bias adjustment to the CHIRPS data, those
locations are shapped to the grid of the CHIRPS data (cyan). (right) The correlation example
between the observations at Ngabmeteorologicalstation from 19922023 (blue) and after
bias correction we see that the systematic underestimation and number of dry days are
better reflected in the corrected product (orange).

6.1.3 Hydrological Scenarios

Three temporal boundariegroupsdistinguish thenydrologicakcenariosimulationsin this CIA, the present
(19922023), neaffuture (20462070) and distant future (207R100). For each scenario a Wflow model is
set up with the appropriate changes to the meteorological forcing, land use, inflows and abstractions as
described in table 8. The daily Wflow model utilised in this scenario analysis was calibrated over-the 10
year period from 1981992 and described in detail in the scoping report.
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6.1.3.1 Present- BaselineScenariol

Thisfirst baseline is described in the calibration and scoping pKds#ticonsult 2024a)we use Globcover
global landcover unmodified from the source to represent the present day landcover. The scenario is forced
with the same precipitation and forcing as with the baseline scenario (i.e. from-2@282) with a natural

inflow provided by Muliconsult resulting from a KABOM simulation with no infrastructure.

GlobCover Landcover Classes by Percentage of Basin Area

37.11
Mosaic vegetation (grassland/shrubland/forest) {B0%) / cropland (230%) %
25.71
Closed (>40%) broadleaved deciduous forest (>5m) %
16.56
Open (1540%) broadleaved deciduous forest/woodland (>5m) %
12.83
Closed to open (>15%) (broadleaved or needleleaved evergreen or deciduous) shrubland (<5m) %
Closed to opetf>15%) herbaceous vegetation (grassland savannas or lichens/mosses) 2.32%
Rainfed croplands 1.59%
Mosaic cropland (530%) / vegetation (grassland/shrubland/forest) {20%) 1.13%
Water bodies 1.11%
Mosaic forest or shrubland (500%) /grassland (230%) 0.42%
Closed to open (>15%) broadleaved evergreen or-slmmiduous forest (>5m) 0.41%
Open (1540%) needleleaved deciduous or evergreen forest (>5m) 0.27%
Artificial surfaces and associated areas (Urban areas >50%) 0.27%
Mosaic grassland (500%) / forest or shrubland (280%) 0.26%
Closed to open (>15%) grassland or woody vegetation on regularly flooded or waterloggeBresh
brackish or saline water 0.01%
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GlobCover LULC

220 Permanent snow and ice

210 Water bodies

200 Bare areas

190 Artificial surfaces and associated areas (Urban areas >50%)

180 Closed to open (>15%) grassland or woody vegetation on regularly flooded or waterlogged soil - Fresh brackish or saline water
170 Closed (>40%) broadleaved forest or shrubland permanently flooded - Saline or brackish water

160 Closed to open (>15%) broadleaved forest regularly flooded (semi-permanently or temporarily) - Fresh or brackish water

150 Closed to open (>15%) herbaceous vegetation (grassland savannas or lichens/mosses)

140 Closed to open (>15%) herbaceous vegetation (grassland savannas or lichens/mosses)

130 Closed to open (>15%) (broadl d or needleleaved green or deciduous) shrubland (<5m)
120 Mosaic grassland (50-70%) / forest or shrubland (20-50%)

110 Mosaic forest or shrubland (50-70%) / grassland (20-50%)

100 Mosaic forest or shrubland (50-70%) / grassland (20-50%)

90 Open (15-40%) needleleaved deciduous or evergreen forest (>5m)

70 Closed (>40%) needleleaved evergreen forest (>5m)

60 Open (15-40%) broadleaved deciduous forest/woodland (>5m)

50 Closed (>40%) broadleaved deciduous forest (>5m)

40 Closed to open (>15%) broadleaved evergreen or semi-deciduous forest (>5m)
30 Mosaic vegetation (grassland/shrubland/forest) (50-70%) / cropland (20-50%)
20 Mosaic cropland (50-70%) / vegetation (grassland/shrubland/forest) (20-50%)
14 Rainfed croplands

11 Post-flooding or irrigated croplands (or aquatic)

Figure6-3  GlobCover Land Use Land Cover Map, the spatial extent matches the spatial extent of the
hydrological model (source: ESA 2010 and UCLouvain
http://due.esrin.esa.int/page_globcover.php)
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6.1.3.2 Near NaturalScenario (early 1900)

To achieve a near natural scenario, intended to mimic hydrological response of The Shire Basin with a less
intensive land use modifications are apple to the static parameters before model initialisation. The land use
classes correspond to urban areas ariffedent types of croplands. To return to the conditions at the
beginning of the 20 century, we assume there was more forest present at that time, which has been cut in
the past decades, either for charcoal or to intensify agricultural produc{ss®e dso Table 51) Therefore,

the original vegetation classes have been remapped to forest. This means that the original classes were as
follows:

- 20: Mosaic cropland (500%) / vegetation(grassland/shrubland/forest)
- 30: Mosaic vegetation (grassland/shrubland/forest)-@®b) / cropland (280%)
- 190: Artificial surfaces and associated areas (Urban areas > 50 %)

These are now remapped entirely to forest, represented by the following land class:
- 50: Closed (>40%) broadleaved deciduous forest (>5m)

Hydromt and Wflow use land cover class lookup tables to derive maps of physical static parameters per grid
cell. In practice, increasing forest landcover in the Wflow changes specific physical parameters at affected
grid cell, where the magnitude of changell depend on the class of change. Two parameter classes are
affected, cyclical and static. The annually cyclical parameters derived from leaf arealiAllexd changed

at locations coincident with afforestation. The Wflow SBM concept can derive cyclical interception
parameters affecting actual evapotranspiration from the soil as a result of the now larger, interception
storage capacity.

Static parameter changes associated with afforestation can either be related to the surface or subsurface.
Land surface roughnes§)(is generally higher slowing the overland flow, specific leaf stor&jas(
moderately decreased, woody vegetation storageqod is significantly increased. Subsurface parameters
affected include a increase Kax, the extinction coefficient used in determining the canopy gap fraction (van
Dijk and Bruijnzeel 2001) and a significant increase in the rooting (approxirgataty).
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GlobCover LULC

220 Permanent snow and ice

210 Water bodies

200 Bare areas

190 Artificial surfaces and associated areas (Urban areas >50%)

180 Closed to open (>15%) grassland or woody vegetation on regularly flooded or waterlogged soil - Fresh brackish or saline water
170 Closed (>40%) broadleaved forest or shrubland permanently flooded - Saline or brackish water

160 Closed to open (>15%) broadleaved forest regularly flooded (semi-permanently or temporarily) - Fresh or brackish water

150 Closed to open (>15%) herbaceous vegetation (grassland savannas or lichens/mosses)

140 Closed to open (>15%) herbaceous vegetation (grassland savannas or lichens/mosses)

130 Closed to open (>15%) (broadl d or needleleaved green or deciduous) shrubland (<5m)
120 Mosaic grassland (50-70%) / forest or shrubland (20-50%)

110 Mosaic forest or shrubland (50-70%) / grassland (20-50%)

100 Mosaic forest or shrubland (50-70%) / grassland (20-50%)

90 Open (15-40%) needleleaved deciduous or evergreen forest (>5m)

70 Closed (>40%) needleleaved evergreen forest (>5m)

60 Open (15-40%) broadleaved deciduous ferest/jwoodland (>5m)

50 Closed (>40%) broadleaved deciduous forest (>5m)

40 Closed to open (>15%) broadleaved evergreen or semi-deciduous forest (>5m)
30 Mosaic vegetation (grassland/shrubland/forest) (50-70%) / cropland (20-50%)
20 Mesaic cropland (50-70%) / vegetation (grassland/shrubland/forest) (20-50%)

14 Rainfed croplands

11 Post-flooding or irrigated croplands (or aquatic)

Figure6-4  Modified GlobCover Land Use Land Cover Map prepared by Deltares representing conditions
at the beginning of the 20 Century.

6.1.3.3 Present¢ Trended PasScenario (1992023)

This scenario is intended to simulate a changing landcover within the temporal bounds of the present
situation. The forcing is the same as baseline 1 with the observations at Liwonde forming the upper boundary
condition and adjusted CHIRPS forming the primmeteorological forcing. Within an active Wflow
simulation it is not possible to implement a gradual change in landcover, since LAl is a cyclic property that
determining interception on an annual basis, following an estimated annual vegetation goyetdn Our
approach compromises to simulate gradual landcover change by setting up models that simulate discrete
periods with differing landcover. The preceding model state at the final timestep can be used as a warm start
to the latter model, and the rasgting timeseries can be stitched.

To achievehis, we research the master plan, satellite observations and existing landcover datasets from
1992 to 2023. The prevailing consensus is that forest cover has changed in this time to decrease by
approximately 1015%, primarily resulting in an increase in thesibaproportion of grass and croplands,
resulting in the current proportions of present day landcover (Figuh.6Two simulation periods are
identified, whereby the pre 2002 simulation will have a 1&8gerbroadleaf forest cover relative to present
dayat the expense of grassland. The landcover change results in surface and subsurface property changes.

6.1.3.4 BaselineScenaria2 (2030)

The near future scenario that constitutes baseline 2 is practically the same as baseline 1, with some near
future Shire Basin development schemes implemented. Wflow is not capable of
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Figure6-5 The Shire Valley Transformation Project is actively converting land within the SVTP zones
(yellow, above) into active irrigated crop and pasture lands amounting to approximately
43k targeted hectares in.

simulating complex hydropower operational changédse when Mpatamanga HPP becomes operational (this

is however undertaken in the hydropower modelling as described in Se6t®)n so the hydrological
simulationsfocus on the changes in water balance and landcover. The Shire Valley Transformation Project
(SVTP) promises to expand and intensify the agricultural usage of land in the SW portion of the basin, south
of Chikwawa, to a maximum of 43K Ha. For this intmagibn new irrigation canals are beingibto convey

a maximum of 50! to the area from the reservoir at Kapichira. This is the only abstraction that is
significant to the hydrology (>1i®) within this period, returns to the main channel are not significant within

the tributaries that flow to the ShiréMulticonsult 2024a, Scoping Report, Volume Return flows are
reportedly less than a few percent, and thus negligible to include in the modelling.
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Water demand in llloco Synthetic Abstraction at Kapichira
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Figure6-6  (left) Water demand from lIllovo reported in the scoping phase of the CIA yields a
pattern of seasonal demand for agriculture in the region. (right) A simple model fc
water demand per week conveyed by the SVTP irrigation canal from Kapichira

We derive a simple cyclical model based on theegk precipitation mean, compared to ti3@-yearmonthly

average, combined with the estimated annual demand reported by a primary agricultural stakeholder, Illovo,

a sugarcane company operating in this region. Both phases of the SVTP are intended to be complete by 2035
and thus we apply a landcover chggn within the planned regions from both phases, converting any
unprotected land within the designated SVTP zones to agricultural (Globcover class 20: Mosaic cropland).

6.1.3.5 Near Future Jand 2 Scenarios (2035)

The Near Futurel and 2 Senaric®, intended to represent the Zb5-2070 hydrological conditions,
implements further landcover intensification and further abstraction within the Shioeind the Ruo in line

with the Ruarrigationscheme, adding to the agricultural coverage already implemented in baseline 2. More
abstractions are incorporated to reflect the aspirations of ifngjationmaster plan 2035 (REF) in addition to
the irrigation canal at Kapichira. We apjalgiditional abstractiors at Walkers Ferry (3.73®!), Lisungwe
(3.17n?sY), RiviRivi (1.248%) and the Ruo (1.14%8"). These abstractions are not notably cyclical and are
thus considered constant losses to the system, representing the only abstractions impleme tiedMfiow

that directly affect the tributaries to the Shire, and may have a small impact during low flow periods.

6.1.3.6 Near Future 3Bcenario (with climate change superimposky 2035

Static landcover adopted frofdear Future 1 Scenariaemains unchanged in the third near future scenario.
This model differs in that it is forced with the adapted climate data from DCCMS for our three chosen cases.
Under SSP 3.70 the three G.C. models (GCMs) chosen areESHBL(mean), MAHSM12-LR (wet),
NorESMZ.M (dry). Similarly to the underestimation previously discussed in the original CHIRPS dataset,
extremes are not well captured in the reference (194®23) period for the precipitation data praled. The

lake outflow data for the climate scenarios are also positively biased, with inverted seasonality.

It was necessary to apply biasrrection of the simulated discharges using a quantile mapping approach
(Cannon et al., 2015). Empirical quantile mapping is essentially transferring the probability distribution

28 Hydrological conditions
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function (pdf) of simulated timeseries to the pdf of an observed timeseries for a given station by defining a
transfer function.
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Figure6-7  Plots of yearly freewater for the reference (blue), biased modetange) and the correctec
models for the NorESM2M dry case lake outflow.

The bias corrected model in the provided example and in the other relevant corrected models successfully
corrects for the inverted seasonality of the lake outflows. The transfer function is saved and applied to the
climate data beyond the reference periadto the future.

Precipitation has a similar seasonality problem, with a significant underestimation in intensity. Empirical
guantile mapping over the basin is similarly employed as with the lake outflow, this time using a 2
dimensional grid, training a transfer functionevery pixel. In the comparative example given below we see
an example of the preand postcorrection comparison for basin average precipitation over the Ruo subbasin
basin. The reference model seasonality is inverse to the given model which is nassultgeorrected. The
magnitude of the extremes in precipitation is, however, well corrected with multiple peaks over 56immd

the adjusted product, that reflect better the magnitude of the reference. Across the reference period a
cumulative bias of680mm is evident (0+0.22mmd") within the provided data, the bias is reduced in the
corrected model to +189mm (or 0.06mnid

Seasonality discrepancies are not well addressed in the precipitation bias correction, when compared with
the successful seasonal inversion of the lake outflow. This can be explained by the prominence of zero values
in the uncorrected dry season precipiian data, since quantile maps are built by grouping monthly data to
train a set of multiplicative factors. Ideally, bias correction of the precipitation forcing for this seasonal data
would be applied in an earlier phase. It was decided however to prosgbdhe simulations with reduced

overall precipitation bias, preferring events that dreer to reference for the resulting flow magnitudes.

Scenarios are simulated with a precipitation and boundary inflow from all three GCMs (now corrected)
representing the probable range of wet, mean and dry futures.
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Precipitation Models Over the Ruo Subbasin
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Figure6-8 A comparative plot covering the reference period used for quantile mapping of the
precipitation data provided by DCCMS (black).

6.1.3.7 Near Future 45cenario (2035)

This trended scenario attempts to mimic catchment restoratidrerosion hotspots areas identified in the
sediment study (HR Wallingford 2023) ayahls of MWASIRhe latteraWB fundedvatershed improvement
project that refers to significant catchment regeneration intended to reduce sedimentation by targeting
hotspots in the basin. Whave beensupplied with sedimentation hotspots over the Shire BasinHB
Wallingford delineating areas with varying rates of soil loss.tiém resamplel the sedimentation hotspots

to the model resolution and assurdehat these will form ranked targets based on the erosional intensity.
Similar to the trended past scenario, where we created two separate models to simulate landcavgesha
over the desired simulation period. We credteultiple models that are built to represent decadal changes
in forest cover.

Afforestation within the Wflow landcover maps prioritised the areas of most severe sediment losses within
the erosion hotspot areas of HR Wallingford and M@/ASIP regeneration target areas. Once all the target
areas within the MWASIP areas are reforested, sewgosion hotspotareas outside of MWASHPare
mapped to forest until the target of 30% reforestation within the basin is achieved. We dettideit is
unlikely that urbanised areas would be reforested, or areas that have been part of the SVTP or Ruo
agricultural initiatives. This trended scenario is forced with climate data from the identified wet, dry and
mean cases, including lake outfloapplied as a boundary condition at Liwonde, replacing the observation
series implemented previously.

29The HR llingford hotspots areas from the sediment study.
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Figure6-9  The prioritised zones for the MWASIP program, the first areas in our simulation to receive
afforestation.

Within this NF3 scenario, the 28-50 period incorporates +10% forest cover, 2@Dis +20% and the 2060
70 is +30% relative tNear Future 1 Scenario forest cover.

6.1.3.8 Distant Future 1Scenario (2070)

Distant Future 1 maintains the same forest cover as the baseline 1, the abstractions and developments of the
nearfuture scenario but is simulated with the three climate models for the period ZAD. The scenario
is run for each of the wet, mean and drgses.
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6.1.3.9 Distant Future 2

Distant future 2 differs from DF1 by incorporating a significant afforestation target relative to present day.
Regenerative practices within the basin are targeted within areas presenting severe erosion, firstly in
MWASIP identified zones and severe areaiside of MWASIP in order to reach a 50% afforestation target.

6.1.4 Water Resourcedssessment

For the water resources situation, no modelling is required as most of the water abstractions are isolated
occurrences without priority settings or conflicting interests that would warrant a modelling effort. In the
Scoping report, an overview is providefithe various water demand sectors, both for the present situation
and for the future situations, with an emphasis on the SVTP irrigation development. For detailed information
on the water demand situation, reference is made to the Baseline status sunimifugy CIA Scoping Report,
Volume 1 (Multiconsult et al. 20244a). In Chapter 7, a summary is provided of the most salient points on water
demands in the Shire basin.

6.2 Sediment Modelling

With the modelling we aimed to simulate the hydraulic conditions and sediment conditions in the reaches
around the selected ES sites (with selected VECs). The baseline (or historic and peeieretit loads are
already derived and presented in the study of HR Wallingford (2023). These are annual loads at specific sites,
but do not yet provide a time series with daily discharges and sediment loads at the ES sites. This relevant
information is reeded for more detailed assessment of the geomorphology in the Shire and its tributaries for
the DRIFT ESM assessment (Vai@ 3to this report).

For the sediment modelling of the scenariage used computer models that simulate flows and sediment
transport in reaches of the river and predict the changes in bed level as function of space and time
(morphodynamics). We separated the larggale longerm channelshape development from more rapi
smallscale changes in the riverbed. Laggmle is tenths of kilometres and several decades, while small scale

is channel width or less than a kilometre and periods up to a year or less. Note thas¢atgehanges in

bed level, covering processes such as overalldegtadation along tenths of kilometres, will be simulated

Ay I aSLINFYrdS Y2RSttAy3a STF2NI Ay (KSAmesSiRADSY 0 |
modelling approach. It was exgied that this 1D model effort would be able to provide the required/a@ar

time series of sediment discharges at the DRIFT ESM sites in the main branch of the Shire River.

902t 23A0Ft NBtSOIyld StSYSyida GKIG FNBE y2i 020SNEBF
sand bars, bank erosion and bank accretion, and floodplain (lake) deposition. These features can be
considered as variations in cressctions and ar@ot captured in a 1D crossection average approach. For

this purpose, we introduce several local tdamensional (2D) models (deptverage) which calculate bed

levels with much more details along the reaches and in esestons. Because these model® amore
computationally intensive (i.e., with long run times and high data demand), we apply them only to reaches
that cover the relevant ES sites. In the 2D modelling approachigveotl aim to run longierm simulations

covering the full length of the river. The approach focuses on the local-sozdimorpho dynamicssuch as

sand bars and bank erosion risks which are sterh responses (mostly seasonal variations and flood
events). Combining the largecale changes over long periods of time from thendi@lel (Sediment Study)
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and these detailed shoiterm 2D results, weauld still simulate the longerm effects that we will assess for
the scenario analyses. Nevertheless, it is possible to run some of the smaller 2D models for pe8idds of
years.

Requirements on the modelling approach are based on the observed geomorphological and sediment
condition of the Shire River and its tributaries in 2023 sediment missions. Fodittezent river
reaches/zones we have chosen the following approaches:

1 The steep reaches of major tributaries and the Shire Riveang downstream of the Mpatamanga
dam, upstream of Kapichira: abundant sand bars on banks along an otherwise rocky channel caused
by a large input of sand from catchment erosion. The 2D modeininic these sand bars and sand
waves migrating downstream, mostly along the banks, over aanodible substrate. The present
volume of sand stored in sand bars in these sections is not known, but assumption will be made on
the thickness of these sandhmes.

1 The Shire River downstream of Kapichira dam, downstream reaches of tributaries: these reaches are
fully alluvial, with sandy riverbed. During normal flows, these reaches have a large width to depth
ration, which causes development of migrating {ew chanels with sand bars and eroding banks.
These variations in crosection can be reproduced when careful choice of parameters that
reproduce processes in river bends and curved channels.

1 The Elephant Marsh receives much of the fine sediment during high flows, whereas it spreads over
inundated wetland sections. The concentrations of fines can be derived from the 1D models and
ASRAYSYy(l eAStRa la OFfOdzg I GBR{ baxRA&wd 2 | f £ Ay 3T 2N

1 The riverbed has shown to have been altered severely during the recent tropical cyclones, with
transitions in channel width, major bank shifts, and changes in-bandleposits. Generally, floods
are the main driver of thesmorphodynamicathanges in this basin, as they come along with large
sediment yields. A separation between average conditions and pulses by (extreme) events is
relevant. The 2D models will simulate full unsteady conditions, which allows running it with time
varying flooddischarges.

9 Itis uncertain how resilient the system is to large gradual changes in conditions (for instance by dams,
or by climate change) and to extreme pulses (for instance, can river channel return to a dynamic
equilibrium after it was highly perturbed by an exire event?). With the interpretation of the model
runs we will consider these questions in relation to VECs.

For the reaches in the main Shire River, we defm@&umber of separate 2D models, where some of the ES
sites can be covered in 1 model, where others will have individual sub models. In tributaries the ES sites can
be defined as individual models. Not for all the ES sections in the Shire upstream ofripgdam we

will develop 2D models. Notably the section at Lisungwe confluence because that is already covered in the
reservoir sedimentation study of HRW. For the Lisungwe we anticipate a single 2Dantbdeselected ES

site.

Each of the 2D models will have a length of several kilometres to tenths of kilometres (e.g., main river
downstream of Kapichira). The 2D models consists of a-lbnedr grid, with initial bedevel and bed
composition for each grid cell. For each get we compute flow conditions (depth, velocity), sediment load,
and bed level as function of time. To illustrate the resolution of this model, i.e. how many grid cells are
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available in a crossection and along the channel, we show and example of the model grid of the Shire River
near Chikwawa in Figuré-10 shows an example of the model grid of the Shire River near Chikwawa
(downstream Kapichira dam). This grid also covers the flood plain and the lake witDES Site (see Vol 2

to this report)

Figure6-10 Curvilinear grid covering the main channel and flood plain (including the lake) of the Shire
River downstream of Kapichira dam. Mesh size is in the order of 20 to 50 m.

Another example is shown in Figusell, illustrating the projection of LIDAR bed topography on the eurvi
linear grid near the confluence of the Nkulumadzi River and the Shire River. For this purpose, we average the
asciiraster data from the LIDAR per grid cell. The LIDAR ascii raster hahdigler resolution than the
intended grid size of the models. As the LIDAR does not penetrate through the water surface, the wet parts
of the LIDAR are adjusted (removed and redefined) using the measureesexipss.
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Figure6-11 Lidar topography (upper figure) and ifgrojection on the curvlinear grid at the Lower reach
of the Nkulumadzi tributary and Shire confluence (lower figure).

For thescenarios the 2D models will be executed for at least a period of 1 year to cover the full annual
hydrograph (low flows and high flows) and the fluctuations in bed level that can be associated to these flow
variations. By superposing the lotgrm bedlevel changs from the 1D simulations (of the Sediment Study)

we can make prognoses of béslvel changes for the full 3gear period. A separate model run for an extreme
event (cyclone) is used to judge the effect of the flood pulses.
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6.3 Hydropower Modelling

Hydropower modelling is performed using a edienensional hydrodynamic simulation model, with
regulating (flow controlling) features, equipped with a complex combination of power production schemes.
The core of the model is a combination of different, poesly developed models, applied for the same river

in other projects. After merging these models, the result still had to be heavily modified to adapt to the
modelling concept of the present study.

The resulting model features cover 500 crgsstions, dam profiles, 6 river regulating structures, each with
several control conditions, and over 30 pesturce inflows from tributaries, while the main inflow is to Lake
Malawi. Separate model variatiotmve been developed for each hydrological and climatic scenario, and
regulation strategy

6.3.1 Hydraulic model

The software used for developing the model was Mike+ 2024 Updatevkeloped by DHWe employed the
GwWADBSNI ySg2Nl ¢ FSHFGdzNE 6A0GK dal @RNBReylFYAO o061 50¢
inflows to the river, and other timseriestype model parameters, like timdependent control rules, were

O2y @SNI SR tim@sefesfileRa& LIBay Y NJ SR aRTané o

6.3.1.1 Model geometry

The model geometry has been constructed as a combination of previously surveyed cross sections from
different time periods, as well as the openly available SRTM DEM. This has been extended with interpolated
cross sections to improve the numerical stabitifythe simulations. All model variations share the same
model geometry, which means that daonest elevations are nohecessarilyrepresentedwith correct
elevationsin the cross sectiongyut instead thetotal discharge at dams are controlled by the model
independently from theprofile capacity in the modeThis wayboth the existence and absenceaniy of the

dams can be simulated using the sammdelgeometrydata.

River cross sections had to be manually exteridazhses where surveyed data did not cover the entire flood
zone. In theseasesSRTM DEM and neighbouring cross sections gave guidance on estimpdigeaphy.
This procedure introduces some uncertainty to the total capacisecfions of the river.
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Figure6-12 Hydraulic & hydropower model layout
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6.3.1.2 Regulating structures

Kamuzu BarragédNkula, Tedzani, Mpatamanga and Kapichira dams are represented by disobratrgding
features in the model. These features control this charge at certain points based on calculated or observed
conditions somewhere else. These conditions typically are water levels upstream from the control section
(For instance highest regulatéslvel and so forth), and dates or seasons. In order to be able to simulate river
regulation in this fashion, regulating rules had to be simplified in such a way that single rating curves
(functional relations between discharge and water level) are used €ach regulation condition.

/| 2yaSldsSyidtes aSLINFridS RAAOKINHS O2YLRYySyida adzOK
are combined into single values at each time step. The advantage of this modelling approach is that complex
structures ca easily be turned on and off as single elements for the sake of different simulation scenarios.
The table below show the main regulating levels of the considered dams

Table6-1 Main regulating levels othe considered dams.

Regulating structure Reservoir HRWL (m) Reservoir LRWL (m)
Kamuzu Barrage 475.72 473.5

Nkula 376 374.5

Tedzani 318.53 315.75
Mpatamanga 276 273

Mpatamanga regulating 213 206

Kapichira 147 144

Overflowrating curves (dischargeservoir level relations) have been estimatasing dam geometry and
availableplans.Operationof hydropower damss modelledby sequentially evaluating a set of conditians

an objective and logical order, and therefore may differ from wimatpractice is performedAt each
regulating structure parameters from the preceding timestéypically water levels in the actual reservoir)

are comparedwith conditions ofthe predefined set of rules, ipriority order. To improve stability of the
Y2RSt>X SIFOK NHzZ S Aa | LILX ASR T2NJ I YAsghaxahoaeéthd set2 dzy (i
of rules for Nkula is shown below:

Table6-2 The set of rules for Nkula HPP.

Rule Condition Action to apply @ Block Description
priority time
[min]

1 [Nkula_WL] > 376 Nkula overflow | 50 If water level in the reservoir is ove
HRW

2 [Nkula_WL] <=374.5 | Minimum flow | 50 If water level inthe reservoir is
under LRW

3 [Nkula_WL] <=372.231]| Block flow 10 If water level is below the highes
bed elevation inside the reservoir

4 [Nkula_WL] <= 376 Nkula optimum| 10 Otherwise

for the date
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An additional rule applies for Mpatamangegulating dam (in the scenarios where relevant). The flow
downstream from the dams should be similar to the daily mean from the preceding day upstream from the
Mpatamanga main dam, unless extremes apply. For the scenarios that includes Mpatamanga janat has
operation, we have also implemented a similar rule for Kapichira dam.

Kamuzu Barragés regulated differentlyHere the actual level of Lake Malawi is considenatiich are
compared to seasonally varyitignits of rangesThe varying limits are provided as timesem@siput to the
model, so thatregulating levels are related @ates during simulatios. In addition to that, food capacity is
increased in casahen water leves exceedHRWL by at least 0.2m to minmeanoeuvringcapabilities
compensating for extreme high lake levatghe barrage.

6.3.1.3 Reservoir volumes

Storage volumes at Nkula, Tedzani and Kapichira dams had not been surveyed in the present study. The
available information gives a very blended picture on the acttatage availablefor regulationtoday.

Attempts have been made to find the most realistic and still reasonable volumes, but this parameter bears
high uncertainty. Technically, volume values in the model are linked to single cross sections, where simulated
water levelsare linked to dam operations dlew control at the structure. These crosscions are referred

G2 S§aaNBeé Ay (GKS Y2RSt o hyte | OGADBS @2ftdzyS Aa Ay
by elevationlevels defined with fingesolution. The following table shows the volumes considered in the
model, inmillions of nf:

Table6-3 The volumes of the HPPs considered in the model

Nkula Tedzani | Mpatamangal Kapichira
1.125 0.6 59 1.35

6.3.1.4 Boundary conditions

The main inflow to the model is not coming from the hydrological simulations. Instead, historical inflow, also
1y26y a GaCNBSsFGSNE G2 f11S alflgA A& OlKadwzi | § SR
Barragé.iwonde. This is the upper boundary condition in the model. Since the main purpose of the model is

to simulate flow to generate hydropower, it is necessary to mimic all regulating elements operated for this
purpose. The first of these element¥iamuzu Barragevhere operation determingLake Malawi (regulated)
outflows. The historical (observed) flows at the Barrage do not always correspond to what is ideal for
regulation, which principle our model needs to follow on the other hand, and therefore model simulations
may give results deviimg from observations at certain times

Furthermoreinflow to the model is divided intoBadditionalpoint-sources along the entire reach, as shown
in Figure 612 The values at these locations are taken directly from the hydrological simulasimee river
NE3Jdz A2y R2y QG I FFSOU GKSYO®

Hydraulic roughness along the river reaches, has been reused from the previous studies, completed in
2012/13 and in 2018. At interpolated cross sections, roughness has also been interpolated. The river channel
is typically divided into 3 zones using difiet roughness values. Adjustments have been made in the vicinity

of dams, to improve simulation stability.
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6.3.1.5 Initial conditions

Initial conditions, especially water levels at Lakelawi highly influence the model results in the entire
simulation period. Preliminary model runs are performed to achieve stable conditions in the entire stretch
from Lake Malawi to Elephant Marsh, as well as reaching a correct lake level at the gtaitingf the
simulation. The preliminary runs are then used as starting points for the complete simulation of the actual
scenario. From the preliminary runs, a situation is selected when Lake Malawi level is at 474.70 m, as
observed on 2 Jan 1992, startidgte of Scenarios-& (see table below). For simplicity, the same starting
elevation is selected also for the climate change scenart. 7

6.3.1.6 Model variations

Separate model versions had to be prepared for the different scenarios. Different hydrological conditions
including but not limited to actual climatic and runoff features changing both in space and time, seasonal and
sub-daily variations of the demand ftwydropower and the different grades of development of various other
power sources, all need to be combined into a single set of boundary conditions for each variant of the
hydraulic model. This resulted in the following set of simulations.

Table6-4 Model variations for the main scenarios.

Scenario M|keﬁ||:ode| from to Input TS file Turbine flow
~ N None
Near Natural > 2 S historic full results (Mike: all HPP turned off in Direct
Scenario (1) Z H - - = discharges & all control turned off
3 3 = Control rules)
Historical o Q Series_Turbine_flow_1992023
trended Scenario = o © historic_trended - — =
I — I Sc2
@) I 3 5
(%)) 9\ —l
Baseline Scenari o Q . Series_Turbine_flow_ 1992023
i <)) © baseline_1_full_results
1(3) e = N Sc3
8] = 0
n N —
Baseline Scenarii © -
2 without &g > & . Series_Turbine_flow_1992023
m g o)} © baseline_2_full_results
Mpatamanga g s « N Sc41l
Operational (4.1) & 2 3 @
Baseline Scenaris -
2 qwith NI o Q
m o o)) © baseline_2_full_results Series_Turbine_flow_2038c4.26
Mpatamanga 9 s — N
Operational (4.2) & & R
Near Future
Scenario &, NN > Q . .
. . L o)} © NearFuture_1 full_results Series_Turbine_flow_2038c5
Business as Usui z = N
Pathway (5) & : 2
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Scenario Mlkeﬁlr;\odel from to Input TS file Turbine flow
Near Future
Scenario Z, ~ § Q
Business as Usui % ® Q NearFuture_1 full_results Series_Turbine_flow_2038c4.26
+ Joint Dams B i 0
Operation (6) n N =
Near Future
Scenario ¥
Business as Usui 1:NearFuture_31_GFEESM4
Pathway + Joint ; S 2 = S 2: NearFuture_32_MFESM12-LR  Series_Turbine_flow_2038c7#3
Operation + =254 Q & 3:NearFuture_33_NorESM2
Climate Change 'S5 'S o) )
Near Future
Scenario £
Sustainable
Pathway
(including energy 1: NearFuture_41_GFESM4
transition and 2: NearFuture_42_MFESM12-LR  Series_Turbine_flow_203Bc?8
catchment o 3: NearFuture_43_NorESMM
mitigation) + b o 2 o
Joint Operation + S 5 5 S <
Climate Change B8 3 R} o} o
Distant Future o
Scenario &, 299 g o L DistantFuture 11 GFESM4
Businessas Usui K &5 & S ~ 2: DistantFuture_12_MFAESM1 Series_Turbine_flow_2038c910
plus Climate 2R < 3 3 DistantFuture_13_NorESMM
Change (9) nono 3 ™
Distant Future
Scenario Z,
Sustainable Scl16DF2.1 =] 1: DistantFuture_21 GFESM4
Pathway + Joint Sc1GDF2.2 3 < 2: DistantFuture_22_MFESM1 Series_Turbine_flow_2038c910
Operation Sc16DF2.3 < ﬁ 3: DistantFuture_23_NorESMM
+Climate Change — =

6.3.2 Operation ofKamuzu Barrage
6.3.2.1 Purpose of the barrage

Kamuzu Barrageontrols the release of water fronake Malawi andegulates the lake with about 2 meters.
The effect of the barrage is mainly to move flow from the wet season to the dry season, which is illustrated
in Figure 613.
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Figure6-13 Effect of the barrage orshire Riveflows.

6.3.2.

2 Release strategies

Release fronKkamuzu Barragis decided based on a tool called KAB®Emuzu Barrag®peration Model.

This model forecasts the water level in the next year based on a stochastic model, and suggest a release of
water so that the lake water level will not go above the highest regulated water level or the lowest regulated
water level in thenext 12 months.

We have not implemented KABOM in the hydropower operation model, but chosen a simplified strategy for
the release of water depending on the water level and the time of the year. This is illustratepline 614.

The release strategies are as follows:
Very low water level. Gates are set in an open position

A.
. Save water. Release 130 m3/s
Release to satisfy the demand of downstream water users
. Flood control. Release 450 m3/s

B
C.
D
E. Very high water level. Gates are set in an open position
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Kamuzu Barrageperation rules used in model
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Figure6-14 Operation rules AE used in the MIKE+ model to control the release from the barrage
6.3.2.3 Release goal

In strategy C, we need to know the demand of the downstream water users. This includes hydropower,
irrigation and water supplyThe required river flow for hydropower generation has been calculated for the
different scenarios based on the electricity demand.

We have used two different time series for water demand for irrigation, one for scenarios 2 and 3 (historical
and baseline) and one for the future scenaridssumed water demand each month can be sedfigare 6

15. Water demand in scenario-2 is based on the demand of the lllovo estate, while water demand for the
future scenarios is based on the feasibility report of the Shire Valley Transformation RKgeea Rural
Community Corporation, 2017)

Other water demands, including Blantyre drinking water, environmental flow and leakages from the dams,
is set to 20 m3/s for all scenarios. The required flow per month of the year for 2023, 2030 with Mpatamanga
and 2030 without Mpatamanga can be seerFigure 616. For the historical scenarios, the required flow
varies with-50 m3/s to +10 m3/s compared to 2023. The lowest required flow was just after Kapichira was
set in operation(2001-2004) while the highest required flowvas in 20142016 when there wa a jump in

the electricity demand.
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Figure6-15 Water demand for irrigation
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Figure6-16 Required flowat Nkulafor some scenariogBaseline 1 (blue) and Baseline 2 with (red) and
without (green) Mpatamanga

Figure 616 shows the required flow at Nkula dam. The required release fik@muzu Barragm order to
have this flow at Nkula will normally be smaller, as there are several tributaries flowing into the river between
the barrage and Nkula. To find the release goal, we have subtracted the tributary flow from the required flow
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in Figure6-16. If the resulting release is less than 130 m?/s, we have set the release to 130 m?¥/s. Otherwise
we have used the calculated flow.

Note that KABOM also reduces release based on the recorded flow in the tributaries

6.3.3 Mpatamanga HPP

The peaking capability of Mpatamanga HRM be essential for the Malawi power system. Without
Mpatamanga there will be large load shedding during the peak hours imtraing and in the evening, as

there is not enough capacity in the system. Even in the wet season, in 2030 there is about 200 MW missing
in order to be able to meet the demand. The missing capacity could possibly be imported from Zambia or
Mozambique wherand if the planned transmission lines are working at full capacity, but given thgsdala

the construction oMOMA, it is likely that the construction of the transmission lines will not be able to keep

up with the increasén electricity demand.

6.3.4 Joint Operation of Dams and HPPs on Shire River
6.3.4.1 Optimization of Power Production

All the hydropower plants on Shire River uses the same water, and joint operation is essential to be able to
utilise the water as efficient as possible. Without joint operation, the required release Kamuzu Barrage

would be equal to the peak turbine flow. The difference in flow requirement can be seen in Fgjard be

dotted line shows the observed flow at Liwonde. If the available flow is less than what is required, the
hydropower plants are not able to meet theectricity demand, and there will be load shedding, with large
consequences for industry, businesses and households. As can be seen from-Eiguaes6enario without

joint operation would have much more load shedding than a scenario with joint oparabote the
calculation of joint operation assumes that the active storage in Nkula, Tedzani and Kapichira are at least
0.75, 0.40 and 0.90 million m3. If the available reservoir volumes are smaller, the effect of joint operation
decreases.
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Joint operation
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Figure6-17 Required flow with and without joint operation.
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7 OVERALL ASSESSMENT RESULTS OF THE MPATAMANGA CIA IMPACT PATH
NETWORK ANALYSIS

This section constitutes the overall assessment of the Mpatamanga CIA Impact Pathway Network Analysis. It
includes also an assessment of the main drivers of change, stressors, primary and secondary impacts towards
the selectedmain VEC grougdsr each scenario. Details on impact for selected indicators for each VEC group
areoutlined in Section 8.

7.1 Historical Events Affecting the Shire Basin

In any river basin, an understanding of past major events and their effect on the river and catchment
ecosystems and the people that depend on it is vital to contexdeidlie present and potential future
changes in that ecosystem and on those people.

t NA2N) 02 mMpnnI GKS {KAMB2RERAY 6aR ANRZIONNMOBR I &N
explorers first ventured into the Shire Highlands, they were struck by the abundance of streams and rivers
featuring crystaklear water, even during thelry season. Equally impressive were the lush fringes of
evergreen forests that typically bordered these watercourses, particularly at 760 to 1200 masl, where these
riparian forests thrived. Within the forests, one could find towering evergreen trees, séen high. Many

of these trees, includinghaya anthothecdmbawa),Adina microcephaléchonya), andridelia micrantha
(mpasa) were valuable timber sources used for furniture and other household items (Chapman and White
1970; Whiteet al. 2001; Morris 200¢ all in: Morris 2016). Since then, Shire River Basin has become much
more densely populated (see also Tablgin Sectionb), putting pressure on the basin ecosystems. Several
major historical events have also affected the aquatic and terrestrialystems of the Shire, many of them
directly related to the interplay between human pressures (deforestation, -6ghing, transformation of
wetlands), inchannel infrastructure (barrages, hydropower plants, bridges, and embankments) and also over
the pastdecade extreme weather events (tropical storms and cyclones). This section provides an overview
of the main such events (Tabfel), drawn from the available literature. It does not claim, nor is it intended,

to be exhaustive.

Additional detail in terms of disciplirgpecific impacts and knoakn effects linked with some of these are
discussed further in the sections that follow. A timeline for events specifically affecting the Elephant Marsh
(Birkheadet al.2022) is shown in Figui2.

Table 7-1 Key historical events affecting the ecologidategrity of the rivers in the Shire Basin.

Consequences for thbasin
ecosystems

Movements of hippopotamus
(Hippopotamus amphibigsand
elephant (oxodonta africanpa
create incised, vegetaticfree
pathways on the floodplain and in
the Marsh through which water ca
flow during flooding, diverting
water and sediment into adjacent
areas. These are valuable fish
habitats.

Date Event References

1900onwards | Loss of megafauna Mosopeleet al.(2009)
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Consequences for thbasin

Date Event References
ecosystems
Hydrology
Lake Malawi levels dictate the
19001940 Lake Malawi levels low baseflows in the Shire River,
particularly prior to the
- , construction of theKamuzu Birkheadet al.(2022); Bhave
19411970 Lake Malawi levels medium Barrage Higher baseflows translat et al. (2020)
into greater flooded areas, such a
1971-:1990 Lake Malawi levels medium wetlands and lakes in the Lower
Shire River.
In-channel infrastructure
Chiromo Bridge and railway
1907 ] )
embankment constructed | Changes in the extent of lakes in {
1948 Chiromo Bridge and railway |southern portion of the Marsh
embankment washed away |linked to construction, and Birkheadet al. (2022)
New Chiromo Bridge and subsequent breaches and repairs,
1949 railway embankment the railway embankment
constructed
Bundconstructed across the | Probably no longerm impacts but
1956 Shire River to prevent outflow would have reduced dry season |Birkheadet al.2022
from Lake Malawi flows in the Shire for a short time.
TheKamuzu Barragat Liwonde,
constructed in 1965, is the main
regulating facility on Shire River. It
intended to facilitate development
and operation of hydropower plant
1965 Kamuzu Barrageonstructed in Middle Shire, and to support
irrigation in the Lower Shire. The
barrage dampens the seasonal
distribution of flows in the
downstream river.
Operated also as a hydropeaking
plant when demand requires. Birkheadet al.(2022)
Hydropeaking fundamentally
changes conditions in the
1973 Tedzani | operationalised downstream river. Dama_ge to
ecosystems and people is well
documented. In the case of the
Shire, hydropeaking affects the riv
for 100s of kilometres downstrean
of turbines.
1980 Nkula 1 operationalised dal hvd i
1986 Nkula 2operationalised Operated also as a hy ropeaking
- - plant when demand requires.
1992 Nkula 3 operationalised
1996 Tedzani Il operationalised | OPerated aiso as a hydropeaking | gy o 2 et al. (2022)
plant when demand requires.
o Partially operated as a
2000 Kapichira Phase 1 hydropeaking plantwith severe
operationalised consequences for downstream
river. In addition, s.edlment _ Southern Waters (2022)
management (sediment flushing
2014 Kapichira Phase 2 and sediment dumping) has been
operationalised damaging to both the upstream ar
downstream river.
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Consequences for thbasin

Date Event References
ecosystems
2017 Tedzani lll operationalised Operated as a hydrppeakmg plant
when demand requires.
No major impact, but greater Bhaveet al. (2022)
2018 Upgrading oKamuzu Barrage control of Shire River flow regime.
Construction starts on the | Once constructed, the off take for
2021 Shire Valley Transformation |the canal will affect dry season loy
Program (SVTP)s flows in theLower Shire. While this
Cyclone Ana causes a break | is a move back towards a more htto://StVD.QOV. MW
2022 the Kapichira dam wall at the| natural seasonal distribution of P P-gov.
point at which STVP canal joi flow, it will also facilitate greater
Repair Works to Kapichira dal intrusion Of Cultivated fleldS into
2023 wall wetland areas.
Deforestation and sedimentation
Sediment supply to the Shire Rive
increased significantly with
s o deoesinon | SS0eSIOn oL neunper
19902023 become increasingly evident ’ Mzuzaet al.(2019)

landcover

Elephant Marslincreased from ~1(
mm/yr in the early part of the 20
century to ~34 mm/yr) in the early
part of the 2 century.

Major cyclones and tropical storms

Major flooding. Changes in the
extent of lakes in the southern
portion of the Marsh linked to

1946 [ eO0f2yS Ga9RALU construction, and subsequent Ngongondcet al. (2011)
breaches (during floods) and
repairs, of the railway embankmer,
Major flooding. Realignment of Ru
River into the Southern Elephant
2015 Tropical Storm Chedza Marsh as alirect result of increase( Birkheadet al. 2022
sedimentation at the Shire/Ruo
confluence.
2019 Cyclone Desmond
2003 Tropical Storm Delfina ) )
- Major flooding
2021 Cyclone Eloise
2021 Cyclone Guambe https://www.worlddata.info/
i i ichi africa/malawi/cyclones.ph
2022 Cyclone Ana Maijor flooding. Kapichira Dam Yy pnp
bursts
2022 Cyclone Gombe ) )
Major flooding
2023 Cyclone Freddy
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Figure7-1  Timeline (c. 1800 to 2020) of drivers and events, both natural and anthropogenic, and the responses of the Elephant Mapstology, based on
multiple sources of evidence (Source: Birkheatdal. 2022.
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7.2 Scenario Assessment of Main Drivers of Change, Stressors, Primary and Secondary
Impacts for Main VEC Groups

7.2.1 General Description for Mpatamanga CIA Impact Pathway Network Analysis

A cumulative impact assessment (CIA) is a process of analysing potential impacts on and \VEE€s to
resulting from existing and proposed projects in the context of human activities and natural environmental
and social external drivers over time (IFC, 282IJhe complex relationships and interactions among
Drivers/Causes, Stressors/Primary Impacts, and Secondary Impacts that lead to cumulative impacts on the
prioritised VECs in the Shire Basin, as illustrated in Figube liZ&e been assessed for all the 10 scenarios in
Table ES.

The stressor/primary impact score is the sum of the impact from the drivers/causes, each with a magnitude
(vector weight) ranging from 0 (no impact) to 4 (very high impact) as follows:

5 = na/negligibleimpact
6 = low impact

7 = moderate impact
8 = high impact

9 = severeimpact

Then the following steps are undertaken; (1) Determination of which drivers/causes affect which
stressors/primary impacts, and assigning them-4 dcore for each link; (2) Sumnsimg these scores for

each stressor/primary impact; (3) Then determine which stressors/primary impacts affect which secondary
impacts and assign a4lscore to each link; (4) For each link, the score is multiplied by the primary impact
score and then summaed for all links to provide a final score for the secondary impact; astlyl (5)
Determine which secondary impacts affect which VECs, and susertfagisecondary impact scores for each
VEGC.

A summary of the assessment for each main CIA scenario is provided in the subsequent sectiens of thi
Chapter 7 A more detailed description of the assessment and results for each scémgaaot on VECis
provided in the Section 8 of the CIA Report. For the results of the DRIFT ESM assesfaneamte is made

to Volume 2and 3to this report.

7.2.2 Summary ofBaseline Scenario 2023 (Current Conditions and Reference Scenario)

From the Impact Pathway Network Analysis Diagram in Figi@réhe two most prominent drivers/causes

to change in the basin, with its subsequent impacts on stressors/primary impacts and secondary impacts
towards the VECsire (i) climate change and (ii) charcoal and firewood production as well as encroachment
into forested areas. The magnitude of impact of thés® drivers/causes is also given the score 3 (high
impact) in one of their pathways towards primary impacts/stressors for the current sityagigr(i) climate
change leading toextreme weather event@nd sibsequently the amount of tropical storms (7) over the past
decade and (ii)charcoal and firewood production/encroachment into forested ardhe basinwide impact

30|FC. 2021. Cumulative Impact Assessmentand/M 3SYSy i 2F wSySéglo6ftS 9ySNHe& 5S@St 2LIrS,
Democratic Republic. International Finance Corporation, Washington, D.C.

31 For example the 5 impact pathways towards tReliablewater availability and quality gives the total impact score of 138 on this
VEC.
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of this driver/cause over the past decades leading to large stsfierestation and land use chang€his
driver/cause also exacerbates the impact of extreme weather events, as deforestation and land degradation
lead to a less climate resilient basirat ismore prone to flood and drought shocks. Hence, impact pathway

is given the score of 2 (moderate impact).

In comparison the anthropogenic impacts from the drivers/causes (i) agricultural and industrial practices, (ii)
HPP development and operation, (iii) irrigation and water supply developraedt (iv) transmission lines

and roads are assesséal current situation to have more moderate impacts than that of climate change and
charcoal/firewood production and encroachment, including subsequent effects on stressors/primary impacts
and secondary impacts and then the VECs. One major reason foralesmoderate ¢r lower) impact score

is that most of these drivers/causes are more confined to specific areas in the basin (for example large scale
irrigation to the Lower Shire), and hence their impacts are not seen dadm to the same extent.
Agricultural and indusial practices is however assessed to have moderate impact (score 2) on péHution
and HPP development and operation is also given the same score viz its impact pathways towards changes
to flow regime and influx of people (Kapichira, Tedzani, Nkula for current situation). The different pathways
from irrigation/water supply developmentand transmission lines/roads development towards the
stressors/primary impactare by comparison, for the current situation, given an impact score of 1 (low
impact). This will of course change for future conditions when SVTP and the Mptatamanga/MOMA
transmission lines are finadid or constructed.

The two stressors/primary impacts witlighest assessed magnitude of impaststhe secondary impacts

are (i) extreme weather events and its impact on flood and low flow magnitude, frequency and duration
(score 3 = high impact) and its exacerbated effect on erosion and sedimentation (score 2 = moderate
impacty? (both seen basiwide), and (ii) deforestation and land use change with its subsequent impact on
erosion and sedimentation, habitat degradation and fragmentation and biodiversity loss (all three pathways
with a magnitude score of 3 = high impact, also because it can be seenNids). Deforestation and land

use change also exacerbate flood and low flow magnitude, frequency, and duration (magnitude score 2 =
moderate impact) and catchment ecosystem regulatband provisioning services (magnitude score 2 =
moderate impacts). The stressors/primary impacts (i) environmental degradation other than deforestation;
(ii) changes to flow regimend (iii) influx of peoplare assessed to have a lower magnitude of impacts in
their different pathways towards the secondary impacts, for the current situdtiorhey are generally also

less basirwide than the two most prominent stressors/primary impacts mentioned above.

The VEC groups that are most impacted through the pathways from the secondary impacts, for the current
situation, are (i) biodiversity and habitats for wildlife, birds, and aquatic life (flagship VEC species and
habitats) (ii) ecosystem services for liveliho@mbth with an aggregated score in the high impact rgnged

(iii) reliable water availability and qualitpggregated scorbetween 146200). More moderately impacted

high impact range (aggregated score betweerl80) are: (iv) productive land/ddor agriculture (especially

at community level) and (v) tourism and social services. The last VEC group, (vi) historical, cultural, and
religious sites, is less affected (aggregated score in the low impact range betw&ei 10

32 Environmental degradation other than deforestation.

33 Three other impact pathways are given a score of 1 (low impact).

34 For examplewater purification, erosion and flood contr@loil stabilization)and carbon storage and climate regulation
35Like plants and animals (including fish) for livelihoods, important for example in the Elephant Marsh.

36 All their impact pathways are for the current situation assessed to have an impact score of 1 (low impact)
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Baseline 1 2023
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The CIA Impact Pathway Network Analysis of Baseline Scenaiie.turrent situation (2023).
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7.2.3 Summary of Near Natural Scenario (Early 1900)

Conditions in the basin in early 1900 is anticipated to have been characterised by a largely pristine and
unmodified Shire River Basin with largely intact forest, terrestrial and riverine ecosyseenabp Section

7.1). TheChiromo Bridge and railway embankment was however constructed in 1907 with some impacts on
the extent of lakes in the southern portion of the Elephant Marsh. Basin population has been estimated to
be low (see Tabl&-1). The drivers/causes have been anticipated to have either novolinpact on the
stressors/primary impacts and subsequently also on the secondary imgraatEnallyon the VECS he total
impact score on théour VEC groups (feliablewater availability and quality; (i) biodiversity and habitats

for wildlife, birds and aquatic life; (iii) ecosystem services for livelihaod (iv) productive land/soil for
agriculture has been estimated to be in the lower part of the low impact score rang@0j1@hilst both (v)
historical, cultural and religious sitesnd (vi) taurism and social servicesvebeen estimated to have been
negligiby impacted.

Near Natural Scenario (1900)
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Figure7-3  CIA analysis results of the Near Natural Scenario (early 1900).
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7.2.4 Summary of Historical (Trended) Scenario

The trended scenario set has been divided into three distinct pericdgre-1992, 1992 to 2002 and lastly
2002 to 2012. The basin development between 2012 and 2022 is captured in Baseline Scenario 1 (2023).

Pre-1992

Between 1900 and 1992 we see a stark population increase in the basin, and the estimated population in the
basin in 1992 was at200000 (see Tablg-1), putting more pressure on the bagind its resourceBetween

1900 and 1992 several major historical events have also affected the aquatic and terrestrial ecosystems of
the Shire, many of them directly related to the interplay between human pressures (deforestation, over
fishing, transformation of wetlandsn this period, we also see the developmenttad first major inchannel
infrastructure such aKamuzu Barragehe first stages of the Tedzani and Nkula hydropower plants, bridges,
and embankments, as well as transmission lines and taadsaffecting the terrestrial enviranent. With

regards to hydrology Lake Malawi levels (that dictate/affect the baseflows of Samegharacterised by a
period of low levels between 1961040, whilst between 1940992 there is a period of medium lake levels
(see Tableg-1). Some deforestation is occurring, but this becomes more prominent during the next periods
(see Tabl®-1). Loss of megafauna due to hunting and poachisgoccussin this period.

All drivers/causes impacting the basin health come into play duringpénied,albeit they are anticipated to
have low impacbn the stressors/primary impactsompared to current conditions (2023). However, the
combined effect of (i) charcoal/firewood production and encroachment into forested afifasxpansion of
agricultural and industrial practisg§ii) HPP development/operatioand (iv) transmission lines and roads
development on deforestation and land use change (stressor/primary impact)teadsombined moderate
impact on (i) habitat degradation and fragmentatjaand (ii) biodiversity loss at catchment level (both
secondary impacts)he totalimpact score on the two VEC groups (i) biodiversity and habitats for wildlife,
birds and aquatic lifeand (ii) ecosystem services for livelihood is estimated to be moderately impacted,
whilst the four othersVECs are assess@dbe in the range of low impact.
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Trended Pre 1992
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Figure7-4  CIA analysis results of the Trended Scenario-P$82.

19922002 Period

Between 1992 and 2022 the population in the basin is estimated to have increased 206600 to 2
600000. Further infrastructure comes online including Tedzani Il (1996), Kapichira Phase | (2000), and
transmission lines and roads development contisiugeforestation rates also increase in this period with
charcoal/firewood production and encroachment into forest@asas the main driver/causgseealsoTable

7-1).

Some of the drivers/causes impose bigger pressure during this period than the previous ch8@9Pren
the basin health, with (i) climate change, (ii) expansion of agricultural and industrial praatis€gi) HPP
development/operation setto have moderate impacton various stressors/primary impact, whilgiv)
charcoal/firewood production and encroachment into forested areas is estimated to have high/very high
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impact on deforestation and land use change. Habitat degradation and biodiversity loss continues (secondary
impact) but there is also an increase in impact on (i) flood and low flow magnitude, frequency and duration
and (ii) erosion and sedimentatiofhe totalimpact score on the two VEC groups (i) biodiversity and habitats

for wildlife, birds and aquatic lifggnd (ii) ecosystem services for livelihood is estimatethawebeen highly
impacted, whilst (iiiyeliablewater availability and (iv) productidand/soil for agricultureare estimatedto
havemoderatdy impacted. The two last VEC groups (i) historical, cultural and religious sites and (ii) tourism
and social servicemre estimated to still be in the low impact range.
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Figure7-5  CIA analysis results of the Trended Scenario 12092.

20022022Period
Obviously, the impact on the basin over this period is very similar to that of the current situation (Baseline 1
2023) and its impact pathwayso reference is made to the impact pathwiayFigure7-2 with regards to
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impact scores on VECs and elsewhere in the pathway. Compared to the previous fpeestddegradation
continues at the same ratm the first 10 years but seems somehow to stabilaround 2012015. Basin
population increases tan estimated 4500 000 in 2022. Further infrastructure developm&nbme into
place or are under constructiorincluding Kapichira Phase 2 (2014), Tedzani lll (2017), Upgratiaghakzu
Barrage(2018) and SVTP canal, amongst others. There is also a stark increase in theciresfueajor
cyclones and tropical storms over this period, especialiiie last 10 years (see Taliel).

7.2.5 Summary of Baseline Scenario 2 (2030)

This scenario constitutes two sideenariosi.e. with and without Mpatamanga HRRespectively (see Table
5-1), together withthe other dams/HPPs in the basin. In the @denario with Mpatamanga in place (2.2)
Kapichiraurns intonon-peaking mode compared to peaking without Mpatamanga in p(aee also Annex
4). SVTP is also in place (with lllovo and Agricane connected) as additaanaltransmission lines (including
MOMA and Mpatamanga Forest cover is anticipated to be similar to 2Q@8e Table 4), and basin
population is estimated to have risen tc680000.

The drivers/causes imposing the biggest pressure on the basin health and on the stressors/primary impacts,
is for subscenario 2.1 (without Mpatamanga) sfilj charcoal/firewood production and encroachment into
forested areas (very high impact on deforestation) éijatlimate change (high impacts on extreme weather
events). For sulscenario 2.2 Mpatamanga HPP is anticipated to increase the impact on changes to flow
regime and influx of people (both set at high impact). The other stressors/primary iggractnticipated to

be negligibly affected by Mpatamanga at basin scale level, albeit some more local impacts are anticipated
with regard to land use change and environmental degradation (reservoir and dam amggrolam and
regulating dam). Habitat degradation, biodiversity loss and changes to the basin ecosystem services increases
compared to Baseline 1, but at basin scale there is estimated to be minor changes due to Mpatamanga as
deforestation is still largelgriven by charcoal/firewood productioma encroachment into forested areas.

The influx of people due to Mpatamanga and other infrastructure like SVTP and MOMA is also increasing the
impact on social cohesion. Erosion and sedimentation also increase due to deforestation and extreme
weather evens. The latter also increases the impacts on flood and low flow magnitude, frequency and
duration. Sum impact score on the two VEC groups (i) biodiversity and habitats for wildlife, birds and aquatic
life; (i) ecosystem services for livelihood is estimaiede severely impacted in both stdzenarios, with

only a slight increase with Mpatamanga in pldadich is also the case of the overall W@ omes in the

DRIFT ESM assessment in VolumeTBe continued basin degradation and extreme weather events
continues to impact theeliable water availability and quality in both sub scenarios, and themelittle
differences with and without Mpatamanga, with both impact score as hlgipacts on productive land/soil

for agriculture and tourism and social sees is estimated at moderate impact for both ssdenarios, whilst
historical, cultural and religious sites rise from low impact without to moderate impacts with Mpatamanga
(mainly due to construction of the dam complex and influx of people)
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Baseline 2 (2030) without Mpatamanga
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Figure7-6  CIA analysis results of Baseline Scenario 2.1, without Mpatamanga.
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Baseline 2 (2030) with Mpatamanga
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Figure7-7  CIA analysis results of Baseline Scenario 2.1, with Mpatamanga.

7.2.6 Near Future Scenarios 1, 2 and 3 (2035)

This sebf scenariogonstitutes the business as usual (BAU) scenario (Near Future 1), BAU wikh ljolvitd Q
operation (BAU + JDO) scenario (Near Future 2) and BAU + JDO with climate change (CC) scenario (Near
Future 3). Basin degradation continues and the impact profile in the impact pathway towards the VECs is
quite similar, especially between Near Future H @only a slight decreaseimpact onVECs due to JBO

but with an increase again when adding climate chamdgar Future 3) The latter leads to increases in
extreme weather events, with its subsequent increases in impact on (i) flood and low flow magnitudes

37 Modelled JDO impact on flows and hydropower generation compared to BAU (Scenario 6 compared to Scenario 5) is reported in
detail inSections A.4.3 and A.4.4 of Annex 4 and shows only slight differences. Hence this only this slight decrease on impacts on
VECs has been aseessed.
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frequency and duratiorand (ii) sedimentation and erosigsee also Annex 3)ear Future 12 and 3mpact
scoresareexemplified inFigure 78 - 7-10. Impacts on the three VEC groupsél)ablewater availability and
quality; (ii) biodiversity and habitats for wildlife, birds and aquatic;lé@d (ii) ecosystem services for
livelihood are estimated to be severe, while (iv) productive land soil for agricudtbigh The two lastVECs
are estimated tobe moderatdy impacted

Near Future 1 (2035) - BAU
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Figure7-8 CIA analysis results of Near Future Scenario 1 (2035).
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Near Future 2 (2035) - BAU+JDO
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Figure7-9  CIA analysis results of Near Future Scenario 2 (2035).
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Near Future 3 (2035) - BAU+JDO+CC
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Figure7-10 CIA analysis results of Near Future Scenario 3 (2035).

7.2.7 Near Future Scenario 4

This scenario is the sustainable pathway scenatfiere we sequentially include catchment restoration,
reforestation and mitigation measures vi&tepwise build in (1) catchment rehabilitation, (2) tourism and
protected areas management and (3) Sustainable land use enhancement and energy source transition in the
basin Reference is also made to TaBld for more details. As can be seen in Figdrgl to 7-13, the
reduction in magnitude of the impactdecreases for each stemspeciallyfor (i) charcoal/firewood
production and encroachment into forested areasd (ii) agricultural and industrial practiceBhishas
knockon effects on many of the s#ssors/primary impact and secondary impacts, leading to reduction of
impacts on all VEC groups compared to Near Future 1, 2 and 3 Scenarios. Impacts are lowered to moderate
(4 VEC groups) or low (2 VEC growgsn all these catchment scale measures are put in place (FiglBg 7
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Near Future 4 (2035) - Sustainable Pathway (Step 1)
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Figure7-11 CIA analysis results of Near Future Scenario 4 (2@3tep 1 (catchment rehabilitation).
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Near Future (2035) - Sustainable Pathway (Step 1+2)
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Figure7-12 CIA analysis results of Near Future Scenario 4 (2@3%ep 1 +2 (catchment rehabilitation +
tourism and protected areas management).
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Near Future (2035) - Sustainable Pathway (Step 1+2+3)
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Figure7-13 CIA analysis results of Near Future Scenario 4 (2@35rep 1 + 2 + 3 (catchment
rehabilitation + tourism and protected areas managementSustainable land use
enhancement and energy source transition).

7.2.8 Distant Future Scenario 1 and 2 (2070)

This scenario seonstitutes the BAU for 2070 (Distant Future 1), which is similar to Near Future 1 (2035) but
with further basin degradation and more extreme weather events due to climate chandehe Sustainable
Pathway Scenario for 2070 (Distant Future 2) with continued basin restoration and reforestation as of Near
Future 4 scenario. As can be seen from Figtltd, in the BAU case (Near Future 1), the magnitude of almost
all impact pathways becomes more prominent eventually leading to severe impact scores ongathMisC
Hence, we are probably witnessingoassible major change in thetate of thebasin ecosystemwith its

10248341RAP09 October2024 Pagel05



2" Draft CIA Report CIA of the Mpatamanga HPP on the Shire River

subsequent impacts on livelihoods etd. no largescalerestoration, reforestation and other mitigation
measuresareimplemented.

Distant Future (2070) - BAU + CC
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Figure7-14 CIA analysis results of the Distant Future Scenario 1 (20BRAU

On theother hand if the steps in the sustainable pathways continue to be implemented up to, 8830ding
reforestationof erosion hotspot areas (see Tabld mand Annex 1 for detailsthe basin health and impacts

on the VECsare considerably reduced as shown in Figiré5. Only continued climate change remains
somehow prominent. Impacts on all VEC groups are considerably lowereaduaelen lower than for Near
Future 4, due to the continued restoration, reforestation and other mitigation measures. Three of the VEC
groups aren the moderate impact range and the remaining three in the low impact range.

38 Basin population is however expected to increase beyond 10 million, and can impose additional pressure. Volume 3 has looked
into effects with and without this population increase. Figuwksds without this magnitude in increase.
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Distant Future (2070) - Sustainable Pathway (Step 1+2+3)
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Figure7-15 CIA analysis results of the Distant Future Scenario 2 (2@78ustainable Pathway Steps
1+2+3.
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8 CUMULATIVE IMPACT ASSESSMENEQCSE (ALL SCENARIQOS)

This chapter outlines the impact of each scenario of the CIA assesesmeath VEC group and its selected
indicator. In a few of the VEC groups the indicators have been pooled to avoid repetition since the impacts
are quite similarFor relevant mitigation options for the VECs, reference is niadectionl1.3(Summary

of Mitigation Measuresin Tables 141 and 112, to avoid repetition in this Chapter

8.1 VEC X ReliableWater Availability and Quality
8.1.1 Hydropower Production

Table8-1 Summary of impacts of each scenario on hydropower product{see also Annex 4 for
details with regard to power production)

1 Near Natural No Impact Hydropower absent

2.1 Trended Prel992 Low Impact Kamuzu Barragéledzani | 1, Nkula 1+2+3
comes online (prone to Lake Malawi and Shir
flow variations)

2.2 Trended 19922002 Moderate Impact Tedzani Il and Kapichira Phase 1
operationalisedprone to Lake Malawi and
Shire flow variations and increasing
erosion/sediment transport).

2.3 Trended 2002012 High Impact Increasing erosion/sediment transport due to
deforestation. Filling of reservoirs
3 Baseline 1 (2023) High Impact Increasing erosion/sediment transport due to
deforestation. Filling of reservoirs
4.1 Baseline 2.12030)¢ without High Impact Increasing erosion/sediment transport due to
Mpatamanga deforestation. Filling of reservoirs
4.2 Baseline 2.2 (2030) ¢ with | High Impact Increasing erosion/sediment transport due to
Mpatamanga deforestation. Filling of reservoi(&apichira
less prone to reservoir filling due to
Mpatamanga)
5 Near Future 1 (203%) BAU Severe Impact Increasing erosion/sediment transport due to

deforestation. Filling of reservoirs (Kapichira
less prone to reservoir filling due to
Mpatamanga) Lake Malawi levels, due to CC,
starts to add additional impacts,

6 Near Future 2 (20353 BAU +| Severe Impact Increasing erosion/sediment transport due to
JDO (slightly less than deforestation. Filling of reservoirs (Kapichira

Near Future 1 less prone to reservoir filling due to
though) Mpatamanga)Lake Malawi levels, due to CC,

starts to add additional impacts,

7 Near Future 3 (20354 BAU +| Severe Impact Increasing erosion/sediment transport due to
JDO + CC (higher than both deforestation. Filling of reservoirs (Kapichira

Near Future 1 and 2 | less prone to reservoir filling due to
due to CC) Mpatamanga)Lake Malawi levels, due to CC,

starts to add additional impacts,

39 Derived/extracted from the impact scores in the diagram in Chaptierthis and the following tables in Chapter 8.
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8 Near Future 4 (2035 SP Sted Moderate Impact Decreasing erosion and sediment

1+2+3 transport/supply due to sustainable pathway
(SP) mitigation measures. Slightly less prone
high and low flows due to SP mitigation
measures

9 Distant Future (2070) BAU Severe Impact Almost doubling of impact score compared to
Near Future 1Major reason is CC and drop in
Lake Malawievels

10 Distant Future (20704 SP Steg Moderate Impact Continued (compared to Near Future 4)
1+2+3 decreasing erosion and sediment
transport/supply due to sustainable pathway
(SP) mitigation measures. Slightly less prone
high and low flows due t8P mitigation
measures

8.1.2 Irrigation and Water Supply

Table8-2 Summary of impacts of each scenario water availability and quality for irrigation and water

supply.
1 Near Natural No Impact Mostly undeveloped
2.1 Trended Prel992 Low Impact Kamuzu Barrageomes online also to

regulate water releaséor irrigation and
water supply. Increasing impact on quantity
and quality of water due to population
increase andasin infrastructure
development

2.2 Trended 19922002 Moderate Impact Increasing impact on quantity and quality of
water for irrigation and water supplglue to
population increase and basin infrastructure
development continues. Large scale
deforestation starts and exacerbates this
impact.

2.3 Trended 2002012 High Impact Increasing impact on quantity and quality of
water for irrigation and water supplglue to
population increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impa&ven further

3 Baseline 1 (2023) High Impact Increasing impact on quantity and quality of
water for irrigation and water supplglue to

population increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
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Frequency and magnitude of extreme
weather events adds on to this.

4.1 Baseline 2.1 (203@without High Impact Increasing impact on quantity and quality of
Mpatamanga water for irrigation and water supplglue to
population increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
Frequency and magnitude of extreme
weather events adds on to this

4.2 Baseline 2.2 (2030)¢ with | High Impact Upstream Mpatamanga: Increasing impact
Mpatamanga quantity and qualityof water for irrigation
and water supplyue to population increase
and basin infrastructure development
continues. Continued large scale
deforestation from previous period and
exacerbates this impact even further.
Frequency and magnitude of extreme
weather events add to this. Mpatamanga
potentially serves as an extreme weather
events regulator to downstream water users
and reduces sediment supply and siltation
5 Near Future 1 (203%) BAU Severe Impact Upstream Mpatamanga: Increasing impact
quantity and quality of watefor irrigation

and water supplylue to population increase
and basin infrastructure development
continues. Continued large scale
deforestation from previous period and
exacerbates this impact even further.
Frequency and magnitude of extreme
weather events add to this. Mpatamanga
potentially serves as an extreme weather
events regulator to downstream water users
and reduces sediment supply and siltation

6 Near Future 2 (20354 BAU +| Severe Impact (slightly] Same as Near Future 2
JDO less than Near Future
though)
7 Near Future 3 (20359 BAU +| Severe Impact (higher| More extreme weather eventmcreasethe
JDO + CC than both Near Future | same impact as outlined in Near Future 2
1 and 2 due to CC)
8 Near Future 4 (2035 SP Steg Moderate Impact Decreasing erosion and sediment transport
1+2+3 supply due to sustainable pathway (SP)

mitigation measures. Slightly less prone to
high and low flows due to SP mitigation
measures Mpatamanga potentially serves a
an extreme weather events regulator to
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downstream water users and reduces
sediment supply and siltation

9 Distant Future (2070) BAU Severe Impact Possible basin collapse and almost doublin
of impact score compared to Near Future 1
10 Distant Future (20704 SP Steg Moderate Impact Continued (compared to Near Future 4)
1+2+3 decreasing erosion and sediment

transport/supply due to sustainable pathway
(SP) mitigation measurekess prone to high
and low flows due to SP mitigation measure
Mpatamanga potentially serves as an
extreme weather events regulator to
downstream water users and reduces
sediment supply and siltation

8.1.3 Livelihoods

Table8-3 Summary of impacts of each scenario water availability and quality for livelihoods

1 Near Natural Low Impact Basin population lowbut prone to natural
weather variations
2.1 Trended Prel992 Low Impact Kamuzu Barrageomes online also to

regulate water release for livelihoods.
Increasing impact on quantity and quality of
water due to population increase and basin
infrastructure development

2.2 Trended 1992002 Moderate Impact Increasing impact on quantity and quality of
water for livelihoods due to population
increase and basin infrastructure
development continues. Large scale
deforestation starts and exacerbates this
impact.

2.3 Trended 2002012 High Impact Increasing impact on quantity and quality of
water for livelihoodsdue to population
increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.

3 Baseline 1 (2023) High Impact Increasing impact on quantity and quality of
water for livelihoodsdue to population
increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
Frequency and magnitude of extreme

weather events adds on to this.
4.1 Baseline 2.1 (203@)without High Impact Increasing impact on quantity and quality of
Mpatamanga water for livelihoodsdue to population
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increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
Frequency and magnitude of extreme
weather events adds on to this

4.2 Baseline 2.2 (2030)¢ with | High Impact Upstream Mpatamanga: Increasing impact
Mpatamanga quantity and quality of watefor livelihoods
due to population increase and basin
infrastructure development continues.
Continued large scale deforestation from
previous period and exacerbates this impac
even further. Frequency and magnitude of
extreme weather events add to this.
Mpatamanga potentilly serves as an
extreme weather events regulator to
downstream water users and reduces
sediment supply and siltation

5 Near Future 1 (203%) BAU Severe Impact Upstream Mpatamanga: Increasing impact
gquantity and quality of watefor livelihoods
due to population increase and basin
infrastructure development continues.
Continued large scale deforestation from
previous period and exacerbates this impac
even further. Frequency and magnitude of
extreme weather events add to this.
Mpatamanga potentilly serves as an
extreme weather events regulator to
downstream water users and reduces
sediment supply and siltation

6 Near Future 2 (20354 BAU +| Severe Impact (slightly) Same as Near Future 2
JDO less than Near Future
though)
7 Near Future 3 (20353 BAU +| Severe Impact (higher| More extreme weather eventimcreasethe
JDO + CC than both Near Future | same impact as outlined in Near Future 2
1 and 2 due to CC)
8 Near Future 4 (2035 SP Steg Moderate Impact Decreasing erosion and sediment transport
1+2+3 supply due to sustainable pathway (SP)

mitigation measures. Slightly less prone to
high and low flows due to SP mitigation
measures. Mpatamanga potentially serves
an extreme weather events regulator to
downstream water users and reduces
sediment supply and siltation

9 Distant Future (2070) BAU Severe Impact Possible basin collapse and almost doublin
of impact score compared to Near Future 1
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10 Distant Future (2070 SP Sted Moderate Impact Continued (compared to Near Future 4)
1+2+3 decreasing erosion and sediment
transport/supply due to sustainable pathway
(SP) mitigation measures. Less prone to hig
and low flows due to SP mitigation measure
Mpatamanga potentially serves as an
extreme weatherevents regulator to
downstream water users and reduces
sediment supply and siltation

8.2 VEC Z Biodiversity and Habitats for Wildlife, Birds and Aquatic Life
8.2.1 Flagship VEC Species

Table8-4 Summary of impacts of each scenario on Flagship VEC Species.

1 Near Natural Low Impact Little pressure on Flagship VEC species du
low basin population, albeit some hunting
and poaching possibly occurring

2.1 Trended Prel992 Moderate Impact Loss of megafauna in this period due to
poaching and hunting. Some agricultural
extension increases the impacts on Flagshi
VEC species

2.2 Trended 1992002 HighImpact Increasing impact on Flagship VEC species
due to population increase arttiat basin
infrastructure development continues. Large
scale deforestation starts and exacerbates
this impact.

2.3 Trended 2002012 High Impact Increasing impaabn Flagship VEC species
due to population increase and basin
infrastructure development continues.
Continued large scale deforestation from
previous period and exacerbates this impac
even further.

3 Baseline 1 (2023) High Impact Increasing impact oRlagship VEC species
due to population increase and basin
infrastructure development continues.
Continued large scale deforestation from
previous period exacerbates this impact eve
further. Frequency and magnitude of extren
weather events adds on to this.

4.1 Baseline 2.1 (203@)without Severdmpact Increasing impact oRlagship VEC species
Mpatamanga due to population increase and basin
infrastructure development continues.
Continued large scale deforestation from
previous period and exacerbates this impac
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even further. Frequency and magnitude of
extreme weather events adds on to this

4.2

Baseline 2.2 (2030)¢ with
Mpatamanga

Severdmpact

Upstream Mpatamanga: Increasing impact
Flagship VEC specidse to population
increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
Frequency and magnitude of extreme
weather events add to this. Mpatamanga
imposes some extra impacts on Flagship V
species in parts of the basin (around Majete
WR especially but mitigation of this is
proposed in ESIA and BAP studies

Near Future 1 (203%) BAU

Severdmpact

Upstream Mpatamanga: Increasing impact
Flagship VEC specidige to population
increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
Frequency and magnitude of extreme
weather events add to thisgvipatamanga
imposes some extra impacts on Flagship V
species in parts of the basin (around Majete
WR especially, but mitigation of this is
proposed in ESIA and BAP stujlies

Near Future 2 (20353 BAU +
JDO

Severdmpact (slightly
less than Near Future
though)

Same as Near Future 2

Near Future 3 (20353 BAU +
JDO + CC

Severe Impact (higher
than bothNear Future
1 and 2 due to CC)

More extreme weather events increase the
same impact as outlined in Near Future 2

8.1

Near Future 4 (203%)SP Step ]

Still severdmpact(but
quite lover than the
other Near Future
scenarios without
catchment restoration)

Decreasingmpacts of Flagship VEC species
outside protected areas (including) Pangolir
and Vultures) due to catchment restoration.
Reducecerosion and sediment transport/
supply due to sustainable pathway (SP)
mitigation measuresspecifically affecting
important fish and bird species positively
(including Elephant MarshjVetland species
dlightly less prone to high and low flows due
to large scale catchment restoration
Mpatamanga potentially serves as an
extreme weather events regulator to
downstreamFlagship VEC speciasd
reduces sediment supply and siltation
affectingthese
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8.2 Near Future 4 (2035 SP Steqd High Impact Same as SP stdgbut enhancing protected
1+2 areas management, including in Lengwe NF
reduces impacten Flagship VEC species (fq
example on large mammals like the Nyala

Antelope)
8.3 Near Future 4 (2035 SP Steg Moderate Impact Same as SP step 1+2 but sustainable land
1+2+3 management and energy source transition,

reduces impacts natural forests (including i
and around protected areas and henceforth
Flagship VEC species

9 Distant Future (2070) BAU Severe Impact Possible basin collapse and almost doublin
of impact scoren Flagship VEC species
compared to Near Future 1

10 Distant Future(2070)¢ SP Steg Moderate Impact Continued (compared to Near Future 4 Stef
1+2+3 (albeit lower than Near| 1+2+3) decreasing impacts on Flagship VE
Future 4 scenario) species in and outside protected areas

throughout the basin. Mpatamanga
potentially serves as an extreme weather
events regulator to downstream Flagship VI
species and raegces sediment supply and
siltation affectingthese

8.2.2 Flagship VEC Habitats

Table8-5 Summary of impacts of each scenario on Flagship VEC Habitats.

1 Near Natural LowImpact Little pressure on Flagship VEC habitats du
to low basin population, albeit some hunting
and poaching possibly occurring

2.1 Trended Prel992 Moderate Impact Loss of megafauna in this period due to
poaching and hunting. Some agricultural
extension increases the impacts on Flagshi
VEC habitats

2.2 Trended 19922002 High Impact Increasing impact on Flagship VEC habitats
due to population increase and that basin
infrastructure development continues. Large
scale deforestation starts arekacerbates
this impact.

2.3 Trended 2002012 High Impact Increasing impact on Flagship VEC habitats
due to population increase and basin
infrastructure development continues.
Continued large scale deforestation from
previous period and exacerbates this impac
even further.

3 Baseline 1 (2023) High Impact Increasing impact on Flagship VEC habitats
due to population increase and basin

infrastructure development continues.
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Continued large scale deforestation from
previous period exacerbates this impact eve
further. Frequency and magnitude of extren
weather events adds on to this.

4.1

Baseline 2.1 (203@)without
Mpatamanga

Severe Impact

Increasing impact on Flagship VEC habitats
due to population increase and basin
infrastructure developmentontinues.
Continued large scale deforestation from
previous period and exacerbates this impac
even further. Frequency and magnitude of
extreme weather events adds on to this

4.2

Baseline 2.2 (2030)¢ with
Mpatamanga

Severe Impact

Upstream Mpatamanga: Increasing impact
Flagship VEC habitats due to population
increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
Frequency and magnitle of extreme
weather events add to this. Mpatamanga ar|
SVTP imposes some extra impacts on Flag
VEC habitats in parts of the basin (around
Majete WR and Lengwe NP especially, but
mitigation of this is proposed in ESIA and B
studies

Near Future 1 (203%) BAU

Severe Impact

Upstream Mpatamanga: Increasing impact
Flagship VEC species due to population
increase and basin infrastructure
development continues. Continued large
scale deforestation from previous period an
exacerbates this impact even further.
Frequency and magnitedof extreme
weather events add to this. Mpatamanga ar
SVTP imposes some extra impacts on Flag
VEC species in parts of the basin (around
Majete WR and Lengwe especially, but
mitigation of this is proposed in ESIA and B
studieg

Near Future 2 (20359 BAU +
JDO

Severe Impact (slightly]
less than Near Future
though)

Same as Near Future 2

Near Future 3 (20353 BAU +
JDO + CC

Severe Impact (higher
than both Near Future
1 and 2 due to CC)

More extreme weatheevents increase the
same impact as outlined in Near Future 2

8.1

Near Future 4 (203%)SP Step ]

Still severe Impact (but
quite lover than the
other Near Future

Decreasing impacts of Flagship VEC habita
outside national protected areas, like the
Elephant Marsh. Reduced erosion and
sediment transport/ supply due to
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scenarios without sustainable pathway (SP) mitigation
catchment restoration)| measures, specifically affectimgbitats of
important fish and bird species positively
(including Elephant Marshielephant Marsh
slightly less prone to high and low flows dug
to large scale catchment restoration.
Mpatamanga potentially serves as an
extreme weather events regulator for the
downstream Elephant Marséind reduces
sediment supply and siltation affectirit.

8.2 Near Future 4 (2035 SP Steqd High Impact Same as SP step 1 but enhancing protecte(
1+2 areas management, including in Lengwe NF
reduces impacts oall the fourFlagship VEC
(but especially Lengwe NP and Elephant
Marsh that are less protected than Majete
WR and Lilongwe NP

8.3 Near Future 4 (2035 SP Steg Moderate Impact Same as SP step 1+2 but sustainable land
1+2+3 management and energy source transition,
reduces impacts natural forests (including ir
and aroundrFlagship VERabitats

9 Distant Future (20703 BAU Severe Impact Possible basin collapse and almost doublin
of impact score on Flagship VE#&bitats
compared to Near Future 1

10 Distant Future (20704 SP Steg Moderate Impact Continued (compared to Near Future 4 Stef
1+2+3 (albeit lower than Near| 1+2+3) decreasing impacts on Flagship VE
Future 4 scenario) species in and outside protected areas

throughout the basin. Mpatamanga
potentially serves as an extreme weather
events regulator to downstream Flagship VE
species and ragces sediment supply and
siltation affectingthese
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