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Acronyms and Abbreviations 
Please note: To maintain the original meaning of Portuguese abbreviations and acronyms, Portuguese 
text is first provided followed by an English translation.  
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Executive Summary 

Conjunctive Management of Transboundary Waters in Southern Africa: Taking the first step 
Responding to recognition of the importance of international river basins, there has been prolific 
activity in transboundary surface-water cooperation in Africa generally and in the Southern African 
Development Community (SADC) specifically. A growing body of work, however, has also now 
identified and delineated more than 30 transboundary aquifers in the SADC Region and many more in 
Africa as a whole. Managing shared aquifers cooperatively and conjunctively – i.e., linking their 
management with pre-existing cooperative surface water frameworks – can foster progress towards 
the region’s development goals including strengthening resilience, improving agricultural production, 
enhancing water security and achieving sustainable growth.  A critical first step toward achieving 
cooperative and conjunctive management is achieving a common understanding of the international 
watercourse system. Undertaking a Transboundary Diagnostic Analysis (TDA) enables countries, which 
share a watercourse, to reach this common understanding. 
  
Approach to this TDA: This report builds joint understanding of the current state of the surface water 
and groundwater resources in the Shire River-Aquifer System, shared between Malawi and 
Mozambique. The main aims of this TDA are as follows: 
 

• Gather, interpret, and synthesize information on the water-related context and issues in the 
shared Shire River-Aquifer System; 

• Identify and prioritize major transboundary issues in the shared system; 

• Assess data depth and data gaps related to the shared water system; and 

• Foster convergence toward a common understanding on the current state of the shared Shire 
River-Aquifer System 

 
Structured into ten sections and populated with data obtained through extensive search and 
engagement with the two countries, the report is an inclusive, joint effort that includes i) focus on the 
full basin including portions in both Malawi and Mozambique, and ii) focus on both surface water and 
groundwater. The report includes focus on demography and socioeconomics, climate, groundwater 
and hydrogeology, surface water hydrology and quality, water uses, land and water tenure, and 
institutions and governance. Ultimately, the report is believed to lay a foundation on which water 
cooperation on the Shire can grow.  
 
The Shire System: extensive challenges, urgent opportunities Challenges in the Shire are no doubt 
extensive. The population of the Shire faces high poverty levels and vulnerability to floods. Climate 
change may increase temperature and intensify rainfall variability. Water quality may decrease due to 
increased economic activity and population. This range of challenges brings urgency to identify and 
implement responses to mitigate the danger of deterioration in conditions. That said, the depth of 
data that can be used to make informed decisions is often variable. While elaboration of specific 
actions or solutions is the central focus of the Strategic Action Plan which builds on this TDA, the set 
of information in this report already provides clear clues on key areas that can facilitate improvements 
in water management in – and maximize the benefits derived from – the shared system. Central to 
elaboration of opportunities is improving the base of knowledge, both expanding the depth of data 
and integrating data from both countries in the system on an ongoing basis, in order to enable clearer 
understanding of current trends and future potential in the Shire.  
 
Five Key Issues Ultimately, review of conditions in the Shire sections of this report led to preliminary 
identification of five key issues. These five issues are as follows: 
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1. Impacts of climate variability and change require urgent responses There is high inter-annual 
variability in rainfall, temperature is already increasing and rainfall patterns may change. 
Impacts of existing climate variability such as floods are already disastrous. While current 
approaches to early-warning and emergency response have no doubt reduced degrees of 
adverse impacts felt, the magnitude of the growing challenge may call for additional tools to 
be applied.  Given the relatively limited amount of flow regulation infrastructure in the Shire 
System, the potential for natural infrastructure – including namely aquifers – to contribute to 
flood attenuation can be considered. Further, given the reality that floods are felt on both 
sides, coordination of efforts to plan and respond to floods may be warranted. 

2. Water quality challenges may benefit from concerted action Several water concerns were 
identified in either surface or groundwater. In surface water, concerns include: low dissolved 
oxygen, sedimentation, and aquatic weeds driven by catchment degradation, unsustainable 
agricultural practices, and nutrient pollution. While data are less extensive on groundwater, 
concerns include: fecal coliforms, total dissolved solids, iodine and salinity. Temporal analysis 
of trends suggests that water quality challenges will increase. Given the connected nature of 
the Shire System, it is likely that water quality challenges – on the surface or in the ground – 
in one country may be felt in the other particularly in light of the interactions between the 
two water sources. The bottom line is that concerted action is required to ensure water that 
is safe for human consumption and use for other purposes in the Shire System, such as the 
environment.  

3. Data gaps should be filled Addressing constraints on data availability that limit complete 
understanding of conditions in the Shire System comprise cost-effective ways to improve 
water management. At least six priority data gaps can be identified: i) trends in groundwater 
levels particularly in shared aquifers, ii) related, rates of groundwater flow between the two 
countries, iii) mapping recharge zones and understanding recharge dynamics, i.e., direct 
rainfall infiltration or infiltration of surface flow, iv) unknown but critical environmental 
resources and ecosystem services, particularly on the Mozambican side of the Shire, iv)  water 
quality parameters for surface and groundwater flow to understand implications for human 
and ecosystem health, and vi) the potential for irrigation expansion on Mozambican portions 
of system.   

4. There is potential to harness additional benefits from the Shire System Practical 
opportunities for harnessing the Shire’s water resources for greater benefits exist. Some of 
such opportunities have been clearly identified, reflected in Malawi’s plans for hydropower 
expansion. Others, however, have not been as elaborated. The role and potential for 
groundwater – as a reliable source of drinking water, drought buffer, or flood mitigator – has 
not been fully investigated as reflected in the numerous data gaps specified immediately 
above. Irrigation expansion in Mozambique, overlooked perhaps due remoteness, also 
presents an opportunity. Encompassing the preceding points, coordinated management of 
ground and surface water across borders to enhance water management for all uses, enabling 
water from the ideal source to be applied where and when it is available, constitutes another 
opportunity that can increase benefits produced by the shared system. 

5. Enhanced institutional coordination can improve responses to challenges and help harness 
the Shire’s full potential Responding to climate variability, addressing water quality 
challenges and harnessing potential benefits all require effective institutional frameworks that 
are aligned toward achieving these key objectives. Capacity limitations may nonetheless 
constrain the ability of current national institutions to fully respond to challenges. Further, 
despite a cascading set of overarching transboundary institutional frameworks, the sole 
international agreement fairly aligned with the local geography of the Shire has not been 
implemented. Ultimately, it may be time to consider enhancement of cross-border 
engagement on the Shire to harness the potential of this shared system and better mitigate 
its key risks such as flooding and water quality. 
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1. Introduction 

1.1 Background 
 
Transboundary Waters in Southern Africa: Responding to growing recognition of the importance of 
international river basins, there has been prolific activity in transboundary surface-water cooperation 
and River Basin Organisation (RBO) development in Africa generally and the Southern African 
Development Community (SADC) specifically (Lautze and Giordano, 2005; Saruchera and Lautze, 
2016). A growing body of work, however, has also now identified and delineated more than 30 
transboundary aquifers in the SADC Region and many more in Africa as a whole (Altchenko and 
Villholth, 2013). While on the-ground cooperation on SADC’s shared aquifers is currently low, 
managing them cooperative and conjunctively – i.e., linking their management with pre-existing 
cooperative surface water frameworks – can foster progress towards the region’s development goals 
including strengthening resilience, improving agricultural production, enhancing water security and 
achieving sustainable growth.   
  
Conjunctive Management in Shared Waters in SADC: Experience from SADC suggests that it may be 
wise to scale up groundwater cooperation in the context of a systems approach where multiple 
sources of water and ecosystems are considered and managed in conjunction. For instance, 
harnessing subsurface capacities to store seasonal excess surface water resources or treated 
wastewater may provide hitherto un(der) explored solutions to increase resilience and water security 
(Pavelic et al., 2014). Further, failing to include groundwater in cooperative surface water frameworks 
may undermine attempts to manage surface waters. As an example, the population of the Limpopo 
River Basin is heavily dependent on groundwater, and the multiple use of the shared alluvial aquifer 
along the river is reducing downstream flows (Owen, 2012).   
  
Project Objectives: The Conjunctive Water Resources Management Research Project in the Shire River 
Basin (Shire-ConWat) project contributed to sustainable water management in the Southern African 
Development Community (SADC) Region, through transboundary cooperation on shared critical water 
resources. The specific objective of the project was to enhance the capacity in SADC and its member 
states to manage integrated groundwater and surface water resources, using the Shire River-Aquifer 
System (shared between Malawi and Mozambique) as a pilot case. The project supported 
development of a framework for incorporation of groundwater into existing transboundary water 
management and institutional contexts in the SADC region. The lessons learned and recommendations 
for upscaling were discussed with stakeholders and key decision makers nationally and at SADC Region 
level. The Project also contributed to capacity building of Shire Basin authorities as well as regional 
representatives.  
 
The vision of the project was that optimal transboundary water management results from taking 
conjunctive approaches that optimize water use across a diversity of water resources and scales.  
Transboundary water management is coordinated by River Basin Organizations (RBOs), which have 
traditionally placed focus on surface water. Despite some recent progress toward incorporating 
attention to groundwater and aquifers into the mandate of RBOs, they generally still remain primarily 
oriented towards surface water.  Failing to consider both surface water and groundwater represents 
a significant lost opportunity, as incorporating diverse water sources into transboundary water 
management frameworks can expand the range of cost-effective and sustainable solutions for the 
riparian states. One example is where aquifers are considered as a storage solution for capturing and 
attenuating floods in upstream areas or states, which may mitigate risk of catastrophic outcomes in 
downstream areas or states. In addition, stored groundwater may serve to enhance water security for 
both drinking water supply and small-scale crop cultivation in dry spells and droughts. Another 
example is where shallow groundwater systems are used, through managed aquifer recharge, to store 



 
 

2 
 

freshwater on top of saline groundwater for recovery later, or where they support natural attenuation 
and purification of wastewater –at national and/or transboundary scales. Importantly, conjunctive 
uses and conjunctive water storage management may be more cost-effective than traditional flood 
protection and diversion schemes, because they are heavily based on natural infrastructure, in effect 
reducing requirements for major infrastructure investments. Issues of pollution may nonetheless need 
to be considered. 
 
Project Approach and Methodology: Supporting conjunctive cross-border water management in the 
Shire River-Aquifer system was pursued through three task areas as follows: 
 

1) Transboundary Diagnostic Analysis (TDA): This involved data compilation and synthesis of 
inter-disciplinary aspects and identification of conjunctive water management issues of the 
basin. 

2) Strategic Action Plan (SAP): This was developed through stakeholder engagement, 
consultation, identification and consensus of priority conjunctive water management issues. 
Co-formulation of a joint short- and long-term plan to respond to priority issues identified. 

3) Knowledge Management and Research Results: This covered distillation of lessons, 
contextualising for SADC, capacity development, and lesson sharing. 

 
Time Frame and Partners: The project ran from July 2018 through April 2019. International Water 
Management Institute (IWMI) was the lead partner, while the University of Strathclyde (UoS) brought 
in expertise on groundwater management in Malawi. The Project also partnered with the Shire River 
Basin Management Program (SRBMP) of Malawi, ARA–Zambeze, Mozambique, and Zambezi 
Watercourse Commission (ZAMCOM). Collaborating institutions in Malawi at a national level included 
the Ministry of Agriculture Irrigation and Water Development (MoAIWD) while in Mozambique 
involved the Ministry of Public Works, Housing and Water Resources. Finally, and importantly, SADC-
GMI was the contracting partner and financier who plays an important role in facilitating engagement 
with national partners and providing feedback on project implementation. 
 

1.2 The Transboundary Diagnostic Analysis 
 
Aims of this Report: This report presents the Transboundary Diagnostic Analysis (TDA) for the Shire 
River-Aquifer System. TDAs have been developed over time in projects on transboundary waters 
financed by the Global Environment Fund (GEF, 2013), as the approach provides a framework for a 
thorough analysis of transboundary water bodies.  The main aims of this TDA are as follows: 
 

• Gather, interpret, and synthesize information on the water-related context and issues in the 
shared Shire River-Aquifer System; 

• Identify and prioritize major transboundary issues in the shared system; 

• Assess data depth and data gaps related to the shared water system; and 

• Foster convergence toward a common understanding on the current state of the shared Shire 
River-Aquifer System 

 
Approach to this Report: This report builds a comprehensive understanding of the current state of the 
surface water and groundwater resources in the Shire System, their uses, spatial and temporal 
variability, interactions, and impacts as well as human benefits derived from various ecosystem 
services and existing infrastructure. The report draws primarily on existing data from: (i) UoS (primary 
and secondary data), (ii) key institutions in the Member States, such as the Shire River Basin 
Management Program, and ARA-Zambeze, and government ministries, and (iii) key research institutes, 
such as Chancellor College of Malawi. Data were compiled and synthesized according to relevant 
themes including water resources and uses, environment, socio-economics (including gender equity), 
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and institutions. Synthesising data in a shared water system is not straightforward, as countries tend 
to have different protocols for data collection and categorising. Ultimately, information collected as 
part of the TDA were synthesized to reveal a set of critical issues related to achieving water security, 
with specific attention to the opportunities that can be harnessed and challenges that can be 
addressed through conjunctive approaches. 
 
Advances and Limitations of this Report: The major advancements of this report are that it is an 
inclusive, joint effort that includes i) focus on the full basin including portions in both Malawi and 
Mozambique, and ii) focus on both surface water and groundwater. There have undoubtedly been 
other investigations on different aspects of surface water management in the Shire River Basin. NIRAS 
(2016) produced an extensive set of reports for the Shire River Basin Management Program, for 
example, and Atkins (2012) examined flooding issues in the lower part of the Shire River Basin. The 
depth of focus to particular issues in these past efforts may in fact exceed that applied in this report. 
Past efforts such as these, however, have focused heavily to exclusively on Malawian portions of this 
basin and tended to neglect groundwater and the transboundary aquifers that lie beneath the Shire 
River Basin. The added value of this current assessment, therefore, is that it is water-source-inclusive 
and integrates knowledge on portions of the basin in both countries. 
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2. Methods 

2.1 Study Area 
 
The Shire Transboundary River Basin: The Shire River Basin, covering parts of southern Malawi and 
central Mozambique is a surface water catchment within the Zambezi River Basin (Figure 2.1). The 
Shire River originates as an outlet at the southern edge of Lake Malawi/Nyasa and flows 490 km 
southwards where it joins the main stem of the Zambezi River. Flows into Lake Malawi/Nyasa are 
largely unregulated and the effect of water management decision making upstream of the lake outlet 
is estimated to be minimal due to the lack of major infrastructure.  The Shire River Basin covers a 
surface area of approximately 32,800 km2; the majority of the catchment (71%) and population (5.5 
million) are located in Malawi, while the remaining part (29%) is located in Mozambique with a 
population of approximately 580,000 (NSO, 2017; Ministério de Administraçao Estatal 2014a, 2014b, 
2014c).  
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
The Shire Transboundary Aquifers: At least two transboundary aquifers are located within the Shire 
System (Figure 2.1). In the northern portion of the Shire River Basin, a weathered basement aquifer 
exists that crosses just beyond the eastern border of Malawi in a few places. The total area of this 
weathered basement aquifer is nearly 10,500 km2 in size and approximately 96 % of this area falls 
within Malawi. In the southern portion of the Shire River Basin, an alluvial aquifer exists which has its 
northern portions in Malawi and southern portion in Mozambique. This alluvial aquifer is nearly 5,500 
km2 in areas, and is divided roughly equally between the two countries. Ultimately, the aggregate area 
of the two aquifers cover about half of the Shire River Basin. It is important to note that there are 
additional small transboundary aquifers which provide water sources to the community living close to 
the international border (Fraser et al. 2018), but these aquifers have not yet been mapped at regional 
scale (IGRAC and UNESCO-IHP, 2015) mainly due to their limited spatial extent.  
 
The Project Study Area: The Shire River-Aquifer System: The overall project – and this TDA – are 
focused on the Shire River-Aquifer System. This means the project is focused on both the Shire River 
Basin and its major transboundary aquifers. Because the basin encompasses the aquifers (rather than 
vice-versa), in effect this means that firm delineation of study area is the outer limits of the Shire River 
Basin. That being said, primary focus is on conjunctive management across borders. As such, to the 

  

Figure 2.1: Map of the Shire System in the larger Zambezi Basin and connected transboundary aquifers 
The transboundary aquifers indicated on the map are based on IGRAC and UNESCO-IHP (2015).  
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extent possible particular emphasis will be placed on areas that lie on the intersection of 
transboundary river basin and transboundary aquifer. Further, of the two major aquifers, the southern 
alluvial aquifer is viewed to hold more potential for productive use and – given the proportion of the 
aquifer’s area in each country – is viewed to hold greater opportunity for cross-border collaboration. 
 

2.2 Methods 
 
Multi-dimensional nature of water management requires a multi-faceted TDA approach: Given the 
multi-dimensional dynamics of water and water management, production of a TDA for a shared 
surface-ground water system is by nature a multi-faceted effort. It requires insight into the 
hydrogeology of the aquifer(s), surface water flows, environmental issues, relevant socio-economic 
aspects of the system area as well as legal and institutional contexts in riparian countries. The 
multidisciplinary character of the assessment and the complexity of groundwater resources 
necessitate the involvement of several governmental bodies. At least two key governmental 
organizations were thus involved in the production of this document in each country: Administracao 
Regional de Aquas do Zambeze (ARA-Zambeze) and National Directorate of Water Resources 
Management (DGNRH) in Mozambique, and the Department of Water Resources and the Shire Basin 
Management Program in Malawi. Further, the expertise of the lead authors of the report reflect 
diverse specializations from hydrogeology and hydrology to gender to transboundary water 
management. 
 
Structuring Complexity: Sections in this Report: The structure or format that would be adopted for 
the TDA was debated at the Shire ConWat Joint Stakeholder Session in Tete, Mozambique during the 
period 7-8 August 2018. An initial structure was proposed that drew on formats used in other TDAs. 
Minor revisions were made to both the section titles and section sequencing and the format adopted 
was agreed as follows:   
 

1. Introduction  
2. Study Area & Methodology  
3. Demography and Socio-economic aspects 
4. Climate 
5. Geology and Hydrogeology 
6. Surface Water 
7. Sectoral Water Uses  
8. Land and Water Tenure  
9. Institutions and Governance 
10. Key Issues 

 
Allocating Roles and Populating Sections: At the afore-mentioned Joint Stakeholder Session in Tete, 
sections were assigned to particular staff on the project team. Eight sections were led by IWMI staff, 
and two (sections 5 and 6) were led by UoS staff. In addition, at least one point-person was identified 
from each country, for each of the main sections. That is to say, one Mozambican and one Malawi 
participated in discussion on formulation of each section and was expected to contribute with the 
sections lead author, to section write-up. A first task for each section, completed collaboratively 
between section leads and point people in Tete, was identification of data needs. 
 
Selective Relaxation of Study-Area Boundaries: Consideration of various data that would be used to 
develop sections led to realization that data was not always available at the basin or aquifer level. To 
adapt to this reality, relaxation of strict hydrologic boundaries was deemed a suitable approach when 
necessary, to enable presentation of data e.g. at a district level in or around the shared system, if data 
at an aquifer or basin level are not available.  
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2.3 Data Collection 
 
Determining Data Needs: As noted above, data needs for each section were determined at the Joint 
Stakeholder Session in Tete. These data include points like historic rainfall, borehole locations, and 
national water laws and policies in the two countries. A complete list of identified data needs, divided 
by section, are included a table in Annex 1. To facilitate transition from identifying data needs to 
collecting data, a letter was sent by the Executive Director of SADC-GMI to the government focal points 
in Mozambique and Malawi, with this table as annex.  
 
Data Acquisition: To encourage swift data collection, IWMI Consultant was deployed to follow up with 
the two countries to support their collection of data. Following a two-week period that allowed focal 
points to identify and compile requested data, the Consultant made frequent follow-ups to facilitate 
rapid collection of priority data. A substantial amount of important data was obtained although some 
key gaps remained, likely resulting from the reality that many desired data simply is not in existence. 
 

2.4 Information Consolidation and Synthesis  
 
Information Consolidation: Lead authors for each section extracted data and information relevant to 
their particular sections from the broader set of data collected. Attempts were made to structure the 
information in a logical way and harmonize data of different formats and depth, to enable depiction 
of a joint picture of the Shire River-Aquifer System.  
 
Information Synthesis: Write-up and presentation of key aspects of different topics were done 
according to the agreed structure. In concluding each section, a set of key messages were formulated. 
Such key messages are presumed to reflect the central points of each section and priority ways 
forward. Following draft write-up of each section, consultations were held in Malawi and Mozambique 
in the week of 29 October 2018 to strengthen the level of collaboration in section development and 
overall quality of the report. A list of participants at such consultations is included in Annex 2. At the 
conclusion of the entire TDA report, an aggregated set of key issues are identified. These key issues 
serve as a basis for development of the Strategic Action Plan (SAP). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

7 
 

3. Demography and Socioeconomics 

3.1 Population 
 
Country Contexts: The total population of Malawi is estimated at 17.9 million with a total land area of 
approximately 94,300 km2 (NSO, 2018b; World Bank Group, 2018). This represents a population 
increase of 35 percent from 2008 to 2018 (NSO, 2018). The total population of Mozambique is 
estimated at 29,600,000 with a total land area of approximately 799,400 km2 (INE, 2017; World Bank 
Group, 2018). The country-wide population growth rates for Malawi and Mozambique were 2.89% 
and 2.87%, respectively (UN, 2017). 
 
Population density and distribution: Of the 
approximately 32,800 km2 of land area in the Shire 
River Basin, 71.3 percent is in Malawi and 28.7 percent 
is in Mozambique. Of the estimated total population of 
6,080,000 for the Shire System in year 2014, 90.8 
percent is in Malawi and 9.2 percent is in Mozambique 
(Table 3.1). Figure 3.1 depicts the population density of 
relevant districts in the Shire,1 highlighting higher 
population concentration in northern and central 
portions of the Shire System which are mostly in 
Malawi. Mozambique is a larger country in both total 
population and total land area, yet the extent of the 
Shire system covers a much larger portion of the 
population and land area of Malawi. 
 
Population Growth: Projections for the Shire system 
population based on national growth rates from the UN 
Medium Prediction Interval suggest considerable 
increases in current population in the 21st century. 
These calculations project a Shire system population of 
some 9.2 million in 2030 (840,000 for Mozambique, 
8,400,000 for Malawi), more than 14 million in 2050 
(1,300,000 for Mozambique, 13,100,000 for Malawi) 
and more than 26 million in 2100 (2,700,000 for 
Mozambique, 23,800,000 for Malawi), assuming no 
restriction of the environmental carrying capacity of 
the area. The population projections assumed a 
uniform growth rate across each country portion of 
the Shire system. Demand for water may, therefore, 
grow rapidly in the shared system. 
 
 
 
 
 

 
1 Please note that the district of Morrumbala in Mozambique, was recently (2017) divided into two districts. One 
portion of the district remains as Morrumbala, and a new district – Derre – has been created. Unfortunately, the 
authors do not have data or precise boundaries for the new district. This TDA therefore uses the old boundaries, 
acknowledging need for a future update.  

 
 

 

Figure 3.1: Population density in the Shire System   
Data source: (NSO, 2017; Ministério de 
Administraçao Estatal 2014a, 2014b, 2014c) 
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Table 3.1: Population in the Shire (World Population Project, 2014) 

 

Persons in Shire 
System 

Proportion of 
people in Shire 

System 

Land area in 
the Shire 

(km2) 

Proportion 
land area in 

Shire 

Mozambique 580,000 9.2% 23,400 71.3% 

Malawi 5,500,000 90.8% 9,400 28.7% 

Total 6,080,000 100% 32,800 100% 

 
Urbanization trends in Malawi and Mozambique: The proportion of urban population in both Malawi 
and Mozambique has been increasing significantly since 1960 (Figure 3.2), with an urban population 
of 35.5 percent in Mozambique and 16.71 percent in Malawi in 2017 (UN, 2018). However, these 
trends do not result in a net decrease of rural populations due to high population growth rates that 
accompany these urbanisation trends.  
 

-  
Figure 3.2: Historical proportion of urban population in Malawi and Mozambique (UN, 2018) 

3.2 Gender composition and age structure 
 
Nearly 50 percent of the population of the Shire System is under 15 years of age. At national level, 
the percentage of the total population under 15 years of age is approximately 44 percent in Malawi 
and 48 percent in Mozambique (NSO, 2018). While age structure data is unavailable at a district level 
for Malawi, children under age 15 comprise 48 percent of the population of Mozambique district of 
Milange, 49 percent of the population of Morrumbala and 41 percent of the population of Mutarara. 
At a national level, the dependency ratio in Malawi is 1.2, meaning there are 0.2 more economically 
inactive persons (i.e. children of 0 to 14 years and elderly people of 65 years and older) for each 
economically active person. This dependency ratio increases to 1.3 in rural areas, compared to 0.9 in 
urban areas. The dependency ratios are 1:1, 1:0.9 and 1:0.9 of Milange, Morrumbala and Mutarara, 
respectively (Ministério de Administraçao Estatal, 2014a, 2014b, 2014c).  
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There are more women than men in the Shire. There are 93 males for every 100 females in the Shire 
System (Figure 3.3). The relative proportion of women is particularly pronounced in rural areas. 
 

 
 

Figure 3.3: Male and female populations in the districts of the Shire System, with the corresponding 
sex ratio (2017 populations for Mozambique and 2018 populations for Malawi). Data source: 
(Ministério de Administraçao Estatal, 2014a, 2014b, 2014c; NSO, 2018); 

3.3 Education and literacy 
 
Literacy rates are low, especially for women. Literacy is defined as the lack of ability to read and write 
in any language. Male literacy in the Shire System ranges from 88 percent in Blantyre city to less than 
40 percent in Morrumbala, while female literacy is less than 20 percent in Morrumbala, Milange and 
Mutarara.2 The lowest literacy rates in Malawi were recorded in Mangochi (Figure 3.4). Literacy in the 
Shire System is slightly lower than the overall literacy rates in the two riparian countries (UNESCO 
Institute for Statistics, 2015). 
 
Historical student attendance and educational attainment are low. Education data for the southern 
region, which comprises a majority of the Shire System in Malawi, shows the greatest proportion (17 
percent) of people over age 15 who have never attended school, with the district of Nsanje presenting 
the most severe conditions (29 percent). Reasons for never attending school include lack of money, 
parents disallowing attendance, the need to help at home, and the distance to school from home 
(NSO, 2008a). Similarly, in Milange, Morrumbala and Mutarara in Mozambique, between 35 and 43 
percent of people over age 15 stated they never attended school (Ministério de Administraçao Estatal, 
2014a, 2014b, 2014c).  
 

 
2 We acknowledge formation of a new district, Derre, which recently came into existence but for which no data 
are available. 
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Figure 3.4: Proportion of illiterate population in districts of the Shire System. Data source: 

(Ministério de Administraçao Estatal, 2014a, 2014c, 2014b; NSO, 2008a) 

Enrolment ratios of the current school age population are low in the Shire System. Net enrolment 
and gross enrolment ratios (NER and GER3) are key indicators for school age populations. The primary 
school net enrolment rates for Malawi and the Southern Region were 88 percent in 2016-2017, higher 
among girls (90 percent) than boys (86 percent). However, primary school gross enrolment rate for 
Malawi was 122 percent, meaning that 22 percent of the pupils enrolled were under or over age, with 
no major differences between girls and boys. In contrast, the secondary school net enrolment rate 
was 14 percent, meaning that 14 percent of children aged 14 to 17 were in secondary school. The NER 
was higher among girls (15 percent) than boys (14 percent) and was much higher in urban areas (32 
percent) than in rural areas (11 percent). The gross enrolment rate in secondary school was 42 
percent, meaning that 42 percent of the children aged 14 to 17 were enrolled in secondary school, 
with the lowest registered rate in the district of Phalombe (21 percent) (NSO, 2017). The net and gross 
enrolment rates in Milange, Morrumbala and Mutarara, revealed that less than 50 percent of children 
aged 6 to 10 attend the level of education corresponding to their age. This sharply declines to less 
than 10 percent of children aged 11 to 12 attending the level of education corresponding to their age 
(Ministério de Administraçao Estatal, 2014a, 2014b, 2014c). Such data is not disaggregated by age for 
the districts of Malawi (Table 3.2).  
 
 Table 3.2: Primary school net enrolment rates in districts of the Shire system 

District Children aged 6 to 13 years 

 Males Females 

Balaka 75.4% 77.2% 

Blantyre rural 79.0% 80.1% 

Blantyre city 80.7% 79.6% 

Chikhwawa 64.1% 64.9% 

Chiradzulu 81.0% 82.4% 

Machinga 64.2% 66.2% 

Mangochi 59.1% 60.5% 

 
3 Net enrolment ratio is the number of children enrolled in the level (primary or secondary) who belong to the 
age group that officially corresponds to that level of schooling, divided by the total population of the same age 
group. Gross enrolment ratio is the number of children enrolled in a level (primary or secondary)  
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Mulanje 74.8% 76.7% 

Mwanza 74.9% 75.6% 

Neno 66.1% 69.6% 

Nsanje 62.6% 63.8% 

Ntcheu 74.2% 76.3% 

Phalombe 70.7% 73.4% 

Thyolo 76.9% 78.3% 

Zomba rural 77.4% 79.8% 

 Children aged 6 to 10 Children aged 11 and 12 

Milange 40% 3% 

Morrumbala & Derre 34% 4% 

Mutarara 42% 7% 

Data source: (NSO, 2008a; Ministério de Administraçao Estatal, 2014a, 2014b, 2014c)  
 

3.4 Human health 
 
Health care facilities in the Shire River Basin are over-stretched. The health care system in Malawi 
suffers from a shortage of medical supplies and a lack of doctors and nurses. Of the four main public 
hospitals in Malawi, the hospital in Blantyre is the only largest hospital in the Shire System. The 
hospital is accompanied by a network of district hospitals and public and private health clinics. Of the 
overall injuries reported in the southern region of Malawi, 46 percent sought treatment in a 
government health facility, 27 percent in a local pharmacy, 10 percent for treatment in other facilities, 
5 percent did nothing because they thought it was not serious, and 4 percent did nothing because of 
a lack of funds (NSO, 2017). Though there is no major hospital within the Mozambican portion of the 
Shire system, the districts of Milange, Mutarara and Morrumbala are serviced by a number of health 
clinics that face similar capacity-related challenges. For example, in the district of Milange, the 
population per doctor is approximately 65,000 (Ministério de Administraçao Estatal, 2014a, 2014b, 
2014c). No data is available regarding the type and frequency of health facilities used in the 
Mozambican portion of the Shire system. 
 
Rates of malaria, diarrhoea and HIV/AIDS are high. In lieu of district-disaggregated data, the 
southern region of Malawi provides a representative estimate of health statistics in the Malawian 
portion of the Shire system. HIV/AIDS, epilepsy, stomach disorder and chronic malaria or fever are the 
highest reported in the southern region, and the southern region had the highest prevalence of 
reported malaria (45.8 percent)--more concentrated in rural portions of the Southern Region (NSO, 
2017). Similarly, major chronic illnesses in Morrumbala and Mutarara include malaria, diarrhea, 
sexually transmitted diseases, and HIV/AIDS. (Ministério de Administraçao Estatal, 2014a, 2014b), 
depicted in Figure 3.5. No health-related data was available for the district of Milange. Despite 
significant efforts to address the HIV/AIDS epidemic in the Shire system, Malawi has an HIV prevalence 
rate of 10.6 percent of the population aged 15 to 64 (UNICEF, 2014a), and Mozambique has the 8th 
highest HIV rate in the world at 11.5 percent of the population aged 15 to 49 (UNICEF, 2014b). The 
northern portions of the Shire System have a high prevalence (as much as 20 percent) relative to levels 
in Malawi (NSDC, 2016; MOAIWD, 2016). The Mozambican district of Mutarara also recently reported 
high incidences of HIV/AIDS (Ministério de Administraçao Estatal, 2014b).   
 
Ecological and social determinants of disease in the Shire System. Water-borne diseases such as 
cholera are directly connected to poor sanitation practices. Malaria and bilharzia or schistosomiasis 
have known connections to ecological and social changes in surrounding water bodies. Population 
growth is driving expansion of population into new areas, increasing human contact with the drivers 



 
 

12 
 

of such diseases (NSDC, 2016). Overall, the Southern Region of Malawi has the highest proportion of 
chronic illnesses in Malawi (NSO, 2017).  
 

 
Figure 3.5: Reported incidents of chronic illnesses in Morrumbala and Mutarara (data not reported 

for Milange) Data source: (Ministério de Administraçao Estatal, 2014b, 2014a) 

3.5 National economic activity 
 
Gross Domestic Product (GDP) and Poverty Rates National-level GDP per capita in the year 2017 was 
USD $311 in Malawi and USD $427 in Mozambique (Table 3.3). The poverty rates of both countries 
are high: 71.4% and 62.9% of the population in Malawi and Mozambique, respectively. The Gini indices 
of both countries are also high, reflecting notable income inequality. Various factors contributing to 
economic vulnerability exist to varying degrees in both Malawi and Mozambique.  
 

Table 3.3: Economic indicators for national economies of Malawi and Mozambique 

Economic indicator Malawi Mozambique 

GDP (2017 USDs) 5.8 billion 12.6 billion 

GDP per capita (2017 USDs) 311 427 

International poverty rate (US 
$1.90), PPP-adjusted 

71.4 (2010) 62.9 (2014) 

Gini index, PPP-adjusted 45.5 54.0 

Data source: (World Bank Group, 2018) 
 
Sectoral contribution to GDP: In Malawi, GDP in 2017 was approximately 56 percent and derived from 
various services, 28 percent from agriculture, and 16 percent from industry (Figure 3.6). In 
Mozambique, GDP is approximately 55 percent and derived from various services, 23 percent from 
industry, and 22 percent from agriculture. Agriculture includes farming, fishing and forestry. Industry 
is the segment of the economy concerned with the production of goods, including mining, 
manufacturing, energy production and construction. Services includes all government activities, 
transportation, finance, communications, and all other private economic activities that do not produce 
material goods. 
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Figure 3.6: Composition of GDP by sector of origin for Malawi and Mozambique (CIA, 2017) 

GDP Growth in Malawi and Mozambique ranges from 2 to 6%: Mozambique’s real GDP growth was 
more than 6% in 2015, but has recently been in the region of 3-4% (Figure 3.7). Malawi’s real GDP 
growth was just above 3% in 2015; this looks to increase to above 5% in 2020. Recent growth in 
Malawi’s economy was driven by a rebound in maize productivity, though agricultural growth rates 
have fluctuated wildly in recent years due to variability in rainfall and agricultural productivity. In 
Malawi, industrial activity has not played a major role in recent growth due to challenges with water 
and energy supply. In Mozambique, GDP growth slowed to 3.8 percent in 2016 and 2017, compared 
to an average of 7.3 percent in the previous decade. A major slowdown in growth in the industrial 
sector was somewhat offset by slight growth in agriculture and services. 
 

 
Figure 3.7: GDP growth rate (total and agricultural) at constant factor prices for national economies 

of Malawi and Mozambique (2018 estimate, 2019 and 2020 forecast) Data source: World Bank, 2018 
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3.6 Poverty status  
 
The majority of districts in the Shire River Basin have 
poverty rates greater than 45% (Figure 3.8). As noted 
above, the international poverty rate in Malawi was 
70.3 percent and in Mozambique was 62.4 percent in 
2018 (World Bank Group, 2018). Within Malawi, 
poverty rates in the south have historically been 
higher than other regions.  Geographically, the 
southern region has the largest Gini-coefficient, 
reflecting the highest income inequalities in the 
country. In an assessment of welfare, or the 
availability of resources and presence of conditions 
required for reasonably comfortable, health and 
secure living, 64 percent of Malawians felt they had in 
adequate food consumption for household needs and 
55 percent reported inadequate healthcare, issues 
more predominant in rural than urban areas (NSO, 
2017). In assessment of subjective well-being, 33.5 
percent of people in the southern region, which 
comprises the majority of the Shire system, ranked 
themselves very poor, 38.0 percent as poor, 20.2 
percent as average and 8.3 percent as rich. The 
highest proportion of people ranking themselves as 
very poor was in the rural district of Zomba (58.3 
percent) (NSO, 2017). In Mozambique, the poverty 
index increased from 66 percent to 70 percent in 
Milange and 70 percent to 72 percent in Morrumbala 
from 1997 to 2007, with a strong reduction in poverty 
incidence from 85 percent to 45 percent from 1997 to 
2007 in Mutarara (Ministério de Administraçao 
Estatal, 2014a, 2014b, 2014c). At a national level, 
poverty rates have decreased marginally since 2015, 
with estimates of 2018 and forecasts for 2019 and 
2020 indicating a continuation of this trend (Figure 
3.9).  
 

 
Figure 3.9: International poverty rates in Malawi and Mozambique from 2015 to 2020 (2018 

estimate, 2019 and 2020 forecast) Data source: (INE, 2014; NSO, 2010a; World Bank Group, 2018) 
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The populations of the Shire System primarily rely on firewood for cooking fuel, boreholes and 
unimproved sources for drinking water, and various types of latrines for sanitation. Access to energy, 
improved water sources and improved sanitation are some of the primary indicators of the poverty 
status. Table 3.4 summarizes the type of fuel used for cooking, types of water sources, and types of 
sanitation accessed for the population of the Shire System. Data from the Southern Region in Malawi 
is assumed to be a representative estimate for the Shire System. Table 3.5 summarizes the same type 
of information for the Mozambican districts of Milange, Morrumbala and Mutarara. It is evident that 
a large majority of the population uses some combination of petroleum and firewood for energy, uses 
groundwater or unprotected water sources, and uses unimproved latrines or no toilet or latrine. 
 

Table 3.4: Proportion of population with access to energy, water and sanitation in the Malawian 
Portion of the Shire System or Southern Region 

 Type of Energy, Water or Sanitation Percent 

 
 

Southern 
Region 

Fuel used for cooking 

Solid fuel (firewood, charcoal, biofuels, etc.) 97.3 

Firewood 77.6 

Charcoal 17.0 

Electricity 2.5 

Crop residue / saw dust 2.7 

Other 0.2 

Shire River 
Aquifer System 

Access to improved water source (2015) 58 

Improved sanitation or “formal toilet facilities” 
(2016/17) 

68.9 

Data source: (NSO, 2017; MoAIWD, 2016) 
 
Definitions of improved water sources and sanitation: In Malawi, improved water sources is defined 
as borehole, piped water into yard/plot/communal standpipe, protected well in yard/plot/public well, 
and piped into dwelling (MoAIWD, 2017). In contrast, the disaggregated definitions of water access in 
Mozambique include piped water inside or outside the home, a fountain, a well or protected hole with 
a pump, a well without a pump, surface water (i.e. river, lake, pond), and others (Table 3.5). In Malawi, 
access to improved sanitation, or “formal toilet facilities”, is defined as a flush toilet, a VIP latrine or a 
traditional latrine with a roof (NSO, 2017). The disaggregated data from Mozambique categorizes 
access to sanitation according to a toilet connected to a septic tank, improved latrine, improved 
traditional latrine, unimproved latrine or no toilet or latrine (Table 3.5). 
 
Rates of access to improved water and sanitation: Access to improved water sources according to 
the above definitions is estimated at 58 percent on the Malawi side of the Shire River Basin as of 2015, 
meaning that 42 percent do not have access to improved water sources (Table 3.4). This contrasts to 
the Mozambican side, in which the large majority obtain their water from a well without a pump or 
an open surface water body such as a river, lake or pond (Table 3.5). In Malawi, rate of access to 
improved sanitation is at 70 percent, in contrast to the 2 to 5.4 percent in Mozambique (Table 3.5). 
The dramatic difference between the rates of sanitation access in Mozambique and Malawi is related 
to difference in definitions of improved sanitation. Harmonization of standards between the two 
member states could enable direct comparison of water and sanitation conditions.  Despite the 
contrasting definitions, it is still clear that access to sanitation is low in the remote districts of 
Mozambique within the Shire System. 
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Table 3.5: Proportion of population with access to energy, water and sanitation in Milange, 
Morrumbala and Mutarara, Mozambique 

 Milange Morrumbala Mutarara 

Energy source 

Electricity 2.0 1.2 0.9 

Generator / solar panel 0.1 0.0 0.0 

Gas 0.1 0.1 0.0 

Petroleum/ paraffin/ kerosene 63.7 20.7 35.7 

Candles 1.7 3.8 1.3 

Batteries 0.1 0.1 0.1 

Firewood 31.6 73.5 61.8 

Others 0.7 0.5 0.2 

Water source 

Piped water inside the house 0.1 0.1 0.2 

Piped water outside the house 0.8 0.3 0.1 

Fountain 1.6 1.5 4.4 

Well/ protected hole with 
pump 

4.2 11.4 27.7 

Well without pump 70.4 56.0 46.5 

River/lake/pond 22.4 30.5 20.5 

Others 0.4 0.3 0.5 

Sanitation 

Toilet connected to septic tank 0.2 0.1 0.1 

Improved latrine 0.8 0.3 0.6 

Improved traditional latrine 4.4 1.6 1.7 

Unimproved latrine 31.5 7.2 9.3 

No toilet or latrine 63.1 90.7 88.2 

Data source: (Ministério de Administraçao Estatal, 2014a, 2014b, 2014c) 
 

3.7 Employment  
 
Economically active populations in Malawi and Mozambique: Of the total population in Malawi over 
10 years of age in 2008, the majority (67 percent) were economically active. Of those, the majority 
were employed (64.0 percent) with the remainder inactive or unemployed (36percent). The working 
population is made up of slightly more males (50.2 percent) than females (49.8 percent) (NSO, 2008b). 
Of the adult working population in Mozambique, nearly 98 percent of the rural population is 
economically active, with a slightly lower proportion in urban populations. Employment of those 
economically active follows a similar trend, with 98 percent of economically active rural populations 
employed and a lower proportion employed in rural areas. Female unemployment in Mozambique is 
slightly higher than male unemployment in urban areas (UNU-WIDER, 2012).  
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Table 3.6: Employment indicators for national economies of Malawi and Mozambique 

Employment indicator 
 

Malawi 
Mozambique 

Urban Rural 

Economically active 
population (Malawi: over 10 
years of age, Mozambique: 24 
to 65 years) 

67% 
88.2% Female 
90.5% Male 

97.6 % Female 
97.6 % Male 

Employed 64.0% 
80% Female 
87% Male 

98% Female 
98% Male 

Unemployed 2.0% 20% Female 
12% Male 

2% Female 
2% Male Inactive 34.0% 

Proportion of females in 
working age population 

49.8% See above See above 

Data source: (NSO, 2010b; UNU-WIDER, 2012) 
 
Labour force participation in the Shire system is higher for males than females and is higher in urban 
compared to rural areas. Labour force participation rates in the southern region were used to 
estimate rates in the Malawian part of the system. Overall, female participation rates were slightly 
lower than male rates, and rural participation rates were lower than urban rates. (Figure 3.10).  Of the 
population of Milange, Morrumbala and Mutarara, those of working age (over 15 years) comprise 50 
to 60 percent of the total population. Of these, between 72 and 79 percent are economically active. 
In Milange, male labour force participation (77 percent) is much higher than the female participation 
rate (68 percent), while in Mutarara the male participation rate is similar to the female participation 
rate. The non-economically active population of working age is primarily women and full-time 
students. A combination of factors is increasing female participation, including higher rates of 
education, waiting to get married at a later date and a decline in fertility. 
 
Agriculture, forestry and fishing provide most employment in rural Malawi and rural Mozambique. 
In the southern region of Malawi, agriculture, forestry and fishing employs more than 80 percent of 
rural individuals and more than 65 percent of the working population of the southern region. On 
average, there are more females (53 percent) in agriculture, forestry and fishing than males (46 
percent). Agriculture, forestry and fishing comprises 67 percent of the industries in the southern 
region (Figure 3.11) (NSO, 2010b). On the Mozambican side, the dominant economic activity is also 
agrarian, with approximately 90 percent of the population working within agriculture, forestry and 
fishing. Trade, transport and services have increasing importance, employing between 4 and 8 percent 
of the population. Industry, energy and construction comprises a small proportion of working 
population (Figure 3.11) (Ministério de Administraçao Estatal, 2014a, 2014b, 2014c). These industries 
are directly related to the distribution of agricultural land use and land use for other types of 
industries. 
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Figure 3.10: Labour force participation rates for urban and rural populations for southern region of 

Malawi and for the total of districts of Morrumbala, Mutarara and Milange (Ministério de 
Administraçao Estatal, 2014a, 2014b, 2014c; NSO, 2010b) 

 

 
 

Figure 3.11: Percentage distribution of industry by residence and region (Malawi data) and 
proportion of district working population (Mozambique data).  Data source: (Ministério de 

Administraçao Estatal, 2014a, 2014b, 2014c; NSO, 2010b) 

 
3.8 Livelihoods  
 
Agriculture is the dominant source of livelihoods for population of the Shire System. Malawi’s 
economy relies heavily on agricultural production, comprising approximately one-third of the gross 
domestic product. In Malawi, 78 percent of households owned or cultivated land and 8 percent 
practiced dry season crop production (NSO, 2017). The average cultivated area was 1.5 acres, with 
male-headed households cultivating slightly larger farms (1.7 acres) than women (1.2 acres). 
Approximately 55 percent of agricultural producers used inorganic fertilizers, with use of inorganic 
inputs concentrated in urban areas and among producers with tertiary education (NSO, 2017). The 
reliance on smallholder agriculture for livelihoods increases the vulnerability of communities to 
climate variability and price shocks. In addition, most smallholder farmers operate under a customary 
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form of land tenure with small, fragmented holdings that is exacerbated with increasing population 
density. Similar to Malawi, agriculture is the dominant activity in the Mozambican districts of Milange, 
Morrumbala and Mutarara, and involves nearly all households. Agriculture is primarily done through 
manual labour on small family farms cultivating local varieties. Most farmed land is untitled, with an 
average cultivated land area of 1.4 hectares. In Mutarara, some minor land disputes have arisen as 
people migrate back to areas of origin or preference. As most agriculture is rainfed, the risk of crop 
failure and food insecurity in the region is high. In Mutarara and other regions, the ability of the district 
to practice irrigated agriculture is very low. Major crops include cassava, maize, local bean varieties 
and sorghum. Peanuts, rice, and sweet potato are also grown in favourable conditions. Sesame has 
grown into a profitable cash crop in Morrumbala and Mutarara and commercialization of cotton and 
sesame in Mutarara has allowed many producers to improve their standard of living (Ministério de 
Administraçao Estatal, 2014a, 2014b, 2014c). 
 
Fishing, hunting and livestock farming play a role in the livelihoods of rural areas in the Shire System. 
Livestock is a source of livelihoods in the Shire, with much of the surface water and groundwater 
suitable for livestock on the Malawian side, though a similar assessment has not been done on the 
Mozambican side. Livestock development has been identified as an important non-point source of 
pollution (MoAIWD 2016a). In the Mozambican portion of the Shire, livestock development is weak, 
though past traditions of growing cattle and existence of pasture areas present opportunities and 
some families raise chickens, ducks and goats for their own consumption. In Mutarara, cattle 
production has grown significantly from 3,000 heads in 2000 to 19,000 in 2011. Wildlife and fishing 
provides important economic opportunities for hunting and tourism, and a small local industry of 
fishing, carpentry and handicrafts provides an alternative activity to agriculture. People of Mutarara 
make use of some 38 artisanal fishing centres.  
 
Tourism plays an important role in the Malawian portion but is largely undeveloped in the 
Mozambican portion of the Shire system. Tourism is Malawi’s third largest foreign exchange earner 
after tobacco and tea, and accounts for 5 percent of total wage employment and approximately 7 
percent of the GDP. In the Shire Basin, areas of importance for tourism are also critical for biodiversity 
and conservation: Liwonde National Park, Lengwe National Park, Majete Wildlife reserve, Mulanje 
mountain ecosystem, Mangochi Palm Forest Reserve, the Shire marshes and Mwabvi wildlife reserve. 
In Mozambique, the tourism sector is non-existent in Milange and limited in Morrumbala and 
Mutarara to approximately 29 accommodation houses with capacity of about 400 beds.  
 
Informal economies provide a critical source of livelihoods for many people in the Shire System. 
While Malawi is endowed with several energy sources including coal, fuelwood, solar, hydro and wind, 
biomass is the major source of energy for households. This reliance provides income sources for 
people who collect and sell raw wood or charcoal. Similarly, wood is the most widely used energy 
source for food on the Mozambican side, including natural and planted (eucalyptus) forests. However, 
biomass is a threat to development, as it drives environmental degradation through deforestation, 
which may have indirect economic impacts. For example, deforestation has become a considerable 
problem in Milange. The people of Mutarara face challenges due to a lack of firewood along the border 
of Malawi where people can travel 6 to 12 kilometres for the nearest source. Still, in some areas, 
individuals use indigenous trees for construction and to manufacture handicrafts. In addition, 
Morrumbala is home to a 170,000-hectare forest and several forest reserves and parks exist in the 
Malawian portion of the Shire. Examples of other informal economic activity in the region include 
domestic businesses run by women and repairing vehicles.  
 
Opportunities for improved livelihoods in Mozambican portion of the Shire system are limited by 
trade routes. Traders from Quelimane, Beira and sometimes Maputo, Gaza and Inhambane support 
local trade in Morrumbala, while Mutarara does not attract any outside traders. In Mutarara, non-
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agricultural profits from chopping wood, carpentry, and repairing vehicles comprises the major 
elements of the formal economy of the district, with much of the district economy coming from 
marketing of agricultural products and fish to the local market.  
 
Industry plays an important role for livelihoods in the Malawian portion of the Shire system. Most 
of the industry and mining activity in the Shire River Basin is located in Blantyre, which is the second-
largest city in Malawi and the centre of commerce and finance. The Lengwe and Mwabvi coalfields are 
located in the Shire River Basin, though they remain largely unexploited as less than 2 percent of 
energy production in the country is produced from coal. Several other minerals are present in Shire 
River Basin including rare earth elements,namely; phosphate, columbite-tantalite, pyrochlore, 
uranium, graphite, limestone, and several others (NSDC, 2016). Industry in the Mozambican portion 
of the Shire River Basin is limited to 99 milling businesses and 240 commercial establishments in 
Mutarara. Morrumbala/Derre also has two quarries in Longozie and Nambui for stone construction 
(Ministério de Administraçao Estatal, 2014a, 2014c, 2014b). 
 
Access to credit from development interventions and commercial banks exists in the Malawian 
portion of the Shire, while data was not available for the Mozambican portion. In Malawi, 40 percent 
of households had income that allowed them to meet daily expenses, but 24 percent were not 
satisfied with their base income and supplemented that income with borrowing. Twenty-one percent 
of households indicated their current income was not sufficient so they had to rely on savings. While 
10 percent indicated they do a little saving, only 6 percent reported that their income is sufficient to 
allow them to build up their savings. In 2016, 18 percent of households had some interaction with the 
credit market, with 13 percent successfully obtaining a loan. In the Southern Region, the most 
common reasons for obtaining a loan were for a business start-up (56.2 percent) and food crops (29.9 
percent; NSO, 2017). The highest proportion of loan recipients received credit from village banks. In 
addition, the World Bank provided significant loans through Common Interest Groups to start-ups and 
smallholder farmers to promote development in the region.  
 

3.9 Key Messages 
 
The socio-economics and demographics of the Shire River-Aquifer System reveal important 
considerations for shared water management. Three key messages are as follows: 
 

• Development challenges are substantial. More than half of the population of the Shire River 
Basin lives in poverty. Economic growth rates only slightly exceed population growth rates. 
The developmental context, therefore, imposes a major constraint – and major urgency – to 
fully tap water and other resources to alleviate current challenges.   

• Current levels of population and development suggest agriculture and resilience-
strengthening opportunities, particularly on Mozambican side. Development challenges on 
both sides are formidable. Population density is also relatively low in Mozambican portions of 
the Shire River Basin. These realities indicate that water resources are not fully utilized in the 
Shire River Basin, presenting opportunities for strategic development. Conjunctive 
management of groundwater and surface water may maximize benefits that can be derived 
from water uses. 

• Effective responses to development challenges may require new or unconventional 
approaches. Endemic poverty in the Shire system is the cause and consequence of low 
education levels and poor health outcomes. Low literacy and educational attainment in the 
current adult population and low enrolment rates in the current school age population may 
inhibit individuals from seizing economic opportunities and strategically managing local water 
resources. Poor health outcomes are similarly detrimental to economic and social life, and 
while some are driven by external factors (e.g., HIV/AIDS), others are directly connected to 
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the water system through transmission and exposure pathways (e.g., cholera, malaria, 
schistosomiasis). Ultimately, developing and applying new approaches based on local 
knowledge and capacity through that draws on interlinkages between surface water, 
groundwater and health-related trends may be critical for improving livelihoods in the Shire 
system.  
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4. Climate 

4.1 Precipitation 
 
Spatial Distribution of Rainfall Stations. Long-term monthly precipitation data for 32 weather stations 
and monthly maximum and minimum temperature data for 11 weather stations in and around Shire 
River Basin were provided by the Department of Climate change and Meteorological Services and 
Department of Water Resources, Malawi. In addition, monthly rainfall data for seven stations was 
obtained from Mozambique. Figure 4.1 shows the location of all rainfall stations. Substantial data gaps 
were apparent in the data. Nonetheless, the following parameters were analysed for each station for 
the record period: (1) total rainfall, (2) annual minimum and maximum rainfall, (3) mean annual 
rainfall over the record period, and 4) annual rainfall coefficient of variation (CV).  

 
Figure 4.1: Rainfall stations and distribution of rainfall in and around the Shire System 
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Spatial and Temporal Rainfall Variability in the Shire Annual rainfall over the Shire River Basin is quite 
variable, both spatially and temporally. The highest annual rainfall (3408 mm) was recorded in 
1973/74 at Bvumbwe and the second highest annual rainfall (3193 mm) was recorded in 1975/76 at 
Lujeri rainfall station. The mean annual rainfall at Bvumbwe and Lujeri is 2233 and 2228 mm, 
respectively. Both stations are located in mountainous areas, hence the high annual rainfall could be 
due to topographic highs. The highest rainfall variability with CV of 0.45 is observed in Caia station, 
Mozambique. Toleza Farm and Nsanje stations also show strong inter-annual variability. Ngongondo 
et al. (2011) found similar inter-annual variability in annual rainfall after analysing 42 rainfall station 
for the whole of Malawi. Daily rainfall of 398 mm was recorded on 12 January 2015 at Chichiri station. 
This is the highest ever rainfall recorded over 24 hours in Shire River Basin. 
 
Table 4.1: Minimum, maximum and mean rainfall, coefficient of variation (CV) and data period used 
for the analysis of 32 stations in Malawi and two rainfall stations selected based on their location in 

Mozambique. 

Station Minimum Maximum Mean CV Data analysis period 

Balaka 334.30 1351.80 798.25 0.30 1970/71-2015/16 

Bvumbwe 1502.00 3408.20 2233.08 0.22 1970/71-2015/16 

Chancellor 

College 760.50 2335.70 1321.44 0.27 1970/71-2015/16 

Chichiri  620.40 1598.40 1137.04 0.19 1970/71-2015/16 

Chikwawa 409.00 1488.00 782.76 0.30 1970/71-2015/16 

Chileka 546.70 1439.20 884.66 0.23 1970/71-2015/16 

Chingale 544.20 1548.00 917.24 0.25 1970/71-2015/16 

Chiradzulu 621.20 1628.30 980.11 0.24 1970/71-2015/16 

Liwonde 330.20 1513.10 822.90 0.31 1970/71-2015/16 

Makanjira 379.20 1367.40 870.58 0.25 1970/71-2015/16 

Makhanga 326.70 1251.10 739.32 0.28 1970/71-2015/16 

Makoka 538.20 1397.00 997.44 0.21 1970/71-2015/16 

Mangochi 321.00 1472.60 828.13 0.30 1970/71-2015/16 

Mimosa 733.40 2408.00 1594.84 0.21 1970/71-2015/16 

Monkey Bay  347.10 1381.25 869.41 0.27 1970/71-2015/16 

Mpemba 533.20 1526.80 1064.80 0.25 1970/71-2015/16 

Mulanje 604.50 2849.40 1590.43 0.32 1970/71-2015/16 

Mwanza 453.90 1921.30 1025.08 0.27 1970/71-2015/16 

Namiasi 251.30 1254.00 756.51 0.29 1970/71-2015/16 

Namwera 475.80 1540.40 1038.16 0.24 1970/71-2015/16 

Nankumba 388.50 1438.20 881.10 0.30 1970/71-2015/16 

Nchalo Illovo 262.90 1097.00 689.86 0.31 1970/71-2015/16 

Neno 632.70 1764.40 1148.07 0.26 1970/71-2015/16 

Ngabu 701.90 2644.80 1592.75 0.27 1970/71-2015/16 

Nsanje 307.20 2661.50 998.59 0.40 1970/71-2015/16 

Ntaja  511.80 2076.90 1203.17 0.29 1970/71-2015/16 

Phalula 433.10 2180.60 876.48 0.37 1970/71-2015/16 

Thuchila 535.70 1967.10 998.52 0.35 1970/71-2015/16 

Toleza Farm 414.70 2830.00 961.44 0.41 1970/71-2015/16 

Thyolo 716.40 1928.60 1244.48 0.23 1970/71-2015/16 

Zomba 651.80 1874.10 1147.53 0.27 1970/71-2015/16 

Lujeri  1273.90 3193.70 2228.47 0.21 1970/71-2015/16 

Megaza 486.00 1010.00 671.25 0.24 2004/05-2011/12 

Caia 506.00 1849.00 912.00 0.45 2001/02-2010/11 

The selected common period for annual rainfall analysis was 1970/71-2015/16. However, due to 
missing data from Mozambique (Megaza and Caia), there was only a short overlap in time periods 
included in the analysis. 
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4.2 Trend Analysis of Rainfall 
 
Determining areal rainfall averages in the Shire River Basin: The Thiessen polygon method is the 
most common method used for determining areal average rainfall for a catchment using point rainfall 
measurements.  In total 34 rainfall stations (Table 4.1) were used to construct the Thiessen polygon 
network. Among the 34 stations the Thiessen polygon method selected 30 stations (29 from Malawi 
and one from Mozambique), Figure 4.2. Stations not selected by the Thiessen polygon methods were 
Monkey Bay, Nankumba, Zomba and Caia. For each polygon the nearest rainfall station is assigned 
and the percentage area covered by each station is calculated. Although 28 out of the 30 rainfall 
stations have overlapping data for the period 1970/71-2015/16, the Megaza and Caia rainfall stations 
have relatively short overlapping data. Therefore, calculation of areal rainfall was carried out using 
mean annual rainfall presented in Table 4.1. The calculated weights using the Thiessen polygon give 
an idea as to how each rainfall station in the basin contribute for the overall water balance calculation 
of the basin. The Megaza station, with the greatest Thiessen polygon coefficient, accounts for 9.6% of 
the total weight.. The Shire River Basin average areal rainfall calculated based on Thiessen polygon 
coefficients and mean annual rainfall presented in Table 4.1 is about 1016 mm/year. 
 

 
Figure 4.2: Rainfall stations and Thiessen polygon coverages 
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Determination of significant trends The Mann-Kendall and distribution free Cumulative Sum (CUSUM) 
tests were utilized to identify trends and step jumps in annual rainfall and minimum and maximum 
annual temperature. An overview of Mann-Kendall and distribution free Cumulative Sum (CUSUM) 
test is provided below: 
 

• Mann-Kendall Trend test is a non-parametric, rank-based method for evaluating the presence 
of trends in time series data. The original algorithm was derived by Mann (1945) and Kendall  
derived the test statistic distribution (Abdi, 2007). The data is ranked according to time and 
then each data point is successively treated as a reference data point and is compared to all 
data points that follow in time. Compared to parametric statistical tests, non-parametric tests 
are advantages in the sense that it does not require prior determination of the underlying 
probability distribution of the random variable and also the method is not affected by outliers 
(Hirsch and Slack, 1984). Since the test statistics work based on the sign difference rather than 
on the magnitude of the data itself, it is less affected by the outlier of the data (Onoz and 
Bayazit, 2003). Hence, non-parametric tests are suitable for non-normally distributed data 
which are frequently encountered in hydro-meteorological time series (Dou et al., 2009). The 
Mann-Kendall test has two parameters that are of importance to the trend detection. These 
parameters are the significance level that indicates the trend’s strength, and the slope 
magnitude estimate which indicates the direction as well as the magnitude of the trend. 
Mann-kendall test statics are described in Dou et al. (2009).  

• Distribution-free CUSUM test is a rank-based test in which successive observations are 
compared with the median of the series (McGilchrist and Woodyer, 1975). It is a non-
parametric test that does not require any assumption about the form of distribution that the 
data derive from, e.g. there is no need to assume data are normally distributed (Taylor, 2000, 
Kundzewicz and Robson, 2004). The test statistics for the distribution-free CUSUM is the 
maximum cumulative sum of the signs of the difference from the median starting from the 
beginning of the series.  

 
Results: Significant Rainfall Change in six stations: Trend analysis was conducted in 32 rainfall station 
in the Malawi portion of the Shire. Since rainfall data from the Mozambique portion of the Shire is 
relatively thin, such analysis was not carried out. It is important to note that although the Thiessen 
polygon method identified 29 stations from Malawi portion of the Shire, the trend test was performed 
on all the 32 stations including those which are not part of the Thiessen polygon network. For instance, 
the Zomba station is within the catchment boundary but not selected by the Thiessen polygon 
network. Also, Monkey Bay and Nakambu are in close proximity to the watershed boundary, and 
hence it is worth analysing their trend. Among the records from 32 stations analysed, only those from 
six stations showed statistically significant trend in annual rainfall (Table 4.2): two showed increasing 
trend and four showed a decreasing trend. Figure 4.3 shows an increasing trend in annual rainfall at 
Mulanje station and Figure 4.4 shows a decreasing trend in annual rainfall at Balaka station. Figure 4.5 
shows step jump in annual rainfall for Mulanje station. 
 

Table 4.2: Annual rainfall (Rainfall year [Oct.-Sept.] trend and changing point test results 

Rainfall 
station 

Analysis period 
 

Mann-Kendall 
Trend test 

CUSUM 
Changing point test 

Balaka 1970/71-2015/16 Decreasing trend (α<0.05) NS (α<0.1) 

Bvumbwe 1940/41-2015/16 Decreasing trend (α<0.1) NS (α<0.1) 

Chancellor 
College 1970/71-2015/16 

Decreasing trend (α<0.05) NS (α<0.1) 
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Rainfall 
station 

Analysis period 
 

Mann-Kendall 
Trend test 

CUSUM 
Changing point test 

Monkey Bay  1960/61-2015/16 

Increasing trend (α<0.1) Statistically significant step 
jump (α<0.1), year of change 
1987.  

Mulanje 1970/71-2015/16 

Increasing trend (α<0.1) Statistically significant step 
jump (α<0.1), year of change 
1995.  

Ntaja  1970/71-2015/16 Decreasing trend (α<0.05) NS (α<0.1) 

 
  NS=data shows no statistically significant trend or step jump 
 

 
 
Figure 4.3: Annual rainfall trend at Mulanje station (annual rainfall data show statistically significant 

increasing trend at α < 0.1) 

 

 
Figure 4.4: Annual rainfall trend at Balaka station (annual rainfall data show statistically significant 

decreasing trend at α < 0.05) 
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Figure 4.5: Mulanje station shows a statistically significant step jump on 1994/95 (α< 0.01), data in 
later years are higher than earlier years 

 
Limitations of trend analysis: Long-term climate time series data may have been affected by a number 
of non-climatic factor overtime and hence once the data have been quality checked it is necessary to 
assess their temporal homogeneity (Alexandrov et al., 2004, WMO, 2009). According to Alexandrov et 
al. (2004) these factors include change in instrument, change in observing practices, change in station 
location, change in formula used to calculate means and change in station environment. For instance, 
WMO (2009) identified two changing points (inhomogeneities) or jump or gradual shift in annual average 
daily minimum temperature series at Amos station (Canada) due to small change in instrument location. 
As discussed in Alexandrov et al. (2004), there are several direct and indirect method for homogeneity 
testing. The rank order or changing point test is one of the commonly used indirect method for 
homogeneity testing or for identifying step jump or gradual shift in time series. According to WMO 
(2009) inhomogeneity may affect severely the extremes. 
 

4.3 Temperature  
 
Data from weatherstations: Minimum and maximum temperature data for 11 weather station in 
Shire Systems was obtained from Department of Water Resources, Malawi (Figure 4.6). No suitable 
weather stations exist for the Mozambican portion of the Shire River Basin.  
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Figure 4.6: Weather Stations in the Shire System 

Mean Annual Maximum Temperature. The mean annual maximum temperature ranges from 24.1 ± 
0.61 oC at Bvumbwe station to 32.4 ± 0.69 oC at Makhanga and Ngabu station. Figure 4.7 shows the 
mean annual maximum temperature for stations in Shire System.   
 
Mean Monthly Minimum and Maximum Temperatures Figures 4.8 and 4.9 shows the long term mean 
monthly minimum and maximum temperature average across the weather stations for overlapping 
period in the shire basin. Similarly, the mean annual minimum temperature ranges from 15.0 ± 0.46 

oC at Bvumbwe station to 20.5 ± 0.67 oC at Ngabu station. The mean monthly temperature ranges from 
19.09 oC (July) to 26.08 oC (November). 
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Trend analysis in minimum and maximum annual Temperature was carried out in 10 of the 11 stations. 
Since Ntaja station has missing data from 1991-1997, it was excluded from the analysis. Results of 
trend analysis of minimum temperature over the record period showed statistically significant 
increasing trend in all stations (Table 4.3). Similarly, analysis of maximum temperature data showed 
that 8 out of the 10 stations had increasing significant trend (Table 4.4). Monkey Bay and Ngabu are 
the two station which did not show statistical significant trend in maximum temperature. Data showed 
a statistically significant step jump in annual minimum temperature at 6 stations and annual maximum 
temperature at 8 stations. 
 

 
 

Figure 4.7: Mean maximum annual temperature across 11 weather stations in Shire basin 
 

 
Figure 4.8: Mean minimum annual temperature across 11 weather stations in Shire basin 
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Figure 4.9: Average monthly temperature across 10 stations for overlapping period 1985-2002. Ntaja 

station was not included in the mean calculation due to missing data in the period 1991-1997 

Table 4.3. Annual minimum temperature trend and changing point test results 
 

Station Analysis 
period 
 

Mann-Kendall 
Trend test 

CUSUM 
Changing point test 

Bvumbwe 1956-2006 
Increasing trend 
(α<0.1) 

NS(α<0.1) 

Chichiri 1966-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1989.  

Chileka 1961-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1986.  

Makhanga 1965-2002 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1976.  

Makoka 1969-2006 
Increasing trend 
(α<0.05) 

NS(α<0.1) 

Mangochi 1956-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1986.  

Mimosa 1956-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1991.  

Monkey Bay 1982-2006 
Increasing trend 
(α<0.1) 

NS(α<0.1) 

Ngabu 1972-2006 
Increasing trend 
(α<0.05) 

NS(α<0.1) 

Thyolo 1965-2005 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1986.  

NS=data show no statistically significant trend or step jump 
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Table 4.4. Annual maximum temperature trend and changing point test results 

Station Analysis 
period 
 

Mann-Kendall 
Trend test 

CUSUM 
Changing point test 

Bvumbwe 1956-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1988.  

Chichiri 1966-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1991.  

Chileka 1961-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1988.  

Makhanga 1965-2002 
Increasing trend 
(α<0.05) 

Statistically significant step jump 
(α<0.05), year of change 1986.  

Makoka 1969-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1986.  

Mangochi 1956-2006 
Increasing trend 
(α<0.05) 

Statistically significant step jump 
(α<0.01), year of change 1986.  

Mimosa 1956-2006 
Increasing trend 
(α<0.01) 

Statistically significant step jump 
(α<0.01), year of change 1986.  

Monkey Bay 1982-2006 NS(α<0.1) NS(α<0.1) 

Ngabu 1972-2006 NS(α<0.1) NS(α<0.1) 

Thyolo 1965-2005 
Increasing trend 
(α<0.1) 

Statistically significant step jump 
(α<0.01), year of change 1989.  

NS=data show no statistically significant trend or step jump 
 

4.4 Evapotranspiration 
 
A significant trend in evapotranspiration (ETO) is found at five stations Since pan evaporation data is 
not available, potential or reference evapotranspiration (ETO) was estimated using the Hargreaves 
Method (Hargreaves and Samani, 1985, Samani, 2000) based on Temperature data. ETO estimation 
was carried out at 10 temperature measuring stations (Figure 4.10). The mean annual ETO calculated 
for the 10 stations for over lapping period 1982-2000 ranges from 1581.32 ± 56.36 mm/year at 
Bvumbwe station to 2192.24 ± 83.96 mm/year at Makhanga station. Trend analysis of annual ETO 
showed statistically significant increasing trend at four stations and decreasing trend at one station 
(Table 4.5). Statistically, significant step jump in annual ETo was found in 4 out of the 10 stations 
analysed.  
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Figure 4.10: Potential or reference evapotranspiration estimated using the Hargreaves Method 
based on temperature data at 11 stations in the Shire River Basin 

 
Table 4.5. Annual ETO trend and changing point test results 

Station Analysis 
period 
 

Mann-Kendall 
Trend test 

CUSUM 
Changing point test 

Bvumbwe 1956-2006 
Increasing trend (α<0.05) Statistically significant step jump 

(α<0.05), year of change 1997.  

Chichiri 1966-2006 
increasing trend (α<0.05) Statistically significant step jump 

(α<0.05), year of change 1991.  

Makoka 1969-2006 
Increasing trend (α<0.01) Statistically significant step jump 

(α<0.05), year of change 1986.  

Mangochi 1956-2006 
NS(α<0.1) Statistically significant step jump 

(α<0.05), year of change 1991.  

Mimosa 1956-2006 
Increasing trend (α<0.01) Statistically significant step jump 

(α<0.01), year of change 1982.  

Ngabu 1972-2006 decreasing trend (α<0.1) NS(α<0.1) 

 

4.5 Climate Variability and Change 
 
Defining Climate Variability and Change: Climate variability and climate change are two different 
processes. Climate variability describes the way climate elements such as temperature and rainfall 
depart from the average value in given months, seasons or year. Variability reflects the way climate 
variables naturally fluctuate above or below a long-term mean. On the other hand, climate change is 
a long-term continuous slow and gradual change to average weather condition due to anthropogenic 
changes to the environment.  
 
Intra-annual Variability Precipitation in the Shire River Basin is highly variable both in space and time. 
About 92% of the annual precipitation occurs in the rainy season from November to April (Figure 4.11). 
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Inter-annual Variability: Inter-annual variability measured using CV is higher in areas where the total 
precipitation is low. This is consistent with Wood and Moriniere (2013) findings. Caia station also show 
high inter-annual variability (0.45), but it is not included in the analysis due to missing data.  
 
Regional Impacts of Climate Change: There is a general consensus that without further action to 
reduce greenhouse gas emission global average surface temperature is likely to increase by further 
1.8-4.0 OC in the 21st century (IPCC, 2007). Shongwe et al. (2009) projected more severe droughts in 
the southwest of southern Africa and enhanced precipitation farther north in Zambia, Malawi, and 
northern Mozambique. Climate change will affect water resources through its impact on the quantity, 
variability, timing, form, and intensity of precipitation (Adams and Peck, 2008). Temperature increase 
will accelerate hydrological cycle, alter precipitation amount and intensity and subsequently affect the 
timing of runoff and frequency of floods and droughts (Frederick and Major, 1997).  
 
Climate Change in the Shire System: Long–term average projected temperature data for Medium A1B 
Scenario (2040-2059) for the Shire River Basin from Global NCAR community Climate System Model -
3 (CCSM-3) (NCAR, 2012) shows an increase in temperature of 1.94 OC compared to historic climate 
simulation (1870-1999). Based on climate change vulnerability mapping, Coulibaly et al. (2015) 
showed that, the lower shire basin, specifically Chikwawa district is the most vulnerable area to 
climate change. According to Kaunda and Mtalo (2013), climate change affect the hydropower 
industry of Malawi due to frequent flooding, reduction of Shire river flow, sedimentation and  invasive 
aquatic weeds. Evidence presented earlier in this section, on rainfall and temperature, provides a clear 
picture of the effects of climate change that are already being felt in the Shire. 
 

 
Figure 4.11. Long-term mean monthly rainfall across 32 rainfall stations for the common period 

1970/71-2015/16 hydrologic year. 
 

4.6 Extreme Events and Disasters 
 
Droughts and Floods in Malawi and Mozambique: Drought and floods are the two main extreme 
events that are caused by climate extremes in Shire River Basin. According to Global disaster dataset 
(available online: https://www.emdat.be/), the frequency of drought since 1979-2016 in Mozambique 
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and Malawi were 13 and 8, respectively. During this period, drought affected a total population of 
28.7 million in Malawi and 20 million in Mozambique. During the period 1967-2018 Mozambique and 
Malawi experienced 36 and 38 flooding events, respectively. During this period, flood affected a total 
population of 2.85 million in Malawi and 9.78 million in Mozambique. Although the flood and drought 
data is an aggregate for the countries and may not be representative for the Shire System, they 
provide context on the magnitude of drought and flooding related disasters in the region.  
 
Droughts and Floods in the Shire System: According to Mijoni and Izadkhah (2009), the lower part of 
the Shire Valley is one of the most flood affected area of Malawi. The Nsanje and Chikwawa are the 
most affected district by flood (Shela et al., 2008). According to Shela et al. (2008) about 70% of the 
population in the Nsanje district is regularly affected by flooding from Shire and Ruo rivers. Profile of 
disasters related to the Shire River Basin in Malawi including the year, nature of disaster, places 
affected, extent of damage and action taken for the period of 1949- 2008 can be found in Shela et al. 
(2008). According to Shela et al. (2008), the Shire River Basin experienced 41 flooding incidents and 4 
drought years. Mijoni and Izadkhah (2009) reported five flood events during the period 1959-2006 in 
the Lower part of the Shire valley. These include floods in 1956, 1997, 2001, 2003 2006, and 2015. 
Shire river flood extent map derived from Sentinel remotes sensing data (DHI, 2015), is shown in Figure 
4.12. Vast swaths of Mozambican portions of the Shire River Basin are notably covered. Figure 4.13 
shows an illustration of the January 2015 flood affecting most district of Malawi especially the 
Southern low lying districts. 
 

 
 

Figure 4.12. Flood extent on 22 January 2015 mapped based on Sentinel -1A satellite data (source 
DHI news website) 
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Figure 4.13: Flooding on the 10th January 2015 affecting the low lying areas of Malawi, especially the 

Southern region of the country (source World Evangelical Alliance church website) 

Trends in Extreme Events: It has been reported that the frequency and intensities of floods in Shire 
System is increasing while adaptation measures to save lives from catastrophic damage remain limited 
(Mijoni and Izadkhah, 2009). According to Mijoni and Izadkhah (2009) and reference cited therein, 
although there is some uncertainties related to their projection floods and droughts in the region will 
become more likely in the future. These natural disasters are more likely to affect rural areas relying 
on subsistence farming and exacerbate the poverty level in the area (Mijoni and Izadkhah, 2009). The 
frequency of flood and drought in Malawi is also increasing over time since 1970s (Kumambala, 2010, 
Kaunda and Mtalo, 2013).  

Drought Analysis: A drought analysis was undertaken for Shire River Basin using Global Standardise 
Precipitation Evapotranspiration index (SPEI) (Beguería and Vicente Serrano). SPEI3 time series data 
for grid cell located (latitude -16.25 and longitude 34.75) in Lower Shire River basin since 1950s was 
used. SPEI values are classified based on McKee et al. (1993) drought classification categories shown 
in Table 4.6. Results show that in June 2015, most of the lower and upper Shire River Basin experienced 
moderate drought. Extreme drought events are more frequent since 2010 (Figure 4.15), this could be 
due to below average precipitation or an increase in temperature which in turn increase in 
Evapotranspiration. The most severe drought of 2015/2016 was attributed to the EL Nino effect that 
results in erratic rain across the basin, Malawi in General. (The Government of Malawi, 2016). 

Table 4.6: SPI classes and corresponding drought severity categories (McKee et al. (1993) and Bayissa 
et al. (2015) 

SPI Value Drought Category 

-2.00 and less Extreme 

-1.50 to -1.99 Severe 

-1.00 to -1.49 Moderate 

0 to -0.99 Near normal or mild 

Above 0 No 
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Figure 4.114. Global Standardise Precipitation Evapotranspiration index (SPEI) (Beguería and Vicente 

Serrano) for June 2015. SPEI classified based on McKee et al. (1993) drought categories 

 
 

Figure 4.15. SPEI3 time series for grid cell located (latitude -16.25 and longitude 34.75) Shire River 
basin (SPEI3 represent three-month average SPEI value and the location for the SPEI3 time series 

plot is shown in Figure 4.14) 

 

4.7 Key Messages 
 
The climate of the Shire River-Aquifer System reveals important considerations for shared water 
management. Key messages are as follows: 
 

• Impacts of Inter- annual Rainfall Variability call for improved responses: There is high inter-
annual variability in annual rainfall in the Shire System that may require more robust and 
coordinated responses. 
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• Temperature will increase: Trend analysis of annual minimum and maximum temperature 
showed statistically significant increasing trend. Projected temperature in Mid-Century (2040-
2059) for A1B medium emission scenario showed an increase in temperature in Shire-Basin of 
as high as 1.94 OC.  

• Rainfall may change: Trend analysis in annual rainfall showed a statistically significant trend 
in 6 of 32 stations. An increasing trend in annual rainfall was observed at two stations while 
four stations showed a decreasing trend 

• Rainfall in Mozambique is a major data gap: Significant data gaps exist in rainfall data, 
especially rainfall data obtained from Mozambique. These gaps constrain the absolute 
confidence with which assertions can be made. 
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5. Geology and Hydrogeology  

Introduction and methods: This section presents the existing baseline situation of geology and 
hydrogeology settings of the Shire River-Aquifer System. The section draws on published literature 
available from various sources including government reports and web based search for relevant 
material and new data.  
 

5.1 General geology and hydrogeology 
 
Regional Geological History: The regional geological history of Malawi and Mozambique comprises 
multiple crustal development events. The Post-Cambrian is characterized by the break-up of the 
Supercontinent Gondwana. In an early stage (Permian to Jurassic), the continent was split up along 
the East-West trending Limpopo and Zambeze Belts, where deep troughs were filled with continental 
Karoo sediments (Ferro and Bouman, 1987). The East African Rift System (EARS) runs 2,100 km north 
–south from Uganda to Malawi and formed during the onset of the Miocene. It can be seen at the 
surface as aligned tectonic basins forming rift valleys separated by uplifted continental blocks 
(Chorowicz, 2005) that extend from Ethiopia to Mozambique. A rift valley can be described as a linear 
shaped lowland formed on a divergent plate boundary between several mountain ranges initially 
created by the action of a geologic rift or fault and extended or deepened by erosion (Anderson and 
Grimm, 1998). 

 
The East African Rift Valley System: The rifts of the western branch of the EARS, in which the Shire 
System is located (Figure 5.1), are often filled with sediments or water that forms lakes (Specht and 
Rosendahl, 1989). The EARS is bordered on one side by steep normal faults and by en echelon step-
faults with minor vertical offset on the other side (Ring and Betzler, 1995; Ebinger et al., 1998). These 
rift events are responsible for the distribution of aquifer lithology within the Shire River Basin (Smith-
Carrington and Chilton, 1983).The development of the EARS and its related tectonic events largely 
controlled the Post-Karoo period of sedimentation. As a consequence, the Karoo (age of 180 – 300 
million years) and Post-Karoo sedimentary formations are sometimes intensely faulted, but only little 
folded, with slightly developed arch structures (Ferro and Bouman, 1987). Karoo Supergroup rocks are 
exposed outcrops consisting of a sequence of formations (e.g., shales and sandstones), deposited for 
a period of about 120 million years between the Late Carboniferous and Early Jurassic, and they cover 
almost two thirds of the land surface in southern Africa (Schlüter, 2008). Post karoo rocks are formed 
by continued erosion of older rock in Southern Africa over the past 180 million years, post karoo period 
(Schlüter, 2008). 
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Figure 5.1: Fault structure of the East African Rift System. Black lines are major faults. Elevation from 

highest to lowest is shown by light to dark orange colour (Chorowicz, 2005). 

 
Outcrops: Crystalline Precambrian basement, consisting of gneiss, schist, quartzite and limestone 
covers a large area (500,000 km2) north of the Zambezi River and is overlaid by weathered material 
(Ginn, 2002). Rock out-crops of Karoo formation consisting of conglomerate, sandstone, schist and 
coal seams with some basalt are found along the western border of Shire River Basin (Ginn, 2002).  
Quaternary alluvium deposits consisting of unconsolidated mixed clays, silts, sands and gravels reach 
up to 150 m thick in the lower Shire valley (Smedley, 2004) and support agriculture.  
 
Groundwater occurrence: Different geological lithologies in Malawi and Mozambique provide varying 
productive water-bearing units. Three main hydrogeological units are: a) aquifers related to the 
crystalline basement complex, b) aquifers occurring in Karoo formations and c) aquifers related to post 
Karoo formations (Groundwater Consultants Bee Pee (Pty) Ltd, SRK Consulting (Pty) Ltd, 2002). The 
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extensive but low yielding weathered Precambrian basement complex aquifers (type a) are in the 
plateau areas, the high yielding alluvial aquifers (type b) are in the lake shore plains and lower Shire 
valley and the medium yielding aquifers (type c) in the fracture zone of rift valley escarpments 
(Chavula, 2012). Karoo sedimentary and fractured igneous aquifers provide good yields in some areas 
of Mozambique, but some are currently untapped in Malawi. Hence, these karoo sedimentary and 
aquifers provide an opportunity for expanding abstraction. Other formations with poor water bearing 
include unfractured igneous and metamorphic rocks. 
 

5.2 Geology and hydrogeology of the Shire System  
 
5.2.1 Shire River Basin Geology 

 
Rock Groups: Rocks in Shire River Basin belong to four main lithostratigraphic groups: Precambrian 
crystalline rocks of the basement complex, Karoo sedimentary rocks, Post Cambrian volcanic and 
igneous rocks and Meso-Kenozoic sedimentary rocks (Ferro and Bouman, 1987; Groundwater 
Consultants Bee Pee (Pty) Ltd; SRK Consulting (Pty) Ltd, 2002; Chairuca et al., 2018). Precambrian 
crystalline basement rocks are dominated by gneiss and granulite with some metamorphic schists, 
quartzites and marbles (UN, 1989). Across the basement complex are outcrops of intrusive igneous 
rocks, such as the Nyika and Dzalanyama granites, syenites, and pegmatite and dolerite dykes (UN, 
1989). A large proportion of the Shire River Basin is dominated by these basement lithologies.  Karoo 
sedimentary rocks that overly crystalline basement rocks are on a small section in the western portion 
of the Shire River Basin, to the southwest of the valley (Figure 5.1). Underlying the sedimentary rocks 
are conglomerates, sandstones, argillaceous rocks and coal seams. Overlying the sedimentary rock are 
arkosic sandstones, marls and more argillaceous rocks. These rocks are cemented by calcite and can 
be over 3,500 m thick (UN, 1989).  Interbedded by sandstone and tuff layers are the Stormberg 
volcanic rocks from basaltic lava flows (UN, 1989). Post Cambrian volcanic and igneous rocks such as 
the Cretaceous and Quaternary sedimentary lithologies within the Shire River Basin are called the 
Lupata Sediments, which include loosely consolidated sandstones and unconsolidated sands, sandy 
marls, clays and conglomerates, with dominating aeolian desert sandstones (UN, 1989). Meso-
Kenozoic sedimentary rocks include the Quaternary alluvial deposits consisting of clays, silts, sands 
and gravels, deposited in the rift valley floor (UN, 1989). In the centre of the Shire Valley, the alluvium 
is 40 to 80 m thick, and reaches 150 m thickness in the lower Shire Valley (UN, 1989). 
 
Deposits: Overlying the alluvial deposits and weathered basement lithologies within the Shire River 
Basin are extensive colluvium deposits of residual soils formed by soil creep.  A high number of 
different gneiss and granulite lithology types alongside the structural faults and fractures within the 
basin give rise to the geological complexity. Figure 5.2 simplifies and illustrates the groups of basement 
complex and sedimentary formations allowing geological harmonization across the Malawi-
Mozambique border. The inconsistency in geology naming is also noted in Figure 5.2, where granulite 
(metamorphic) description is used in Malawi, but granite (igneous) and syenite is used in Mozambique, 
just across the border. On the contrary, geology is expected to be uniform across the border.  A 
geological stratigraphy column in Figure 5.3 illustrates the general relationships between the 
geological units within the basin. 
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Figure 5.2: Harmonized geology within the Shire River Basin (UN, 1989) 
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Figure 5.3: Generalised vertical section of the Shire River Basin (Habgood, 1963) 
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5.2.2 Shire River Basin Hydrogeology 
 
Aquifer Types: Figure 5.4 shows a simplified hydrogeological map of the Shire River Basin 
(Groundwater Consultants Bee Pee (Pty) Ltd, SRK Consulting (Pty) Ltd, 2002; Chairuca et al., 2018). A 
large part of the Shire River Basin is covered by Precambrian basement complex aquifer, with generally 
low water yield, followed by unconsolidated sedimentary aquifer, with high water productivity 
potential. Only a small area is covered by both igneous and karoo aquifers. A brief description of each 
aquifer type is presented in the next section.  

 
 

 
Figure 5.4: Simplified hydrogeology of the Shire River Basin (Groundwater Consultants Bee Pee (Pty) 

Ltd, SRK Consulting (Pty) Ltd, 2002; Chairuca et al., 2018) 

 
Unconsolidated sedimentary aquifers: The Shire alluvial and colluvial aquifers are located in the 
south, and some smaller aquifers to the northeast of the Shire River Basin. The alluvial sequences 
constitute clay, silt, sand and gravel. Alluvial and lacustrine deposits can form highly productive 
unconfined aquifers where they are better sorted and dominated by coarse-grained sediment - sand 
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and, sometimes, gravel - and where they are thick enough. Groundwater can be in hydraulic contact 
with adjacent rivers or lakes, with water table depths ranging between 5 m and 10 m below the ground 
surface (Chavula, 2012). The average borehole yield from alluvial aquifers in the Shire River Basin is 
0.015 m3/s, hydraulic conductivity ranges from 1 to 10 m/d; transmissivity ranges from 50 to 300 
m²/day; and storage coefficient ranges from 0.01 to 0.05, and depth to groundwater ranges from 10 
m to 30 m below ground surface. 
 
Potential of Unconsolidated Sedimentary Aquifers: Unconsolidated sedimentary sequences generally 
have good permeability, porosity and storage capacity. These aquifers are important groundwater 
sources. In the upper part of the Shire River valley, the alluvium has thickness of 40-80 m in the centre 
of the valley, while in the Lower Shire valley, the alluvium has thickness 0- 150 m (Smith-Carrington 
and Chilton, 1983).  
 
Weathered basement aquifers: Weathered basement aquifers are located in topographical highs of 
the Shire System. Rate of chemical and physical weathering processes (Table 5.1) is controlled by joint 
spacing, lithofacies, mineral components, and agglomeration degree of rock mass (Smith-Carrington 
and Chilton, 1983). Rocks with strong resistance to weathering, hardly form weathered zones and 
hence do not yield a lot of groundwater e.g., quartzite (Table 5.1). The weathered zones are divided 
into three layers: (1). the laterite layer consisting of mainly red clay or completely weathered silt; (2). 
the saprolite layer consisting of quartzitic clayey sand or heavily weathered fine to coarse sand; and 
(3). medium weathered layer, which is the highest yielding layer, consisting of rock mass separated 
into fragments or small blocks by chemical action of groundwater infiltrating into rock joints. 
Generally, water depth below the ground surface ranges from 15 to 30 m.  
 
Transmissivity: Transmissivity of weathered basement aquifers range from 5 to 35 m2/day, with 
hydraulic conductivities ranging from 0.01 to 1 m/d and storage coefficient ranging from 0.01 to 0.001 
(Mkandawire, 2004). Groundwater flows are under unconfined to confined conditions. Although 
weathered basement aquifer produces low borehole yields, they are sufficient for domestic use 
(Chilton and Smith-Carington, 1984; Mapoma et al., 2014), these yields are highest where the 
saturated thickness of the weathered zone is greatest and the parent bedrock is coarse (Chilton and 
Smith- Carington, 1984).  
 
Table 5.1: Weathering of common metamorphic and igneous rocks with their water bearing capacity 

(UN, 1989) 
Parent rock Texture of 

aquifer 

Jointing Weathering 

products 

Depth of 

weathering 

Water bearing 

capacity 

Gneiss  Coarse grained Moderate  Clay minerals, 

quartz persists 

Moderate to 

deep 

Good  

Schists Foliated  Cleavage  Clay minerals Deep  Poor  

Quartzite  Fine-coarse 

grained 

Strong  Mechanically 

weathered 

quartzite 

Shallow  Poor to very 

poor  

Granite and 

granodirite 

Coarse grained Strong Clay minerals, 

quartz and mica 

Deep  Good 

Syenite Coarse grained Moderate Clay minerals Moderate  Poor  

Gabbro Coarse grained Little  Clay minerals Moderate Poor  

Dolerite Fine grained Strong  Clay minerals 

and iron oxides 

Moderate to 

deep 

Poor  

Basalt Fine grained Strong  Clay minerals 

and iron oxides 

Moderate to 

deep 

Poor  
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Fractured basement aquifers: Fractured basement complex aquifers are associated with low overall, 
but locally substantial, water productivity associated with geologically structures, e.g., folds, faults, 
fractures and contacts between different rock types. Typical fractured basement aquifers, or aquifer 
compartments, are mostly linear with length and width ranging from 1,000 to 2,000 m and 40 to 100 
m, respectively, and thickness ranging from 25 to 40 m (Ferro and Bouman, 1987). Wells in the Gabbro-
Anorthosite Complex in Mozambique are moderately productive due to the coarse textured minerals, 
faulting and fracturing structures (Ferro and Bouman, 1987).  Basement complex rocks have low 
productivity with exceptions found along fractured and unfractured dikes (Figure 5.5), e.g., in 
Cambulatsitsi and Necungas in the south-east of Tete province (Ferro and Bouman, 1987). Yields of 
40-60 m3/h have been observed in fractured aquifers across the majority of the Shire System. 

 

 
Figure 5.5: Illustration of the discontinuous and heterogeneous nature of the basement complex 

aquifers (Fraser, 2018) 
 

Karoo sedimentary and igneous aquifers: Karoo Sedimentary and Igneous aquifers have a thick 
sequence of sedimentary rocks intruded by dolerite dykes and sills, with low to moderate water 
productivity (Woodford et al., 2013). Karoo rocks are generally well-cemented with low porosity and 
intergranular permeability such that water storage and flow occurs in rock fractures. For igneous 
aquifers, the most porous and permeable parts are in the weathered zones. Groundwater levels below 
ground surface range from 20 m to 30 m (UN, 1989). These aquifers are located in the southwest 
within the Shire River Basin. Aquifer characteristics for Malawian portions of the Shire System are 
summarized in Table 5.2 (Ministry of Agriculture, Irrigation and Water Development (MoAIWD 2016a, 
2016b). 
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Table 5.2: Summary of aquifer types in the Malawi part of the Shire River Basin (MoAIWD, 2016b) 
Aquifer type Occurrence 

in Basin 

Lithology Depth  

(m) 

Productivity 

(yield) 

Transmissivity Storage 

coefficient 

Fractured 

crystalline 

basement  

Central  Gneiss and 

Granulite 

15-30 1-70 m3/h 5 to 35 m²/day 

 

0.01 to 0.05  

Weathered 

crystalline 

basement 

Central  Gneiss and 

Granulite 

15-30 1-6 m3/h 5 to 35 m²/day 

 

0.01 to 0.05  

Karoo 

Sedimentary  

Southwest  Clastic 

sedimentary 

units 

20-30 1.5 m3/h Unknown unknown 

Karoo 

Igneous  

Southwest 

and east  

Basalts and 

Rhyolites 

20-30 1.5 m3/h Unknown unknown 

Alluvial/ 

Colluvium 

South and 

northeast  

Unconsolidated 

sediments and 

soils  

5-10 54 m3/h 

 

50 to 300 

m²/day 

0.01 to 0.05  

 

 
Aquifer types in Mozambique portion of the Shire System (Ferro and Bouman, 1987): The 
Mozambique portion of the Shire River Basin fits into the Volcanic Grounds, which occurs in the 
transition zone between the Base Complex and the Sedimentary Formations (Ferro and Bouman, 
1987) in terms of Hydrogeological Provinces. These areas include basalts, rhyolites and alkaline lavas. 
The aquifers of this province have a little developed layer of meteoric alteration that rarely exceeds 
10 m in thickness. The northern part is bounded by the Maniamba basin, a sedimentary sequence that 
is part of the Ecca and Beaufort series (Lunho Series), and is associated with variable water quality. In 
the southern part, the Grain of Chire-Urema occurs and has an alluvial filler of more than 40 m in 
thickness and contains fresh water. 

                                           
Figure 5.6: Mozambique Portion of Shire (Ferro and Bouman, 1987) 
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Three aquifers areas – entitled A, C1 and C3 (Figure 5.6) – were mapped in the Mozambique portion 
of the Shire (Ferro and Bouman, 1987). Data from observation boreholes showed yield rates ranging 
from 0.9 – 9 m3/h and full depths from 18 to 57 meters (Ferro and Bouman, 1987). 
 

• Area A: Predominantly inter-granular (Continuous and generally unconsolidated) aquifers 
(Ferro and Bouman, 1987). These are areas of high permeability that form very productive 
aquifers with yields greater than 50 m3/h. The aquifers consist of sandy deposits of fluvial 
origin including pebbles, silts or clayey beds of Quaternary age. The annual recharge rate is 
classified as medium to high, and is estimated be about 50 mm/yr. In the same sequence (Qc), 
there are also moderately productive aquifers with yield range of 3 – 10 m3/h (Ferro and 
Bouman, 1987). The aquifers consist of colluvium, related to mountainous areas or cliffs. 
These aquifers are reported to be hydraulically connected to surface water bodies or rivers, 
and predominantly with the Shire River from Milange District to the confluence zone with the 
Zambeze River in Morrumbala District. The water from this aquifer is generally good, however, 
there are local pockets of brackish water. 

• Area C1: Local (inter-granular or cracked) aquifers (Ferro and Bouman, 1987). These are areas 
of low permeability that form aquifers of very limited productivity with yields less than 5 m3/h 
(Ferro and Bouman, 1987). In these aquifers, the thickness of the layer varies between 20 and 
50 m. Groundwater occurrence is related to developed weathered layer and high possibility 
of failed drillings are most likely. 

• Area C3: Mountainous aquifer areas without significant layer change (Ferro and Bouman, 
1987). These are areas practically devoid of groundwater and are constituted by rocks of the 
migmatitic gneiss complex with yields less than 1m3/h (Ferro and Bouman, 1987). The 
occurrence of groundwater is related to springs and faults that may exceptionally have 
moderate to high yields. The areas C1 and C3, correspond to the mountain ranges and cliffs 
from the Districts of Derre, Mutarara and Milange. However, the water quality in these two 
areas is affected by salinity and brackish water resulting from the geochemical interaction that 
may reach 500 mg/ℓ dry residue of mineralization (Ferro and Bouman, 1987). 

 
Aquifer Recharge: Groundwater recharge can be defined as the portion of total rainfall falling into a 
drainage basin that ultimately reaches the water table by percolation in an aquifer / or the lateral 
migration of groundwater from adjacent aquifers (Freeze and Cherry, 1979). Aquifer recharge 
estimation (Figure 5.7) was taken to be equal to baseflow from hydrograph separation method 
(MoAIWD, 2018b). This estimation underestimates the recharge as there are losses as percolation 
occurs. On the other hand, recharge could be enhanced by focused recharge from perennial flow in 
rivers recharging aquifers, especially during the dry season/periods. The highest recharge, mainly from 
rainfall, is estimated to rangs from 30-200 mm/a, while the recharge for larger proportion of the basin 
may range from 5-15 mm/a (Figure 5.7). The topographical high areas provide high precipitation 
(Figure 4.1) and high recharge zones e.g., areas around Mulanje/Milange and in the northern part of 
the basin, near Lake Malawi/Nyasa (MoAIWD (2018b). In Mozambique, using water storage capacity 
of the soil and slope of the terrain Ferro and Bouman (1987) noted that basement complex is situated 
in areas with medium to high rainfall and has medium recharge index, while sedimentary areas have 
low rainfall, but medium to high recharge capacities. Small soil storage capacity, high rainfall and 
gentle slope results in high recharge capacity. 
 
Higher recharge around Mulanje Mountain: There is high recharge around Mulanje Mountain in 
Malawi and across the border in Mozambique. The reason is that the area is at the base of mountains 
that receives higher rainfall, hence the recharge is also high.  The high altitude area receives 
orographic rainfall when warm air mass rises above the mountain and it is cooled to form clouds and 
then rainfall. However, there is threat of pollution from agricultural nutrient leaching and sanitation 
in the Mulanje area. There is potential for pathogenic pollution from inadequate sanitation and pit 
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latrines as well in Mulanje, which could have heath impacts to communities relying on groundwater. 
Hence, land use in this high recharge zone should be properly planned and managed to protect the 
water resources from pollution. 

 
Figure 5.7: Recharge based on baseflow separation within the Shire System (MoAIWD, 2018b) 

 
Groundwater sources: Ministry of Agriculture, Irrigation and Water Development (2018b) in Malawi 
used seasonal isotopic analysis surface and groundwater to determine the origin of the groundwater 
within the Shire River Basin. The dry and wet seasons show similar stable isotope (deuterium and 
oxygen) signatures, indicating strong interaction of surface water and groundwater (Figure 5.8). 
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     Figure 5.8: Relation of seasonal variability of stable isotopes in groundwater in Malawi part of the 

Shire River Basin (MoAIWD, 2018b). GMWL is Global Meteoric Water Line 

 
Dry Season (May-October) Groundwater Composition: The isotopic composition of groundwater 
ranged from -38.8 to 22.8 ‰, with a mean of -29.5 for δ2H and -6.31 to 3.69 ‰, with a mean of -4.81 
for δ18O. The enriched values due to evaporation (dashed line in Figure 5.8) for δ2H and δ18O were 
observed at Nankhonya village in T/A Jenala of Phalombe and Mtambo village in T/A Chimwala of 
Mangochi district, respectively. Most enriched values for both δ2H and δ18O were observed at Austin 
village in T/A Nkaya, Balaka district during the month of October 2017.  
 
Wet Season (November-April) Groundwater Composition: The isotopic composition of groundwater 
ranged from -38.8 to 22.8 ‰, with a mean of -29.5 for δ2H and -6.31 to 3.69 ‰, with a mean of -4.81 
for δ18O. Most depleted values for both δ2H and δ18O were observed at Mawira Hot Spring in T/A Sitola 
of Machinga district during the month of April 2018; whereas the most enriched values for both δ2H 
and δ18O were observed at M’baluku Mosque borehole in T/A Chowe of Mangochi district during the 
month of March 2018.  
 
Seasonal variability in isotopic composition: Most of the groundwater sites plotted along the Global 
Meteoric Water Line (GMWL), which is characteristic of quick precipitation recharge from monsoon 
rains without evaporation. Isotopic precipitation input was prominent during the wet season, 
indicated by the clustering of groundwater points along the GMWL. Some groundwater sites plotted 
below the GMWL, indicating enrichment due to secondary evaporative effects of recharging water. 
This was evident during the dry season at Austin village, Msamati village and Sadulo village of 
Chikwawa district (Figure 5.9). 

 
5.2.3 Groundwater levels within the Shire System 

 
Flow Directionality: Groundwater flow direction based on borehole static groundwater levels at 
drilling are presented in Figure 5.8 (MoAIWD, 2016c). Groundwater flow direction is from north-east 
to south-west in the upper basin, while it flows in the south-easterly direction from middle to lower 
basin.  Local structures can influence this flow direction. 
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Figure 5.9: Static groundwater levels within the Shire System (MoAIWD, 2016c). Black arrows 
illustrate potential regional groundwater flow. 

 
Borehole Distribution and Water Levels: The highest number of boreholes are found in the Malawian 
part of the Shire River Basin (Figure 5.10). The borehole depths range from 12-100 m, with a mean of 
25 m (MoAIWD, 2016b). Groundwater times series data from boreholes in Malawi part of the Shire 
System show mixed seasonal fluctuations and missing data (Figures 5.11). However, some sites show 
declining groundwater levels (e.g., at Mulanje District Water Office (DM148)), while other sites show 
seasonal cyclic variation (e.g., Balaka water office DM136). There were no data available from 
Mozambique to enable comparative trend analysis.   
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gure 
Figure 5.10: Spatial distribution of boreholes in Shire System (Ministério da Administração Estatal, 

2014a; MoAIWD, 2016b). 
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(a) 
 

 
(b) 
 Figure 5.11: (a) and (b) Seasonal variation of groundwater levels from monitoring boreholes in 
Malawi (Data source: MoWDI (2018) 

 
 

 
5.2.4 Soils and soil properties 

 
Soils: Soils within the Shire System vary considerably (Figure 5.12). Along large parts of the Shire Valley 
in Malawi, the bedrock is overlaid by unconsolidated Quaternary alluvium and colluvium and drifts 
(Smith-Carrington and Chilton, 1983). Vertisols (black cotton soils), are found at the Ngabu area of the 
Lower Shire Valley and around Lake Chilwa. They are alkaline clays which are very sticky when wet 
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and crack on shrinking when they dry out.  Red soils with a medium texture are the most abundant 
soils (about 20%), followed by lytic soils (about 12%) of the basin in Mozambique. All other soil 
groupings occupy less than 10% of the area of the basin (Ministério da Administração Estatal, 2017).  
Soils with good drainage conditions, and suitable for agriculture, cover 60% while the rest has 
moderate to poor drainage in the Shire River Basin (Ministério da Administração Estatal, 2017). 

 

 
Figure 5.12: Soil distribution within the Shire River Basin (Ministério da Administração Estatal, 2017) 

 

5.3 Groundwater quality  
 
Salinity: Most aquifer formations in the Shire River Basin contain relatively fresh groundwater with 
low concentrations of Total Dissolved Solids (TDS) with values of less than 1,000 mg/ℓ and Electrical 
Conductivity (EC) levels of up to 17,000 µS/cm in some areas in the Malawi part of the lower Shire 
valley (Smith-Carrington and Chilton, 1983; UN, 1989; MoAIWD, 2018a). The maximum allowable limit 
from the MBS (2005) is 3,500 µS/cm. Several boreholes in the lower part of the shire valley in Malawi 
part of the Shire System have nonetheless been abandoned due to high salinity (Smith-Carrington and 
Chilton, 1983). In Mozambique, preliminary low Electrical Conductivity ranging from 172-192µS/cm 
has been observed. Ultimately, groundwater resources in some parts of the lower section of Shire 
River valley are not potable due to high salinity from mixing of fresh groundwater with evaporated 
recharge and saline groundwater (see Box 1). Smedley (2004) reported evaporative concentration 
occurring where the water table is close to the ground surface and where evaporation greatly exceeds 
recharge, e.g., Shire marshes (Monjerezi et al., 2011a). 
 
 
 



 
 

54 
 

Box 1: Why more salinity in Malawi than Mozambique?  

 
Salinity in Groundwater: Groundwater is considered safer for drinking than untreated surface water. 
However, high salt levels contaminate the groundwater resources and limit the intended water uses for 
domestic, agricultural and industrial purposes. The high salt levels are caused by increases in chemical 
constituents that make up the Total Dissolved Solids (TDS) in groundwater, through the process of 
groundwater salinization (Monjerezi, 2012). With groundwater salinization, mobilization of potentially toxic 
minor elements in groundwater are enhanced by formation of metal-chloride complexes that negatively 
affect human health in communities dependent on groundwater (Bäckström et al., 2004). In general, the 
sources of salinity in inland areas according to Nakwafila, 2015 include evaporitic salts dissolution, 
concentrations by evaporation, deep aquifer brines, dissolution of minerals from the aquifer geology as well 
as salts from anthropogenic activities (i.e., mining).  
 
Salinity in the Shire: British Geological Survey (2004) reported high salinity from high concentrations of 
Sodium (3,600 mg/ℓ) and Chloride (4,000 mg/ℓ) as a result of either evaporative concentration or dissolution 
of evaporate minerals in sedimentary rocks in lower Shire Valley groundwater in Malawi. In areas where the 
water table is close to the ground surface and where evaporation greatly exceeds recharge, evaporative 
concentration is greatest. Bath (1980) noted high concentrations of Sodium and Chloride in groundwater from 
the lower Shire valley as a result of evaporation and dissolution of evaporite minerals. Most boreholes close 
to the river and with shallow water tables were reported to have saline groundwater. Far away from the river, 
saline groundwater is a result of dissolution of evaporite minerals such as halite (NaCl) and gypsum (CaSO4). 
For groundwater from alluvial deposits close to the Karoo sediments, Chloride and Sulphate concentrations 
of up to 2,100 mg/ℓ and 2400 mg/ℓ, respectively, were observed. Low salinity values of TDS ranging from 
200–740 mg/ℓ were reported in groundwater from weathered basement aquifers (British Geological Survey, 
2004).  In some areas of Shire River Basin, high Sulphate concentrations (greater than 2,000 mg/ℓ), were 
observed in high saline waters likely as a result of dissolution of evaporite salts. 
 
Causes of Salinity: Three processes reported to be responsible for changes in major cation composition of 
the saline groundwater were mineral equilibria, cation exchange and dilution by mixing with fresh 
groundwater (Monjerezi, 2012).  End-member mixing analysis (EMMA) (i.e., the calculation of the proportions 
in which end-members are mixed in a sample) provided evidence of isolated saline end-member suggesting 
localised contamination of fresh groundwater with saline groundwater, as opposed to increase in salinity 
along the flow-path. Monjerezi (2012) noted the coincidence of fault systems with distinct zones of 
saline/brackish groundwater contamination. Further evidence suggesting presence of evaporates and/or 
complexing with inorganic ligands and influence of low power of Hydrogen ions (pH) noted by Monjerezi 
(2012) was the association of lead (Pb), boron (B), strontium (Sr) and barium (Ba) with the dominant solutes 
in saline groundwater. Flushing with fresh groundwater was related to cation exchange, that lead to 
enrichment of Sodium (Na) and Boron (Br) by desorption from clay minerals.  Total dissolved solids and 
Electrical Conductivity can be used to indicate salinity levels in the basin, see Figures 5.13 (a) and (b) below. 
 
Conclusion: Salinity to the shallow alluvial aquifers was found to be mainly derived from the dissolution of 
rock mass and concentration by evaporation process. While it is not possible to definitively determine the 
cause of greater salinity on the Malawian portion of the system, it may be that a shallower water table in 
Malawian portions of the system is a major contributor. 
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Figure 5.13: (a). Total dissolved solids (TDS) and Electrical Conductivity (EC) in basin; (b) Electrical Conductivity 
interpolation by kriging method. The interpolation did not extend to the southern part of the map due to data 
limitations. Data sources: SADC groundwater portal; MoAIWD., 2018a; Ministério da Administração Estatal. 
(2014c). 

 
Nitrogen, Nitrate and pathogens: In Malawian portions of the basin, sanitation facilities are located 
very close to groundwater water points, but in Mozambique, no spatial data is available for pit latrine 
and sanitation points. Pollution of water courses in the basin by agricultural runoff, sewage and 
industrial wastes are concerns for surface-water and groundwater quality. This is an important 
pollutant in some of the Quaternary alluvial aquifers within the Shire System where anaerobic 
conditions exist (Monjerezi et al., 2011b). Nitrate pollution is very low (less than WHO (2011) guideline 
of nitrate: 50 mg/ℓ as nitrate ion (or 11 mg/ℓ as nitrate-nitrogen) or MBS (2005) of 45 mg/ℓ nitrate in 
Malawi part of the basin.  
 
Fluoride: Groundwater Fluoride concentration within the Shire River Basin in Malawi (Smedley, 2004) 
is generally above the WHO (2011) drinking water guideline standards of 3 mg/ℓ as nitrite ion (or 0.9 
mg/ℓ as nitrite-nitrogen. Grimason et al. (2013) reported that Fluoride concentrations in borehole 
samples from Chikwawa area on the east bank ranged from 0 to 5 mg/ℓ and on the west bank ranged 
from 1 to 3.4 mg/ℓ of the Shire River. These concentration levels were within the MBS (2005) of 6 mg/ 
ℓ, but above the WHO (2011) standard of 1.5mg/ℓ.  East African Rift Valley is known for high Fluoride 
levels from hydrothermal sources (Smedley, 2004). High Fluoride levels in drinking water can lead to 
diseases and mottling of teeth (Titus, 2009). Fluoride data for the Mozambique portion is limited. 
 
Arsenic: Areas of young alluvium, particularly along the river valleys within the Shire River Basin in 
Malawi are at risk of increased Arsenic levels, especially under anaerobic groundwater conditions 
(Smedley, 2004).  The WHO (2011) Arsenic standard is 10 µg/ℓ. Grimason et al. (2013) reported Arsenic 
levels less than 15 µg/ℓ from 28 boreholes from the east and west banks of the Shire River, while 
Arsenic was below detection limit for villages in Chikwawa District. 
 
Iron and Manganese: High groundwater Iron concentrations ranging from 1–5 mg/ℓ for both 
weathered basement rocks and alluvial sediments was reported to affect water colour and taste in 
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the Shire River Basin (Bath, 1980; UN, 1989). In some areas in the basin, these high Iron concentrations 
have led to well abandonment (Bath, 1980). In Malawian part of the system, it is believed that 
corrosion of metallic pump and pipe parts rather than from the aquifer contribute to Iron 
concentrations (Lewis and Chilton, 1989).  Dissolved levels above 0.3 mg/ℓ and 0.1 mg/ℓ for iron and 
manganese, respectively can give rise to aesthetic and organoleptic problems that result in staining of 
laundry, and impart a bitter taste to beverages (WHO, 2011). According to MBS (2005) the maximum 
permissible limit is 3mg/ℓ and 1.5 mg/ℓ for iron and manganese, respectively, while for WHO (2011) 
it is 0.4 mg/ℓ for manganese. Grimason et al. (2013) reported problems associated with the visual 
appearance of particulates floating in water and staining of clothing during washing from a number of 
villages along the Shire River Basin. Manganese like Iron, it is mobilised in groundwater under acidic 
or anaerobic conditions (Smedley, 2004).  
 
A piper diagram for groundwater and surface water chemistry from Malawi portion of the Shire River 
is shown in Box 2. 
 

Box 2:  Piper diagram for groundwater (brown symbols) and surface water (blue symbols) from 

Malawi portion of the Shire River System (Figure 5.14) 

 
Figure 5.14: A piper diagram for groundwater and surface water chemistry from Malawi portion of the Shire 
River  
 
Ca–(Mg)-bicarbonate and mixed-bicarbonate groundwater is found in this area (these water types are 
associated with low salinity). Water with high TDS indicates high salinity associated with water of high 
Chloride levels (NaCI – groundwater type). The surface water sampling points were distributed from north of 
the basin to south, with LSBSW01 located at lake Malombe mouth and LSBSW11 located near Mwabvi 
(MoAIWD, 2018). A map of the sampling locations for SW01 to SW14 are included in Annex 2. 
 
Source of data:  MoAIWD., 2018a. Shire River Basin Management Programme (Phase I) Project. 
Hydrogeological and Water Quality mapping consultancy in the Shire River Basin. Shire River Basin surface 
and groundwater quality report. Republic of Malawi. 
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5.4 Transboundary Aquifers  
 
Shared Aquifers: Seven transboundary aquifers are shared between Malawi and Mozambique within 
the Shire River Basin are shown in Figure 5.15. In addition to this, there are multiple smaller shared 
basement complex aquifers and Karoo sediments/igneous aquifers.  

Figure 5.15: Transboundary aquifers that cross the Shire River Basin boundary (Fraser, 2018). Portion 
in white has no data. 

 
5.5 Groundwater use  
 
Groundwater use in rural areas: The majority (80%) of rural population in the Shire System use 
groundwater through unprotected boreholes and open wells (Chavula, 2012). Hence, most of these 
sources are highly susceptible to contamination or contaminated (Ferro and Bouman, 1987; Chavula, 
2012). Generally, groundwater is mostly extracted through hand-pump mounted boreholes and open 
shallow wells in the Shire River Basin (Chairuca et al., 2018). Other water lifting mechanisms used 
include motorised pumps by farmers and treadle pumps in rural areas. Recent droughts have partly 
contributed to increased preference for deep boreholes (25-100m) compared to shallow hand-dug 
wells (less than 12m). 
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Groundwater use in domestic water supply: Groundwater is the main source of domestic water for 
most rural areas in both Malawi and Mozambique part of the Shire River Basin. No data is available 
on specific volumes of water used from groundwater and surface sources.  As there is no structured 
monitoring or control of groundwater use, information on quantity and quality is scanty resulting in 
unreliable estimates of water use.   
 
Groundwater Risks associated with Sanitation: Domestic wastewater introduces additional organic 
matter that may cause oxygen depletion, excess nutrients that may cause eutrophication, chemicals 
that may be toxic to the ecosystem, and pathogenic bacteria, viruses and parasites that are dangerous 
to people. In the Shire system, urban wastewater comes from point source wastewater treatment 
plants in Blantyre, while rural wastewater comes via diffuse sources from direct disposal to water, pit 
latrines and septic tanks. Each of these sources experiences various levels of decay in transport to the 
surface water, affecting Biochemical Oxygen Demand (BOD), which indicates the amount of Dissolved 
Oxygen required by aerobic biological organisms to break down the organic material present. Total 
Nitrogen and Total Phosphorus, the two primary nutrients, are also important indicators for domestic 
wastewater pollution. Estimates of the total pollution load from domestic wastewater are summarised 
in Table 6.2.  

Sanitation practices as a source of pathogen contamination in water sources: Pollution from 
domestic sanitation practices introduces the risk of bacterial contamination of groundwater sources, 
introducing human health risk. Testing of Faecal coliform type of bacteria was conducted in Phalombe 
district in October of 2018. Testing of water used for human consumption for Faecal coliform and 
Faecal streptococcus types of bacteria should result in a 50 counts per 100mL and zero count per 
100ml, respectively for waters delivered from Boreholes and Protected Shallow wells (MS733:2005) 
but the results of testing showed a risk of pathogenic contamination in some cases (Table 6.2). A 
comprehensive dataset is not available for the entire region of the Shire System. 

Table 5.3: Testing results from bacterial contamination (Faecal coliform, Faecal streptococcus) of 
water sources in Phalombe District in Malawi (all samples collected 22 October, 2018) 

No. Location Bacteria type, enumerated, count/100 mL 

Faecal coliform Faecal strep. 

1 Tsikulamowa Village, T/A Jenala, Phalombe District 4 0 

1a Kammanya Village, T/A Jenala, Phalombe District 0 38 

1b Sikulamowa Village, T/A Jenala, Phalombe District 3 70 

2 Kammanya Village, T/A Jenala, Phalombe District 2 4 

2a Kammanya Village, T/A Jenala, Phalombe District 4 12 

2b Kammanya Village, T/A Jenala, Phalombe District 0 26 

3 Mulapo Village, T/A Jenala, Phalombe District 3 3 

3a Mulapo Village, T/A Jenala, Phalombe District 0 24 

3b Mulapo Village, T/A Jenala, Phalombe District 0 22 

4 Namayimba Village, T/A Jenala, Phalombe District 11 1 

4a Namayimba Village, T/A Jenala, Phalombe District 0 8 

4b Namayimba Village, T/A Jenala, Phalombe District 0 4 

Data source: Ministry of Agriculture, Irrigation and Water Development Malawi (2018) 

 
Use of Groundwater in Agriculture: Most irrigation in the past has been from surface water in the 
Shire System. In Mozambique, irrigation infrastructure largely fell into disrepair during several years 
of civil war (FAO, 2005), but irrigation development has been promoted by the new National Irrigation 
Institute since 2012. Groundwater irrigation is largely done by smallholder subsistence farmers and 
there could be large potential to expand groundwater irrigation in many areas, including alluvial 
aquifers along the shores of lake Malawi/Nyasa and in the lower Shire valley (Oates et al., 2015). 
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Market gardens and paddy fields are sometimes developed on the edges of dambos, spreading labour 
demand throughout the year (Mzembe, 1992). Some farmers use groundwater for livestock watering 
(Chavula, 2012), but not for pasture production.  
 
 

5.6 Key Messages 
 
The groundwater of the Shire River-Aquifer System reveals important considerations for shared 
water management. Key messages are as follows: 
 

• Trends in groundwater levels call for deeper investigation: In general, groundwater levels 
within the Shire River Basin show mixed trends depending on the proximity of the borehole 
to wellfield and climate change. Boreholes near the wellfield showed declining groundwater 
levels over time, while those far away showed cyclic seasonal variations. As this water is 
heavily relied upon for domestic use within rural portions of the basin, it is important that 
both countries jointly monitor groundwater levels  

• Transboundary Groundwater Flows require investigation: Groundwater flow quantity across 
the Malawi-Mozambique border within the basin is poorly understood to facilitate realistic 
negotiations about water sharing. Further monitoring data could strengthen this assessment. 
In particular, information on the rate of flow across the border would be valuable to satisfy 
international flow obligations.  Expansion of groundwater infrastructure may be required. 

• Refining of recharge estimates and comparing such estimates with water use can benefit 
both countries to assess surplus or deficits in available resources, seasonally and inter-
annually. Although groundwater recharge within the Malawian portion of the basin is well 
established, recharge within the Mozambique portion of the basin is not. A detailed 
assessment of recharge zones using different methods to reduce uncertainty within 
Mozambique could assist with this understanding. It could also help to determine the 
proportion of recharge from direct rainfall infiltration vs. deep percolation losses from surface 
water. 

• Groundwater quality requires greater definition and enforcement: High agricultural and 
industry polluted runoff into the groundwater aquifers within the basin alongside suspected 
pit latrine pollution and poorly treated domestic and industrial wastewater from Blantyre city 
and other small towns in Malawi poses a threat to groundwater quality within the Shire 
System. There is need to set general quality parameters (microbiological, physical and 
chemical) and standards for pollutants to be jointly monitored by both countries. Such water 
quality monitoring constituents may include Faecal coliforms, Total Dissolved Solids, Iodine 
and other potentially toxic trace elements such as Antimony, Cadmium, Chromium, Lead, 
Nickel and Selenium. Joint monitoring and planning practices between the two Member States 
could also assist in identifying vulnerable areas.  

• Groundwater salinity mapping: Groundwater salinity is a particular issue within the alluvial 
aquifers in the Shire System. Although naturally induced, the joint mapping of water quality 
including salinity across the entire basin could provide useful planning data for identifying 
suitable areas with acceptable quality water for drinking, industrial and irrigation uses.   

• Explore Managed Aquifer Recharge (MAR): MAR may be suitable in high saline areas and 
recharge areas, which are also vulnerable to pollution. The huge alluvial aquifer thickness 
holds more potential for MAR than the fractured basement complex aquifers. 

• Potential for groundwater use in agriculture: Greater exploitation of groundwater may help 
satisfying the expanding demands for irrigation water and drinking water provided that high 
salinity issues in some areas are addressed. 
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6.0 Surface Water Hydrology and Water Quality 

This section comprises three focus areas: surface water hydrology, surface water quality and surface 
-groundwater interactions. In the first section, we describe the surface water hydrology of Zambezi 
Basin comprising the Shire River and provide a description of the Shire River Basin hydrology including 
drainage basins, runoff, and streamflow analysis. In the second focus area, we describe the ambient 
surface water quality parameters, erosion and sedimentation, pollution sources and water quality 
impacts. In the third area of focus, we describe surface-groundwater interactions.  Key issues arising 
from this section are then presented. 
 

6.1 Surface Water Hydrology  
 
6.1.1 The Zambezi Basin 
 
The Zambezi Basin: The Zambezi Basin (Figure 6.1) is the fourth-largest river basin in Africa. The main 
stem of the Zambezi River flows eastwards for about 2,700 km from its source to the Indian Ocean. 
The basin’s average surface runoff is approximately 103,000 km3, and it is shared by some 8 countries. 
The Basin can be divided into 13 sub-basins, of which the Shire River/Lake Malawi forms one. 

 

Figure 6.1: The Zambezi River Basin (Cai et al., 2017) 

The Shire River/Lake Malawi Sub-Basin of the Zambezi: Shire River/Lake Malawi is one of the more 
important contributors of flow to the Zambezi River Basin (Figure 6.2). Mean Annual Runoff has been 
estimated at more than 15 000 km3, and the area has been estimated at nearly 150 000 km2. A 
prominent feature of the sub-basin is Lake Malawi/Nyasa, which possesses a surface area of about 
28,760 km2 and has a substantial influence on the water balance throughout the sub-basin. It is 
between 560 km and 580 km long with a width varying from 15 to 80 km (Council for Geoscience. 
2015) and shares boundaries with the countries of Malawi, Tanzania and Mozambique. The mean 
annual rainfall over the lake is estimated to be 1,549 mm and the mean lake level is 474 m. The only 
outlet of the Lake is the Shire River. While inter-annual and seasonal fluctuations are common, as 
described in section 4, average outflow from the lake to the Shire River is approximately 395m3 per 
second. (Kululanga and Chavula, 1993; Chavula, 2012).  
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Figure 6.2: Area and Mean Annual Runoff in different portions of the Zambezi (Cai et al., 2017) 

 

6.1.2 Shire River Basin 

Delineating the Shire Basin in hydrologic terms: The Shire Basin is the area between the outlet of Lake 
Malawi/Nyasa and the confluence of the Shire River and main stem of the Zambezi River (Figure 6.3). 
In Malawi, maps of the “basin” are often clipped at the international border rendering it not a true 
hydrological basin, but rather a planning unit (Government of Malawi. 2016a). Distance between the 
outlet of lake Malawi/Nyasa and the Zambezi river is approximately 490 km, and the total area of Shire 
Basin is approximately 32, 000 km2. Approximately 71% of the Shire Basin falls in Malawi, and 
approximately 29% falls in Mozambique. In Malawi, most of the Shire River Basin’s catchment area is 
located in Malawi’s Southern Region. In Malawi, small area of the catchment drains from the Kirk 
Range located in the southern part of the Ntcheu District in Central Region. In Mozambique, parts of 
4 districts are located within the Shire River Basin, namely; Morrumbala, Mutarara, Derre, and 
Milange. These districts fall within the broader provinces of Tete and Zambezia.  
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Figure 6.3: The Shire River Basin 

Flow Regulation on the Shire River: The flow in the Shire River is largely unregulated. Kamuzu Barrage 
in Liwonde, is the main infrastructure for regulation of flow. Although the height of this dam is only a 
few meters, it controls the levels of Lake Malawi/Nyasa. Evidenced flows in the Shire are therefore 
highly dependent on the water level and outflows from Lake Malawi/Nyasa as controlled by the 
Kamuzu Barrage, as well as flows from many tributaries as the main stem flows southward. Northern 
portions of the Basin, where there is a reasonable drop in elevation, have allowed for construction of 
several hydropower schemes. The southern portion is generally more flat, and contains one of the 
largest floodplains in Africa. 

Sub-Basins within the Shire: Approximately 15 sub-basins can be evidenced in the Shire Basin (Figure 
6.4). The government of Malawi has adapted strict hydrologic boundaries to create water 
management units, which are treated as sub-basins. While these Malawian sub-basins tend to receive 
substantial focus, for example in documents associated with the Shire River Basin Management 
Program, a number of sub-basins are evidenced on the Mozambican side of the Shire Basin as well. 
Delineated through use of Digital Elevation Model, roughly half of the basin’s sub-basins can be found 
in Mozambique. 
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Figure 6.4: Sub-basins within the Shire Basin 

Determining Spatial Variation in Runoff: To estimate spatial variation in surface runoff for the Shire 
Basin, monthly global precipitation data was downloaded from WorldClim - Global Climate Data. 
Monthly data for the period 1970-2000 was then summed using raster calculator to get long term 
mean annual precipitation. MODIS Global Terrestrial Evapotranspiration (ET) Product (MOD16 ET) 
data was then downloaded from University of Montana and annual long-term average actual ET data 
obtained for the period of 2000-2013. The Shire basin water balance is treated as change in soil 
moisture storage = precipitation - ET- surface runoff –recharge. Long term change in soil moisture 
storage was assumed to be zero and recharge was assumed to be 10% of rainfall. The following 
procedure was then followed: 

1. Binary raster data was created for valid range (value of 1) and for the others (value of 0) 

2. Annual precipitation raster value was multiplied with the binary raster created in step 1 to 

exclude areas not included in ET calculation 

3. Recharge was obtained by multiplying annual rainfall in step 2 by 10% 

4. The difference of annual precipitation and ET was calculated; this resulted in negative values 

in areas where ET is exceeding Precipitation 
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5. Therefore, conditional statement was used to calculated surface runoff in areas where 

precipitation is greater than ET: if (annual precipitation minus ET> recharge) then Surface 

runoff= (annual precipitation minus ET minus recharge) or else Surface runoff=0 

6. Step 5 assumes that recharge only occurs when the difference between precipitation and ET, 

exceeds 10% of precipitation 

 

Runoff in the Shire: On aggregate, annual runoff generated in the Shire River Basin is more than 4,000 
km3. Northern and eastern portions of the Shire Basin, likely due in part their greater elevations, have 
higher mean annual surface runoff than central and southern portions of the basin (Figure 6.5). 
Northern portions of the basin are areas of reasonable runoff, often exceeding 100 mm/annum. 
Combined with outflows from Lake Malawi/Nyasa, this creates considerable levels of flow in the river’s 
initial stretch. Undoubtedly, the greatest in-basin contribution of runoff relative to area comes from 
the Mt Mulanje area in the east of the basin, denoted by the area of deep blue colour on the map; 
much of the outflow from the mountain is channelled through the Ruo River. The basin’s southern 
portions, which features is an extensive floodplain, does not heavily contribute to flow volumes; runoff 
is generally less than 50 mm/annum.  

 

Figure 6.5: Surface Runoff in the Shire Basin 

Evaluating Streamflow in the Shire: More than 50 flow gauging stations exist in the Shire Basin (Figure 
6.6), most of which are in Malawian portions of the basin. Records for all stations tend to be variable, 
with gaps of varying degrees invariably present. Nonetheless, despite their limitations, presentation 
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of records from various stations help to indicate a few key points (Figure 6.6, upper right hydrograph). 
First, outflow from Lake Malawi/Nyasa as reflected in flow at Liwonde, tends to be exceeded by stream 
flow volumes at downstream stations such as Zalewa and Chikwawa. This suggests that the initial 
portion of the Shire Basin is a gaining river. Nonetheless, flow at Chikwawa appears to exceed flow at 
Megaza despite inflows from several tributaries between these two points; this suggests loss of water 
to evaporation. Flow on individual tributaries, while typically much less than main stem volumes, is 
highly variable as reflected in Rivirivi River daily flows in Balaka (Figure 6.6, bottom right).  

A Flow Duration Curve (FDC) for Shire River was constructed at Liwonde gauging station using daily 
discharge data measured for the period 1948-2012 (Figure 6.7). It is important to note that available 
data regardless of years with missing data was used for FDC construction. The shape of the FDC in the 
high flow regime indicate the type of flood regime the basin likely to experience and the shape in the 
low flow region shows the ability of the basin to sustain low flows during the dry seasons. The flow 
exceeded for 95% of the time is often used as the characteristic value for minimum river flow (Where 
abstraction is prohibited to guarantee environmental flow requirement). The FDC is also important to 
indicate the level of flow will be available in the river for at least 50% of the time. In Shire River 50% 
of the time the flow in the river is equal or exceed 328.42 m3/s. 95% of the time flow in the river is 
equal to or exceeds 132.76 m3/s. 5% of the time flow in the river is equal to or exceed 697.00 m3/s. it 
is important to note that the Shire flow downstream of Liwonde gauging station and downstream is 
regulated by a barrage and does not represent natural river flow. 
 
An FDC was also constructed at Shire Batelão (Barge), Mozambique using daily streamflow data 
measured between November 2005 and March 2019 (Figure 6.8). Results shows that the 5%, 50% and 
95% flows of Shire at Shire Barge Mozambique, respectively, are 575.81, 78.65 and 51.03 m3/s. The 
50% flow at the Shire Barrage is about 24% of flow that is available 50% of the time at Liwonde gauging 
station. 
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Figure 6.6: Flow Gauging Stations and Streamflow in the Shire 

 

 

 

 

 

Figure 6.7. Flow duration curve of Shire River Basin at Liwonde gauging station, Malawi 
 

 

 

Figure 6.8. Flow duration curve at Shire Batelão (Barge), Mozambique 
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Seasonality of Flow: Determination of mean monthly flows at 4 stations in the Shire helps to reveal 
typical seasonal variation in flow (Figure 6.8).  In a typical year, flow rates at most stations along the 
river begin to increase in November and December, and either remain constant or continue to 
increase through March or April. Flow rates then decline between May through October. Seasonal 
variation is mostly pronounced at Chikwawa, likely due to higher flow volumes. More broadly, it 
should nonetheless be noted that the degree of within-year flow variability is relatively low. Indeed, 
the baseflow index at several points along the main stem of the Shire was determined to be greater 
than 50% (Chimatiro, 2004), and the broader Lake Malawi / Shire System was identified to have one 
of the most reliable water supplies in the Zambezi Basin (World Bank, 2010).  

 

Figure 6.8: Mean monthly flow in the Shire Basin 

 

 

6.1.3 Inter-annual Variability in Flow  

Floods and Droughts: As described extensively in section 4, the Shire – like much of Africa – faces high 
inter-annual rainfall variability that manifests itself in droughts and floods.  The most recent flood 
disasters occurred in 1997, 2001, 2003, 2006, and in 2015. In Malawi, the 1997 floods damaged the 
Bangula-Chiromo railway line in Nsanje District apart from the usual damage of crops and houses. The 
2001 floods affected almost all flood prone areas in the country and they were all declared disaster 
areas. In Malawi alone, more than 110, 000 families were affected by the devastating floods that 
occurred when the Shire River burst its banks after heavy rainfall (Mijoni et al 2009). Impacts of floods 
in the Mozambican side of the Shire System have not received extensive focus. They are nonetheless 
assumed to exist as well. 

Land Management and Flooding: A possible increase in flood frequency within the Shire River Basin 
can may be attributed to changes in land use. Palamuleni et al (No Date) have identified a trend in 
land cover change in the upper Shire whereby cultivated/grazing and built-up area has increased at 
the expense of woodlands between the late 1980s and early 2000s. The authors proceed to correlate 
this change with increased flood peaks and accelerated travel times. Ultimately, flooding is a major 
overarching issue in the basin that appears to affect populations in both countries; should land use 
changes contribute toward greater flooding, it may be that the consequences are felt in both 
countries. 

0

100

200

300

400

500

600

700

800

Jan Feb March April May June July August Sept Oct Nov Dec

Liwonde Chikwawa Zalewa Megaza

m
3

p
er

 s
ec

o
n

d



 
 

68 
 

6.2 Surface Water Quality  
 
An understanding of surface water quality in the Shire System requires investigation of ambient water 
quality parameters, erosion and sedimentation trends, major pollutants, and the resulting impacts of 
these factors.  
 
6.2.1 Ambient water quality  
 
Data to assess ambient water quality: On the Malawian side, some primary water quality parameters 
are monitored at various sampling stations since the 1980s, albeit irregularly, and the frequency of 
monitoring is lower in recent years due to decreased financial and human resources capacities. No 
data was obtained regarding ambient surface water quality on the Mozambican side. Standard water 
quality parameters such as pH, Electrical Conductivity, Total Dissolved Solids, Carbonate, Bicarbonate, 
Chloride, Sodium, Iron, Manganese, Turbidity, and Hardness are monitored, while Dissolved Oxygen, 
organic matter, Ammonia, Total Nitrogen and Total Phosphorus, and bacterial contamination are not. 
While the parameters that are monitored allow for estimations of fitness for use for human purposes, 
those excluded are important for understanding the implications of water quality on long-term 
environmental and human health (MoAIWD, 2016). Dissolved Oxygen (DO) is a critical indicator for 
living organisms and potential eutrophication, pollution, supplemented with Total Nitrogen and Total 
Phosphorus. Ammonia is toxic to fish and is also an important indicator of eutrophication along with 
Total Nitrogen and Phosphorus. Heavy metals are an important indicator for industrial pollution and 
human health, including Chromium from tanneries, Lead from batteries, paint and petrol, Copper and 
Zinc from building materials and vehicles, and Cadmium and Mercury from hospitals and clinics or 
small-scale mining (MoAIWD, 2016). 

Various water quality parameters compared to available standards suggest low Dissolved Oxygen 
and high Suspended Sediment: Fourteen surface water sampling points, sampled in January of 2018, 
were used to assess surface water quality in the Shire. Locations of such data points values and a map 
of the locations of SW01 to SW14 are included in Annex 2. Data from 57 surface water monitoring 
stations collected during the rainy season of 2014 (Table 6.1). All such points are located in Malawian 
portions of the Shire River Basin. Surface water quality data were not available from the Mozambican 
portion of the Shire.  

Table 6.1: Water quality parameters in 2014 and 2018 at surface water sampling stations in the Shire 
Basin 

Constituent Concentrations 
(January 2018) 

Concentrations 
(Rainy season 2014) 

WHO 
Guidelines5 

Standard 1,2,3,4 

Minimum Maximum Minimum Maximum 

Temperature, °C 24.80 29.90 20.4 34.4 - 353 
Dissolved oxygen, 
mg/L 

0.40 4.24 2.7 10.3 - >51 

54 

pH 6.51 8.02 7.03 9.31 6.5-8.5 6.5-9.01 

5-9.52 

6-93 

6.5-8.54 

Electrical 
conductivity, 
mg/L 

33.90 553.60 48 811 - 350 – 7502 

Total dissolved 
solids, mg/L 

- - 29 454 1000 450-10002 

 
Carbonate (as 
CO3

2-), mg/L 
- - 0.00 22 - - 
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Bicarbonate (as 
HCO3

2-), mg/L 
- - 10 320 - - 

Chloride, mg/L 1.0 7.1 1.0 38 600 100-2002 
Sulphate (as SO4), 
mg/L 

0.65 14.72 <0.10 236 400 200-4002 

Nitrate (as NO3), 
mg/L 

0.01 2.22 0.013 0.760 45 451 

6-102 

 
Sodium, mg/L 2.78 23.86 5.0 70 200 100-2002 
Potassium, mg/L 0.05 8.11 0.8 6.7 - 25-502 
Calcium, mg/L 0.90 43.37 3.0 74.4 200 80-1502 
Magnesium, mg/L 1.57 19.76 1.1 18.9 150 30-702 

 
Total Hardness, 
mg/L 

- - 12 254 500 (as 
CaCO3) 

- 

Total Alkalinity, 
mg/L 

26 237 12 266 - - 

Turbidity, NTU - - 1.0 380 5 0.10-1.02 
Suspended 
sediments, mg/L 

- - 14.3 1250 - 30 mg/L1 

60 mg/L3 

Phosphate, mg/L 0.05 0.62 0.016 1.69 - 0.151 

1 NB MS691:2005: Malawi Standards for wastewater to be discharged into public waters.  Source: 
(MoAIWD, 2014; MoAIWD, PBM Consultants, & Council for Geoscience, 2018) 
2 MS 678:2013: Malawi Standards Drinking water-Control Surveillance 
3 Padroes deemlssao deefluentes Jiqufdos domesticos (Mozambique) 
4 Padroes docorpo receptor (Mar/Oceano) (Mozambique) 
5 World Health Organisation Guidelines for drinking-water quality, 4th edition, incorporating the 1st 
addendum, 2017 
 

 

Water Temperature: The temperature ranged from 24.8 to 29.9 degrees Celsius, with the highest 
temperature recorded at the northernmost sampling point LB SW01 (Figure 6.9). Water temperature 
is an important indicator because of its influence on water chemistry. The rate of chemical reactions 
generally increases at higher temperatures, increasing the rate of biological activity and the amount 
of oxygen in the water.  

Dissolved Oxygen: Dissolved oxygen is critical for living organisms and ranged from 0.40 to 4.24 mg/L 
in the samples tested, arranged from northernmost sample to southernmost sample (Figure 6.9) 
(MoAIWD et al., 2018). As freshwater DO typically ranges from 1 to greater than 20 mg/L depending 
on season, location and depth of the water and different species of fish and other aquatic wildlife 
require different minimum levels of DO. However, the DO in the Shire River Basin appears to be low, 
which can be a sign of oxygen depletion, usually caused by eutrophication and pollution as excess 
nutrients cause excessive plant growth, and bacteria consume oxygen as this excess plant matter 
decays. This scenario may be connected to issues with aquatic weeds in the Shire River (described in 
more detail below). 

pH Levels: The pH ranged from 6.51 to 8.02 in 2018. The samples generally showed low EC values from 

33.90 to 553.60 S/cm, with the highest values recorded at LB SW05. EC indicates the total dissolved 
salts in the water, which usually enter the water through erosion of sedimentary rocks. The dominant 
water type is a magnesium alkalinity, with negative Eh values which shows that conditions are 
reducing as Eh is a measure of oxidation or reduction potential. Alkalinity, the measurement of the 
capacity of the water to neutralise acids, ranged from 26 to 237 mg/L (MoAIWD et al., 2018). 



 
 

70 
 

 

Figure 6.9: Dissolved oxygen and temperature data for surface water sampling points LB SW01 to LB 
SW14 Data source: (MoAIWD et al., 2018) 

Water Chemistry: The surface water samples SW01 to SW14 have a similar chemistry dominated by 
bicarbonate sodium (MoAIWD et al., 2018). Nitrate levels, which originate primarily from agricultural 
fertilizer, were relatively low. Total dissolved solids ranged from 29 to 454 mg/L in 2014, and 
conductivity provides an indication that levels remain dissolved solids were similar in 2018. A Hardness 
value above 180 mg/L is considered “very hard” for drinking water, indicating that a level of treatment 
would be necessary for consumption. Likely due to increased river flow and erosion, suspended 
sediment levels were high in some sampling stations during the rainy season of 2014. The 
consequences of such sediment loads, such as clogged hydropower turbines, are described below  
 
6.2.2 Erosion and sedimentation 
 
Soil degradation and sedimentation caused by unsustainable agricultural development and 
deforestation: High sediment concentrations in the Shire system create water quality issues by 
limiting usability of the system, filling up reservoirs, abrading hydropower turbines and introducing 
excess nutrients. A study addressing land use change in the sub-catchments of Lake Malombe saw the 
tendency for soil erosion increase by 20 times in recent decades (Millennium Challenge Corporation, 
2011). An assessment of the hazard of soil erosion and the related risk of sediment ingress into 
watercourses showed that both the Shire and Ruo Rivers ranked medium risk for both indicators in 
2011. The Ruo River, which straddles the border between Malawi and Mozambique, had the highest 
risk with nearly 40 percent of its area indicating high or severe risk (MoAIWD, 2016). Nkula Dam, 
located at Nkula Falls near Mwanza in Neno District of Malawi, is a terminal sink for sediments that 
are eroded along the river and its tributaries (Kapute Mzuzu, Zhang, Chapola, Tembo, & Kapute, 2016).  
 
6.2.3 Pollution sources 
 
The Shire System receives pollutants from a variety of sources, including domestic wastewater, 
agricultural pollution and industrial pollution. However, lack of data makes it difficult to specify spatial 
differences in pollutants across the system.  

Sediment loading, toxic chemicals, and nutrient runoff from agricultural activity: Agricultural activity 
creates a number of pollution issues in the Shire, including increased sediment loading as soils 
degrade, toxic chemicals from weed and pest control, and nutrient runoff from livestock waste and 
fertilizer application. Nutrients (i.e. nitrogen and phosphorus) are essential for plant growth, and some 
level of nutrients is beneficial for algae, weeds and other aquatic flora and fauna. However, nutrient 
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runoff from excess fertilizer use results in an overgrowth of algae and weeds, which can result in 
blocked waterways and affect hydropower development, a pervasive issue in the Shire System (see 
below). While large agricultural states in the Shire have been identified as major contributors to excess 
fertilizer runoff, the amounts are unknown. The percentage of farmers using fertilizer during market 
conditions from 2005 to 2008 in Malawi and Mozambique are summarised in Table 6.2. Recent 
estimates of the total pollution load to the Malawian portion of the Shire basin, including domestic, 
agricultural and known industrial effluents, are included in Table 6.3. 

Table 6.2: Categorisation of fertilizer market conditions in Malawi and Mozambique in 2005-2008 

 Percentage of farmers using 
fertilizer* 

Fertilizer market policy (in 2005-
2008) 

Malawi 55% (29 kg/ha) Direct state interventions 

Mozambique 5% (4 kg/ha) Relatively little direct state 
intervention 

*2005 mean kg/hectare application 
Source: (Haggelabde and Jayne, n.d.) 

 

 

Table 6.3: Estimated pollution loads reaching the water bodies in the Shire from urban and rural 
sources 

 Biochemical oxygen 
demand (t/year) 

Total nitrogen 
(t/year) 

Total phosphorus 
(t/year) 

Agricultural estates  2,147 240 

Urban wastewater 1,140 364 265 

Rural wastewater 2,722 1,021 681 

Livestock  1,198 523 

Land runoff  6,487 2,871 
Source: (MoAIWD, 2016) 

Industrial pollution: Industrial activity in Blantyre in Malawi is expected to contribute various types of 
pollutants to waterways including heavy metals, which can cause various acute and chronic health 
issues in downstream populations. Data is insufficient to provide an accurate picture of industrial 
pollution in the Shire, though isolated studies exist. For example, a study of the effluent from the Shire 
Valley Abbatoir assessed the physico-chemical parameters in Mchesa Stream in Blantyre. The highest 
BOD (612.3 mg/L) and Suspended Solids (477.3 mg/L) values were obtained at a point of effluent 
discharge into Mchesa stream, showing significant deviance from Malawi Standards of wastewater to 
be discharged into water bodies of 20 mg/l and 30 mg/l for BOD and Suspended Solids (SS), 
respectively (MS691:2005),   
 
6.2.4 Water quality impacts 
 
Fitness for use of surface water in the Shire System is declining: A study on fitness for use in the 
Malawian portion of the Shire compared water quality parameters, measured in the field, to water 
quality standards (MoAIWD, 2016). At the time of writing, , available water quality standards for 
domestic use included the Malawi  Standards for potable water, the Ministry of Water Development 
standard for rural water supplies, the South African Water Quality Guidelines and the WHO Guidelines 
for drinking-water quality. The South African Water Quality Guidelines were used in this study for non-
domestic water uses. The fitness for use assessment was conducted according to the two Malawian 
water resources areas (WRAs) included in theShire: WRA 1 which encompasses much of the Shire’s 

https://pdfs.semanticscholar.org/adc6/868ece26e310fe64e791f80b8051f17deb58.pdf
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main stem and areas to its west, and WRA 14 which comprises sections of the Districts of Mulanje, 
Phalombe and Chiradzulu in south-eastern Malawi along the Mozambican border. Table 6.5 
summarises estimates (2010) and projections (2020, 2035) of water quality for various uses by WRA 
(1 or 14). WRA 14 has comparatively higher levels of water quality in irrigation, livestock and 
aquaculture. . Nonetheless, there is a declining trend in water quality in both WRAs over time. 

Table 6.5: Summary of current (2010) and future (2020, 2035) 'fitness for use' assessment for surface 
water in the Shire River Basin (Malawi only) 

 Irrigation  Livestock Aquaculture Domestic Industrial Recreation 

 ‘10 ‘20 ‘35 ‘10 ‘20 ‘35 ‘10 ‘20 ‘35 ‘10 ‘20 ‘35 ‘10 ‘20 ‘35 ‘10 ‘20 ‘35 

Good 14   X 14              

Tolerable 1 14   1 14 x 14  X      X   

Poor  1 14   1  1 14  X  x 14   x  

Unsuitable   1      1   x  1 x   x 

Source: (MoAIWD, 2016) An ‘x’ indicates that both WRA 1 and 14 have the same value. 

Aquatic weeds are a critical issue in the Shire system: Eichornia crassipes (water hyacinth) is the most 
invasive among the weeds in the Shire Basin, a problem common to other freshwater bodies in Africa. 
Vossia cuspidata (hippo grass) and Pennisetum purpureum (elephant grass) are also prevalent. Water 
hyacinth is an invasive species that originated from the Amazon and appeared in southern Malawi in 
the late 1960s, possibly through cross-border floods from the Zambezi in Zimbabwe (Phiri et al., 2001). 
As the quality of water in Lake Malawi/Nyasa and the upper catchment has reduced due to point-
source sewage discharge and diffuse agricultural runoff, nutrient levels have increased. In addition, 
degradation of the surrounding catchment increases erosion and sedimentation of nutrient-rich soil 
into the river (Liabunya, 2007). With no natural competitors and such a nutrient enriched 
environment, water hyacinth has proliferated rapidly and spread slowly northward in the Shire River 
Basin. It was found in the Upper Shire in 1995 and is now found even in the far north of the country 
(Phiri et al., 2001). There is no record as to when or how Water hyacinth spread through the 
Mozambican portion of the Shire Basin. The impact of aquatic weeds is highest during the rainy season 
from December to March or April, as increased river levels cause the weeds to detach and float in 
large mats as they move downstream (Liabunya, 2007; Mellhorn, 2013). These mats are depicted in 
Figure 6.10. 
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Figure 6.10: Aquatic weeds floating downstream on the Shire River in Mozambique  
(Source: Christina Fraser (2018)) 

 
Impacts of aquatic weeds: Aquatic weeds affect livelihoods due to challenges with navigability and 
fishing, alter the ecology of the water system, and disrupt hydropower supply. While data on the 
impact of aquatic weeds on livelihoods and ecology is insufficient to understand the extent of the 
problem, the impact of aquatic weeds on hydropower has drawn more attention. Malawi relies on 
hydropower from Nkula Falls, Tedzani I and II, and Kapichira Falls on the Shire River. The increase in 
floating mats of aquatic weeds, in combination with siltation, has increased debris entering the intake 
ponds of the hydro stations. This has caused extensive damage to hydroelectric generation machines; 
in December 2001, the intake structures at Tedzani I and II power stations collapsed due to aquatic 
weeds that accumulated at the intake screens (Liabunya, 2007). As aquatic weeds are most prevalent 
in the Shire during the rainy season from January to April, impacts on hydro stations appeared more 
prevalent during that time frame (Mzuza et al., 2015).  

Methods to mitigate aquatic weeds challenges: In Malawi, biological control of the aquatic weeds 
(specifically, water hyacinth) was initiated in 1995 through a United Kingdom Department for 
International Development (DfID) Project, which was later taken up by the World Bank. By 2001, 
approximately 200,000 Neochetina, a small beetle that consumes the water hyacinth, were reared 
and released in various locations within and near the Shire River Basin. The beetles established well in 
the system, though population build-up was faster in the lower than upper and middle Shire (Phiri et 
al., 2001). The reduction of water hyacinth population may have played a role in the subsequent 
growth of hippo grass as it fed on the decaying water hyacinth leaves and potentially exacerbated 
aquatic weeds challenges over the long term. Still, there is little data to quantify the long-term impacts 
of these biological control methods.  

Other efforts to control weeds: Mechanical efforts to remove aquatic weeds from areas upstream of 
the hydro stations began in 2002 when personnel were employed for manual removal, but the rate of 
aquatic weeds coming from upstream far exceeded the rate of removal. From 2003 to 2005, Electricity 
Supply Corporation of Malawi (ESCOM) tried using other mechanised methods, leading to the Liwonde 
Aquatic Weed Management project which combined a floating boom to catch the weeds with 
mechanical methods of removal. By 2007, this effort was largely viewed as a success, though floods in 
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2006 led to such large amounts of aquatic weeds that the floating boom snapped (Liabunya, 2007). In 
2013, the Millennium Challenge Account – Malawi (MCA-Malawi) began a five-year project meant to 
address the problem of siltation and weed infestation. These efforts included purchase of dredgers 
and trash rakes, diversion booms, conveyors, disposal trucks and equipment for weed harvesting at 
the hydropower plants and the Liwonde barrage. In April of 2018, two weed harvesters and two trucks 
were commissioned and handed over to Electricity Generation Company (EGENCO) at Liwonde, 
improving harvesting capacity and disposal processes. MCA-Malawi, in addition to a number of other 
organizations, is also working with local communities and local Non-Governmental Organisations 
(NGOs) to improve land management practices in order to decrease sedimentation and aquatic weeds 
challenges. There is little data to show the long-term impacts of these methods, though aquatic weeds 
continue to be removed through mechanical means and are often dumped along the side of the road 
with no further disposal plan. A recent study showed the potential of aquatic weeds as a green 
fertilizer method on agricultural land (Mellhorn, 2013). Aquatic weeds continue to be a major issue 
throughout the Shire system in both Malawi and Mozambique, though issues of aquatic weeds in the 
Mozambican portion of the Shire are not well-documented. 

 

6.3 Surface-Groundwater Interactions 
 

Potential Contributions of Groundwater to Surface flows in the Shire: The basin’s aquifers are 
estimated to contribute between 10-30% of the total annual river flow in Malawi especially during the 
dry season (Titus et al, 2009).  

Understanding interactions: In order to characterise hydrological systems, an understanding of 
interactions between surface water and groundwater is important. Therefore, possible interactions 
between surface water and groundwater was investigated. Generally, surface water sources were 
found to be more enriched than groundwater sources in some areas, with other areas registering most 
enriched groundwater than surface water. This suggests preferential recharge of aquifers by surface 
water in the first instance and preferential discharge of groundwater into surface water sources in the 
second instance.  

Hydraulic Connectivity: Groundwater discharge into surface water sources was most pronounced 
during the dry season as compared to the wet season. There is uniformity in isotopic signature of 
surface water and groundwater sources in some parts of the study area which are consistent with that 
of local rainfall. This suggests that possible hydraulic connectivity induced by precipitate recharge in 
the study area. Nonetheless, the observed wider variations in isotopic signature of groundwater and 
surface water sources in other areas indicate lack of hydraulic connectivity (Chitsundi, 2018). 
 

6.4 Key Messages 
 

The surface water hydrology of the Shire River-Aquifer System reveals important considerations for 
shared water management. Key messages are as follows: 
 

• Minimal flow regulation: The extent of surface water infrastructure that regulates flow in the 
Shire is largely limited to one barrage. While a relatively consistent year-round stream flow to 
some extent alleviates the need for storage, population growth, rising temperatures and 
erratic rainfalls may give drive need for more assured water supplies and increased buffer 
against potential floods.   

• Aquatic weeds require concerted action: Aquatic weeds are a major issue in the Shire system, 
and while biological control, mechanical and manual removal efforts are ongoing, long-term 
solutions may require addressing of root causes, such as the excess nutrients and sediment 
that enter waterways and create an enabling environment for excess plant growth. Further, 
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as aquatic weeds are unlikely to respect international borders, the two Member States may 
benefit for collaborating in efforts to control them. 

• Major ambient water quality concerns are present, especially regarding low dissolved 
oxygen and sedimentation: Major ambient water quality concerns include the lack of data 
regarding human and ecological health parameters, low Dissolved Oxygen rates that are likely 
a result of eutrophication and aquatic weeds, and high sedimentation due to soil degradation 
and erosion.  

• Contaminant knowns and unknowns: Major pollution sources include domestic pollution, 
agricultural pollution, and industrial pollution. Domestic and agricultural pollution are known 
to introduce excess organic matter and nutrients to the system, creating challenges with 
eutrophication and oxygen depletion, which can cause fish kills and a number of other 
ecological issues. However, little is known about the chemical and heavy metal contaminants 
from agriculture and industry, many of which have long-term chronic health impacts on the 
surrounding people and flow downstream. 

• Data integration is limited: Despite the fact that international principles have called for 
integrated management according to hydrologic boundaries, practical efforts toward this in 
in the Shire are extremely limited. Water-related data sets are not integrated. Failure to 
incorporate such knowledge may result in sub-optimal approaches two countries, instead of 
integrated approaches that can harness the full potential of this shared system.  
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7.0 Water Use 

The Shire River-Aquifer System represents an important natural resource that supports economic 
activities including hydro-electric power, irrigated agriculture, aquaculture, transportation, tourism, 
wildlife and urban and rural water supply along the river in Malawi (MoAIWD, 2016c). In Mozambique, 
the Shire is presumably important as well yet this importance is not fully documented.  
 

7.1 Agriculture: Crops and livestock  
 
7.1.1 Crops 
 
Agricultural areas in the Shire River Basin: Irrigated, rain fed and water controlled rain fed areas were 
obtained from International Water Management Institute (2010), which reported irrigated area 
mapping using 16-day MODIS NDVI composites images (MOD13Q1) data of resolution 250m in Asia 
and Africa. Evapotranspiration (ET) from cropped areas (Figure 7.1) was obtained from Global Land 
Evaporation Amsterdam Model (GLEAM) data (Martens et al., 2017; Miralles et al., 2011). GLEAM uses 
Priestley and Taylor equation (Sumner and Jacobs, 2005) to calculate potential evaporation based on 
observations of surface net radiation and near-surface air temperature. Estimates of potential 
evaporation for each land cover (e.g., bare soil and vegetated areas) are converted into actual 
evaporation using an evaporative stress factor from observations of microwave vegetation optical 
depth (VOD) and soil moisture from root-zone. 
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Figure 7.1: Agriculture land use in the Shire Basin (Source: IWMI (2010) and GLEAM (Martens et al., 

2017) 

Irrigation covers less than 1 percent of the Basin Area: The proportion of irrigated, rain fed and water 
managed-non irrigated areas in the basin are 0.73 percent, 16.28 percent and 11.29 percent, 
respectively (Table 7.1). There is much greater irrigation in Malawian portion of the basin than in 
Mozambique portion (Figure 7.1). 
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             Table 7.1: Agriculture area and ET in Shire River-Aquifer System based on IWMI (2010) 
 

Land type Area (ha)  ET (m/yr) ET volume (million 
m3/yr) 

Irrigated 23,700 0.467 110 

Rainfed 530,000 0.473 2494 

Water managed-non 
irrigated 

365,000 0.507 1852 

Non agriculture 2,322,000 0.530 12303 

Note: Considering 20-30 percent irrigation efficiency reported by MoAIWD(2016c), we applied 25 
percent efficiency to calculate gross irrigation demand (440 million m3/yr) from ET volume. 

Estimated irrigation water demand is 18,570 m3/ha/yr 
 

Current Irrigation in Malawian portions of the Shire River Basin: Data from Malawi (MoAIWD, 2016c) 
suggest somewhat higher levels of irrigation than those provided above, possibly due to the fact that 
such data are more recent. As of 2016, there were about 35,000 ha of irrigation in the Shire River Basin 
– some 20,000 ha comprising estate or commercial irrigation (producing sugar, coffee, tea and 
tobacco) and the rest are smallholder irrigations (producing rice and maize) (MoAIWD, 2016b). Figure 
7.2 shows crop type by area in the basin. Maize is the main staple crop grown in the basin, covering 
over 70 percent of area for production of food crops. 
 
Plans for future irrigation in Malawian portions of the Shire River Basin: Shire River Valley 
Transformation Project (SVTP) as part of Green Belt Initiative aims to sustainably improve agricultural 
productivity and production and reduce rural poverty. The project is planned to add 42,500 ha of 
gravity-fed irrigation, to benefit 100,000 farm families (or a population of approximately 600,000 
people) in Chikwawa and Nsanje townships in the Lower Shire Valley (MoAIWD, 2016c). Shire River 
Basin Plan Monitoring Framework showed 46,560 ha should be equipped and operational by 2035 
(Ministry of Water Development and Irrigation, 2013), while more recent calculations based on data 
from MoWDI (2015) resulted in 50,603 ha.  
 
The 14 irrigation schemes in Shire River Basin are shown in Table 7.2. These schemes have a total area 
of 50,600 ha to be developed in three phases: Phase I, with 20,000 ha (2015-2020), phase II, with 
28,500 ha (2021-2025) and Phase III, with 67,500 ha (2026-2035). The increase in irrigation demand 
from the 50,600 ha based on the estimated irrigation water demand of 18,570 m3/ha/yr (three crops 
per year) (Table 7.2) is 940 million m3/yr. This means an increase by threefold in irrigation water 
demand if no improved irrigation water use efficiency systems are used to increase efficiency from 
the current 20-30 percent (MoAIWD, 2016c). 
 

Table 7.2: Planned irrigation schemes in the Shire (MoWDI, 2015). 
Irrigation scheme District  

 

Area 

(ha)  

 

Capital costs   

(US$ '000)  

 

Unit cost 

(US$/ha)  

 

EIRR (%)  

 

Rank   

 

Nkawinda/ Bakasala Blantyre 560 790 1,411 30 2 

Nthiramanja Mulanje 6,316 22,223 3,518 21 3 

Mlooka Zomba 153 730 4,771 14 4 

Ruo – Diversion Thyolo/Nsanje 8,858 16,811 1,898 30 5 

SVTP Chikwawa 26,653 193,770 7,270 11 6 

Matoponi Zomba 115 590 5,130 14 8 

Likabula/Kholiwe Mulanje 628 3,947 6,285 11 13 

Likhubula/Nthumbula Chikwawa 419 3,410 8,138 12 17 

Lembani   Ntcheu 1,624 4,125 2,540 26 18 
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Lichenya Mulanje 1,249 7,619 6,099 14 22 

Bwanje Dam Ntcheu 800 7,223 9,029 11 24 

Makwangwala Zomba 1,734 10,158 5,857 14 26 

Nkhulambe/Wowo Phalombe 300 1,444 4,813 14 28 

Mtuwa Mangochi 1,194 11,024 9,232 11 30 

Total   50,603 283,864    

 
Note: EIRR is Economic internal rate of return, and capital costs indicated in table are for 
construction only, and do not include software (feasibility, design, supervision costs).  

 
 
Rainfed agriculture plays a significant role in food security. Majority of the population practice 
rainfed agriculture and hence has the highest net crop evapotranspiration water demand of 2,494 
million m3 (Table 7.1) because of the extensive area coverage.  There is less control of the water 
demand under rainfed, but agricultural water management technologies can be implemented to 
increase water availability to the crop for increased crop yield. 
 

 
Figure 7.3: Crop area under rainfed and irrigated agriculture in Malawian portion of the Shire 

(Ministry of Agriculture, Irrigation and Water Development, 2016c) 

 
7.1.2 Livestock 
 
Livestock Water Demand in Malawian portions of the Shire Basin: The livestock water demand was 
determined to be approximately 5.2 million cubic meters per year in Malawian portions of the Shire. 
This is calculated based on animal population reported in Ministry of Agriculture, Irrigation and Water 
Development (2016b) and the daily water demand for livestock or poultry from Department of Rural 
and Agricultural Development (2018). There are large-scale beef feedlots in the Shire River Basin 
(MoAIWD, 2016b), where the animals are fed intensively using crop residues, agricultural by-products 
and concentrates. Dairy systems are also available, with pigs and commercial poultry produced in peri-
urban areas. The highest numbers in livestock are goats followed by cattle (Table 7.3).  
 

Table 7.3: Livestock in Malawian portion of the Shire River-Aquifer System, in 2010 

Livestock/ poultry 
type 

Estimated 
population (No.) 

Drinking water per 
animal or bird (ℓ/day) 

Drinking water (m3/yr) 
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Cattle  222,500 45 3,655,000 

Goats 658,000 5 1,200,900 

Sheep 15,000 8 43,800 

Pigs  131,500 7 336,000 

Chicken 1,875,000 0.13 89,000 

Total  
  

5,324,000 

(Source for animal population: MoAIWD, 2016b); Source for drinking water per animal or bird: 
Department of Rural and Agricultural Development (2018). 

 

Limited data from Mozambican portions of the Shire suggest rapid increases in livestock numbers: 
There is substantial potential for livestock development due to availability of pasture in Mozambican’s 
portions of the Shire Basin. Currently, goats are the main livestock used for family consumption, while 
cattle, goats, pigs and sheep are used commercially. In Mutarara, cattle numbers increased from 3,000 
head in 2000 to around 6,000 in 2004 and 19,000 in 2011 (Ministério da Administração Estatal, 2014b). 
No livestock figures were reported for Milange and Morrumbala districts.  
 
Generating a crude approximation of livestock water demand in Mozambican portions of the Shire 
Basin: A proportionate-area method was used to estimate livestock and poultry water demand for the 
Mozambique portion of Shire Basin, using Zambezia livestock (cattle 37,546) and poultry (4,232 
million) figures for 2012 (Vernooij et al., 2016). With areas of 140,000km2 and 9,448 km2 for Zambeze 
and portion of Mozambique in Shire Basin, respectively, the combined estimated water demand for 
cattle and poultry was 0.55 million m3/yr.  Mozambique side of the Shire basin has significantly higher 
poultry numbers compared to Malawi.  
 
7.1.3 Fisheries  
 
Fisheries, Malawi portion of the Shire: Fishing is the traditional occupation to enhance livelihoods (in 
both nutritional and monetary terms) for most of the rural communities along the lakes and rivers in 
Malawi (MoAIWD, 2016b, 2016c). A co-management (government and user groups) program was 
introduced in Lake Malombe in 1993 after failure of the government-controlled system. Thirty-one 
local organisations representing the fishing community, known as 31 Beach Village Committees (BVCs) 
composed of both gear (e.g., fish traps, hook and line, baskets and spears) owners and non-fishers 
were formed around Lake Malombe and the Upper Shire River to manage fisheries activities. 
  
Types of Fish: Types of fish caught in the Lower Shire, which is where most of the basin’s fishery takes 
place are catfish and tilapia. Data for captured fisheries showed decreasing tonnage from 1987 (20,000 
tonnes) to 2012 (3,000 tonnes) as reported by MoAIWD (2016b). According to Food and Agricultural 
Organisation (FAO) in 2005, 62,000 livelihoods derived directly from fisheries activities in the Shire 
River Basin, and 350,000 indirectly in Malawi as a whole.  
  
Value of Fish: The estimated value of the fisheries industry in the Malawian portion of the Shire River 
Basin is around US$7.5 million/year (MoAIWD, 2016b). A challenge of commercial aquaculture is the 
slow growth of species cultured due to poor feed conversion. This makes the products of aquaculture 
expensive to produce, hence it was not reported for the Shire Basin.  
  
Fish data from Mozambique: There is no report of estimated value of the fisheries industry in Shire 
River Basin of Mozambique. Fishing activities are carried out in the Shire. There was no production 
from aquaculture and fish farming and industrial and semi-industrial fishing in the same period. 
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7.2 Hydropower 
 

Importance of hydropower production on the Shire: Hydropower generation from the Shire River 
contributes about 99 percent of energy requirements in the Malawian part of the basin (Ministry of 
Agriculture, Irrigation and Water Development, 2016c). Geography limits potential for hydropower 
development in Mozambican portions of the basin, as slope is fairly flat. In Malawi, there are seven 
schemes in existence, and five planned up to 2028 (Figure 7.3 and Table 7.4). All the existing power 
stations are reported to be in need of urgent rehabilitation and the available capacity for power 
generation is normally far less than installed capacity due to wear and tear of existing installations and 
reduced Shire River flows (MoNREM, 2017). To control and safeguard outflow for power generation 
at the downstream power stations, Kamuzu Barrage at Liwonde was constructed in 1965 to regulate 
Shire River flow by storing water during times of minimal flow and releasing water when the river is 
in flood. It was recently upgraded under the SRBMP (Phase I) with the introduction of a new operating 
model called KABOM for improved regulation of releases at the barrage to address the demands of 
downstream users (MoAIWD, 2017). 
 



 
 

82 
 

 
Figure 7.3: Location of existing and planned power stations in the Shire System (MoNREM, 2017) 

Total electricity production from Shire schemes: Hydropower generation currently contributes a total 
of 344.7 MW (MoAIWD, 2016c) in the Shire (Table 7.4). The total current hydropower water demand 
(25,450 million m3/yr.) from run-of- river flow was calculated by aggregating the required individual 
station discharge. This water demand is non-consumptive and is available for downstream use after 
passing through the hydropower station.  
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Table 7.4: Power generation capacity as of 2015 (MoNREM, 2017) 

Station 
Installation 
date  

Full load 
discharge per 
station 

No. of 
Units 

Aggregated 
station 
discharge 

Aggregated 
water demand 

Total 
generation 
capacity 
(MW) (m3/s) (m3/s) (million m3/yr) 

Nkula A 1966 23 3 69 2,176 24.0 

Nkula B 1980 - 1992 39 5 195 6,150 100 

Tedzani I&II 
1973 & 

1977 
30 4 120 3,784 40.0 

Tedzani III 1996 77.5 2 155 4,888 52.7 

Kapichira I 2000 67.5 2 135 4,226 64.0 

Kapichira II 2014 67.5 2 135 4,226 64.0 

  
Minimum water requirement is sum of volume of water required for 
Tedzani I, II, III = 8672 million m3/yr 

344.7 

Note: Total hydropower water demand (non-consumptive) is 25,450 million m3/yr. Data source: 
MoAIWD (2016c) and MoNREM (2017). Note: MW is megawatts. 

 
Planned hydropower generation sites: As noted above, 8 (3 committed and 5 candidates) additional 
hydropower plants are planned from 2020 to 2028 to increase the power generation in line with 
demand and development (Table 7.5; MoAIWD MoAIWD, 2016a, 2016c; MoNREM, 2017). Committed 
power plants refer to plants for which a decision was made and firm commitments made in the form 
of a signed power purchase agreement between the contractors or commitments by government, 
while candidate power plants are plants without an agreement between contractors or government 
(MoNREM, 2017). The increase from candidate plants in hydropower power generation capacity from 
2018 to 2028 is envisioned to be 752.2 MW (Table 7.5). An additional 300 MW is envisioned from the 
committed Kammwamba coal fired thermal station, with construction expected to commenced in 
2017.  
 
Irrigation: An irrigation abstraction of about 40 m3/s from Kapichira reservoir during the dry season 
that can affect power generation capacity was reported by MoNREM (2017). Kholombidzo plant will 
have daily storage to enable the plant to run in daily peaking mode to control thermal alternatives and 
firm up renewable electricity source of solar and wind, while Mpatamanga plant is anticipated to 
improve the availability of both capacity and energy, as this plant has a daily/weekly reservoir. Other 
thermal plants using imported light fuel oil and heavy fuel oil are also included as candidates and 
include specific plants at Kanengo, Lilongwe, Mapanga and Mzuzu, although no specific plant is located 
in the Shire River Basin (MoNREM, 2017). 
 

Table 7.5: Planned candidate hydropower plants from 2020 to 2028 (MoAIWD, 2016a, 2016c; 
MoNREM, 2017) 

Site Power 
capacity 

(MW) 

Generation 
(GWh/y) 

Discharge 
capacity 
(m3/s) 

CAPEX 
(million 

USD) 

Year 
planned 

Status of 
project 

Zoa Falls, Ruo 
River 

23.0 110.8 - 115.0 not  
reported 

Looking for 
funding for 
feasibility 

study 
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Mpatamanga, 
Shire River 

308.0 1,740.0 550 522.0 2022 Feasibility 
study 

completed in 
2016 

Kapichira III 
(extension), Shire 
River 

112.0 647.0 - 139.0 2024 Limited 
information 

available 

Kholombidzo, 
Shire River 

213.2 1,212.0 400 511.5 2023 Feasibility 
study 

completed in 
2016 

Hamilton Falls, 
Shire River 

96.0 555.0 - 200.0 2022 Conceptual 
level 

Total 752.2 4,264.8 950 1, 487.5 2028  

Note: Capex (capital expenditure) consists of discounted values of the building cost for generation projects and 

interconnectors included in the generation plan. It uses the concept of annualized building costs used in PLEXOS 
(Integrated Energy Model software designed to minimize energy operational and investment costs) optimisation 
process that converts overnight building costs to an equivalent annual costs across the economic life of the 
generator or transmission line.  

 
Planned hydropower generation sites: As noted above, 5 additional hydropower plants are planned 
from 2020 to 2028 to increase the power generation in line with demand and development (Table 4; 
Ministry of Agriculture, Irrigation and Water Development, 2016a, 2016c). The increase in hydropower 
power generation capacity from 2018 to 2028 is envisioned to be 754 MW. An additional 300MW is 
envisioned from the Kammwamba coal fired thermal station.  
    
No existing or planned hydropower schemes in Mozambican portions of the system. There is no 
hydropower generation in Mozambique portions of the basin. Mutarara District headquarters 
consumers estimated at 1,088 are supplied by electric power grid produced by the Cahora Bassa 
Hydro-electric Plant (Ministério da Administração Estatal, 2014b). Administrations of Dôa and 
Inhangoma are supplied by generator groups, while the rest of the communities use wood and 
charcoal. An additional power generation of 210 MW from Lupata hydroelectric project in the districts 
of Tambara (Manica province) and Mutarara (Tete Province) was authorized by Council of Ministers in 
2014 (Ministério da Administração Estatal, 2014b). In Milange District, electric power distribution 
network from Malawi supplies Vila area. Another source is Generator Group of 47 KVA that supplies 
the headquarters of the Administrative Post of Molumbo, village of Milange and existing businesses 
in the village (Ministério da Administração Estatal, 2014a). Morrumbala District, electric power from 
a 165.3 KVA generator supplies 98 consumers.  
 
Flow variability and hydropower production in the Shire: Hydropower generation in the basin faces 
several challenges that have reduced power production by 40 percent (MoAIWD, 2016c). The 
challenges include declining water flows due to dwindling water levels in Lake Malawi, no flows from 
Shire tributaries during dry season, environmental degradation and climate change, a big risk. Several 
interventions to improve availability of water and power generation capacity are being explored.  
 
Aquatic weeds and hydropower production in the Shire Basin:  Challenges with aquatic weeds have 

been addressed by installation of trash barrier at Kapichira and weed harvesting at Liwonde using new 

equipment donated by US and Japanese Governments (see section 6.3). More trash barriers are 

planned for Nkula and Tedzani schemes. Additional, recent efforts have been undertaken under the 

SRBMP. 
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Siltation of water reservoirs: Siltation of reservoirs reduce their water holding capacity (see section 
6.3). Several dredging activities with support of equipment from US Government have started, 
including capital dredging and river diversion at Tedzani and Nkula schemes. More dredging is planned 
for Kapichira scheme. 

 
Environmental Management Initiatives: Several environmental management initiatives started in the 
basin to combat aquatic weeds and reduce siltation. These include River Catchment Afforestation 
Projects, energy efficient usage (improved biomass stoves) to reduce demand for wood fuel, energy 
mix projects to encourage use of solar, wind and thermal energy sources and stakeholder engagement 
and awareness to ensure sustainability of the initiatives. 
 

7.3 Domestic Water Supply and Sanitation 
 
Domestic Water Use in Malawian portion of the Shire:  As introduced  in section 3, water access (36 
ℓ/capita/day within a maximum distance of 500 meters) in the Shire System in 2015 is estimated to 
be 58 percent or 2.9 million people, while 42 percent or 2.1 million people are without 
proper/adequate safe water supply (MoAIWD, 2016c). The total water supplied for domestic, 
institutional and commercial purposes was approximately 160 ML/day (or just over 58.5 million m3/yr) 
in 2015. Ruo has the lowest amount of water supply of 11.7 litres per capita per day, while Lisungwi 
has the highest of 151.3 litres per capita per day based on figures reported in (MoAIWD, 2016c).  
 
Boreholes and Shallow Wells (both protected and unprotected), Malawi portion of the Shire: As 
introduced in section 3, over 60 percent of rural population use domestic water from boreholes and 
both protected and unprotected shallow wells. Groundwater from boreholes fitted with hand pumps 
or motorized pumps is the most dominant safe water supply source for the rural areas in the basin. 
Shallow wells and springs though not considered safe water points also provide water for drinking and 
other domestic purposes (MoAIWD, 2016c). Average yields vary between 1 - 2 litres per second in the 
weathered zone of the basement complex aquifer, while high yielding alluvial aquifer of the lakeshore 
plains, upper and Lower Shire Valley have yields greater than 20 litres per second (Ministry of Water 
Development and Irrigation, 2013). From District Water Development Offices reports and population 
estimates, there are approximately 13,000 boreholes in the Shire System. Field assessment reported 
by MoAIWD, (2016c) indicates a functionality rate of 82 percent for boreholes, 76 percent for shallow 
wells (both protected and unprotected) and 82 percent for water supplied by springs (Figure 7.4). 
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Figure 7.4: Water points in 2015 in Shire System, Malawi (MoAIWD, 2016c) 

Domestic Water Use in Mozambican portions of the Shire Basin: Most of the populations (47-70.4 
percent) in Milange, Mutarara and Morrumbala depend on groundwater for domestic use from wells 
without pumps (Figure 7.5), followed by river or lake water (20-31 percent; Ministério da 
Administração Estatal, 2014a, 2014b, 2014c) as previously discussed in section 3. Only a small 
population (less than 0.9 percent) have access to piped water. The sum of annual abstractions (10.2 
million m3/yr) for domestic use from Inhangoma and Mutarara are high (Ministério da Administração 
Estatal, 2014a, 2014b, 2014c). These two areas give an opportunity for enhanced groundwater 
management to ensure sustainable abstraction in Mozambique. The distribution of boreholes for 
domestic water supply in different aquifer types showed the highest number of boreholes (1,592) are 
from the weathered basement aquifer followed by alluvial aquifer with 1,284 boreholes. 
 

 
Figure 7.5. Proportion of population using different water sources in Mozambique 

Urban Water Supply, Malawi portion of the Shire River Basin: There are a number of gravity-fed 
piped water supply schemes that abstract surface water from local rivers such as Shire, Nkasi, Rivi Rivi, 
Lisungwi, Wankulumadzi, Likhubula, Mwanza, Mwamphanzi, Thangadzi East and Thangadzi West. In 
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these areas, water demand is observed to be satisfied only 67 percent of the time (MoAIWD, 2016b). 
These schemes are operated by water utilities, namely: Blantyre Water Board and the Southern and 
Central Region Water Boards. Blantyre Water Board operates two major water supply systems at 
Walkers Ferry offtake on the Shire River and from Mudi Dam near Blantyre to supply water to Blantyre 
City and surrounding areas. In the future, some water supply schemes may face some challenges due 
to population increase and new housing developments. 
 
Aggregating domestic water demand in the Shire System: The estimate of domestic water demand 
in the basin based on population in Malawi and Mozambique is shown in Table 7.6. The per capita 
demand for urban was assumed to be at 100 litres per capita per day, while the rural demand was 36 
litres per capita per day based on MoAIWD (2016c). The per capita demand was applied for both 
countries in the Shire Basin. Malawi has high water demand due to high population in the basin. 

 

Table 7.6: Estimation of domestic water demand based on population 

Country Urban (million 
m3/yr) 

Rural (million 
m3/yr) 

Total (million 
m3/yr) 

Malawi 34 60 94 

Mozambique 7 5 12 

 

7.4 Sanitation  
Improved sanitation is key to development efforts around the world, as it provides the means for 

people to be hygienic. Hygiene is the most cost-effective health intervention available to reduce 

mortality rate associated with preventable diarrhoea-related diseases and increase life expectancy. 

 
Sanitation in Malawian portions of the Shire: In rural areas of the basin, the most used type of 
sanitation is the pit latrine or no sanitation. As presented above in section 3, more than 30 percent of 
people had no formal sanitation facilities in 2008 (MoAIWD, 2016c). To try to improve this situation, 
the Government of Malawi run an open defecation free campaign (2011 – 2015) throughout Malawi.  
About 80 percent of the sewage, produced by industry and few residents that have a sewerage 
connection, flows into the rivers around the Blantyre city untreated (MoAIWD 2016c). The polluted 
rivers are a source of water for laundry and bathing by many poor city residents downstream.  Solid 
waste management is also a challenge in urban centres. Malawi faces serious health threats from 
inadequately maintained, or absent, sanitary facilities (MoAIWD, 2016c).  
 
Sanitation in Mozambican portions of the Shire: As described in section 3, the distribution of 
population and sanitation type in three districts in 2014 shows that high proportion (greater than 63 
percent) of population have no sanitation (Figure 7.6). This condition poses serious pollution and 
health issues to environment including water resources in the area. Furthermore, unlined latrines also 
pose a threat to groundwater resources by nitrate pollution.  
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Figure 7.6: Proportion of population using different types of sanitation, Mozambique 

7.5 Navigation 
 
Navigation is an important use of water, particularly to facilitate trade which is a key enabler of rural 
incomes and livelihoods and economic growth. 
 
21st Century investigation into a past navigation route: Shire River flows nearly 400 km between the 
Lake Malawi/Nyasa outlet and the southernmost settlements of Malawi such as of Nsanje and Chinde, 
and onwards almost another 100 km to the Zambezi River at Caia in Mozambique (MoAIWD 2016a). 
In decades past, the potential for navigation on the Shire had been described and there were reports 
of barges that transported sugar molasses from Malawi to a site close to the Indian Ocean. Discussions 
on navigation in the Shire has been revived in the 21st century (AWF 2011). The Malawian government, 
supported by SADC, Zambia and others, began investigation as to the potential to re-open this water 
way. In 2010, Malawi invested in the development of an inland port of Nsanje in the far south of the 
country. Coordination with their downstream neighbour could have been stronger in this effort. In 
any event, an MoU was signed between Malawi, Mozambique and Zambia and a feasibility study was 
undertaken to gauge the potential for navigation. Findings of this study did not provide a promising 
outlook for the potential of navigation. 
 
Growing production may require expansion of trade routes: Within the internal institutional 
framework of the lower Zambezi of the export-oriented and corporate sector dominated Agencia de 
Desenvolvimento do Vale do Zambeze (ADVZ)- Zambezi Valley Development Agency and to a lesser 
extent the ARA-Zambeze, initiatives continued to explore the options of the navigability of the lower 
Zambezi stretch downstream of the confluence with the Shire System tributary. Massively growing 
coal exploitation increasingly may require transport facilities beyond the upgrading of the railway line.  
 
Externalities of navigation a subject of debate: An environmental impact assessment of the Lower 
Zambezi, commissioned by Riversdale mines, had found hardly any environmental problems as a result 
of proposed dredging and canalization and recommended in favour of the water way for coal transport 
(Riversdale 2011). This study was disputed/challenged by the authors of a subsequent Environmental 
Assessment implemented in collaboration with the ADVZ (MER 2014). The latter Environmental 
Impact Assessment warned for the considerable uncertainty in this highly dynamic river regarding the 
amounts to be dredged, and, as a consequence the impacts of both initial and maintenance dredging 
and of depositing of river sediments on water levels, water flows, aquatic ecosystems, river banks and 
coastal zones. Also, location specific pollution at loading and trans-shipment points or of accidents 
and the need to interact with local riverine population should receive attention. The importance of 
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water flows on recession agriculture and wetlands in the lower Zambezi (e.g. for ‘natural flooded’ rice 
by millions of smallholders) (MER, 2014). 
 

7.6 Mining and Industry 
 
Mining: Mining is a relatively small employer in Malawi and in the broader Shire System. Besides 
providing formal employment, the sector employs some artisanal and small-scale miners in remote 
areas, where regulation is poor. Types of minerals (Table 7.7) include rock aggregate for construction 
use, rare earth minerals, limestone, heavy minerals, coal ruby, sapphire and iron ore (MoAIWD, 
2016c). However, the water use for mining is not reported.  
 

Table 7.7: Mines and mineral in the basin as at January 2015 

Company Mineral District 

Lynas Africa Limited Rare earth minerals Balaka 

Fluoride Cement Co Limited Limestone Balaka 

Kulimba Mineral Resources Limestone Balaka 

Lafarge Cement Co. Ltd Limestone Balaka 

Cement Products (MW) Limestone Mangochi 

Crown Minerals Ltd Heavy minerals Nsanje 

Mwabvi Coal Mine Coal Nsanje 

Rift Valley Minerals Ltd Limestone Nsanje 

Nyala Mines Ltd Ruby, sapphire Ntcheu 

Africa Consolidated Mining Iron ore Ntcheu 

Source data: MoAIWD (2016c) 
 
Industry: Most of the industrial activity in the Shire River Basin is located in Blantyre, the second 
largest city in Malawi with an estimated population of 1,069,000 in 2015 (MoAIWD, 2016c). There are 
8 designated industrial areas, namely: Makata, Ginnery Corner, Maselema, Limbe, Chirimba, South 
Lunzu, Maone and Chitawira. Of these Makata, Ginnery Corner, Maselema, Limbe, Chirimba and 
Maone are actively hosting industries, whilst South Lunzu is yet to be developed.  Formal and informal 
sectors, together create between 50,000 and 55,000 jobs and absorb 62 percent of the labour force 
(MoAIWD, 2016c). Formal sector employment consists of primary, secondary and tertiary industry 
subsectors, while informal sector is principally small-scale business operations. 
 
Challenges to Industry Sector: Human and technical resource challenges to the industry sector include 
lack of skilled and semi-skilled labour required for manufacturing enterprises, unreliable power and 
water supplies and environmental pollution from industrial, domestic and commercial effluent 
sources (MoAIWD, 2016c). No water use was reported for the industry sector. 
 

7.7 Environment and ecosystems  
 
Defining Environmental Flows: Environmental flows refer to the quality, quantity, and timing of water 
flows required to maintain the components, functions, processes, and resilience of aquatic 
ecosystems that provide goods and services to people (Hirji and Davis, 2009). Environmental flows are 
central to supporting sustainable development and poverty alleviation, though allocating water for 
environmental uses remains a challenge in the basin.  
 

Estimating Environmental Flows: Currently, the NWRMP (2017) allocated a minimum of flow that is 

exceeded 90 percent of the time in the river to the environment, while other African countries such 
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as Kenya and South Africa have allocated a higher percent of 30 for environmental flows. The flow 

exceeded 90 percent of the time was used for the Malawi portion in Shire Basin. Shire Batelao 

streamflow duration curve gave a 90 percentile flow of about 55.6 m3/s (1,753 Million m3/yr). Only 

one site in Malawi part of the basin reported mean annual environmental flow of 58 m3/s from a dam 

at Kholombidzo (MoNREM, 2017). For Mozambique, the area proportion method was used to adjust 

the environmental flows of 15,900 million m3/yr (Mutondo et al., 2015) allocated for the ARA-Zambeze 

catchment (140,000 km2) to 1073 million m3/yr for the Mozambique portion (9,448 km2) in the Shire 

Basin.  

 
 
Forests 
 
Existing Forests: Forest resources are important as sources of timber, for catchment protection, to 
sustain water sources, as habitat for flora and fauna and to provide tourism prospects. Forests are 
categorised into reserves (forest reserves and national parks and game reserves), forest on communal 
land and plantations, both government and private owned. Forests were observed to be depleted at 
an estimated rate of between 1.6 and 2.8 percent per annum (MoAIWD, 2016a, 2016c). Hence, 
forestry management to protect community and native forests, which are threatened by tree cutting 
for charcoal and firewood is essential. 
 
Potential for Forests: There is a great potential for indigenous trees, namely Ntsanha, Ngoue, Pracason 
and Mhingue, which are the main source of energy. Trees species such as Umbila, Chanfuta, Nicuema, 
Grutondo, Pau-preto and Manguecia provide wood for construction and manufacture of handicrafts 
in Mozambique (Ministério da Administração Estatal, 2014a, 2014b, 2014c). 
 
 

7.8 Game reserves and parks  
 
Wildlife in Malawian Portions of the Shire: The Malawian portion of the Shire System has important 
areas of forests and biodiversity conservation in Malawi. These include national parks ofLiwonde and 
Lengwe; wildlife reserves ofMajete and Mwabvi; forest reserves which include Mangochi Palm in the 
Upper Shire River Basin; Zomba Mountain, Tsamba, Michiru and Thambani in the Middle Shire River 
Basin; and Masenjere, Masambanjati and Matandwe forest reserves and wetlands (Elephant and 
Ndindi marshes) in the Lower Shire River Basin (MoAIWD, 2016c). 
 
Wildlife in Mozambican Portions of the Shire: Data on wildlife in Mozambican portions of the Shire 
was not available to us. No national parks or reserves are apparent. Nonetheless, the Shire River is 
presumed to host a set of wildlife in Mozambique. 
 

Estimation of wildlife water demand Estimation of wildlife water demand in the basin is presented in 
Table 7.8. The estimates were based populations of 2009, as these were the most recent available, 
and the water demand per animal per day based on body mass. Despite the challenges of estimating 
daily water requirements for wild animals due to weather, age and body mass variations, an average 
mass of a mature animal was used to calculate the average daily water demand. For mammals, 
Equation 1 (Douglas and Enviroscope, 2016) gives the daily water demand: 
 
Dwater = 0.099 × 0.9 (mm)  Equation 1 
Dwater = 0.0891mm 
 
Where, Dwater is the volume of drinking water per day (litres) and mm is body mass of animal (kg) 
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The mass of the animals were obtained from (Brent, 2018; Larramendi, 2015; Hannabuss, 2008; Estes, 
2004, 1999; Kingdon, 1997; Luigi, 1984). Another method comparable to Equation 1, of estimating 
drinking water assumes that an animal requires 4 percent of its body mass as water per day (Estes, 
2004). For animals with easy access to water, 2 percent comes from drinking water, while the other 2 
percent comes from the metabolic water (e.g., moisture in the food and by oxidation of food which 
releases water internally for other metabolic functions). 
 
Numbers of wildlife in the Shire: Most wildlife in northern portions of the Shire System are 
concentrated in Liwonde National Park. Upper Shire River Basin and Lake Malombe are also home to 
1089 hippos and about to 654 crocodiles according to 2008 hippopotamus and crocodile population 
estimates by Bhima et al. (2008). In the Shire’s central and southern portions of Malawi, there are 
hippos and crocodiles outside of national parks as well as within protected areas of Lengwe National 
Park, Majete Wildlife Reserve and to some extent Mwabvi Wildlife Reserve. Further, marshes of Shire 
River have high numbers of Nile crocodile (Crocodylus nilotica) and the hippopotamus (Hippopotamus 
amphibious). Estimated wildlife populations in different portions of the Shire are shown in Table 7.8. 
 
Bird species: Lengwe National Park is one of the Important Bird Areas (IBAs) in Malawi, listed by 
Birdlife International under criteria A2 and A3. About 361 bird species are found in the marshes of the 
park (Ministry of Water Development and Irrigation, 2013). Majete Wildlife Reserve has a total of 312 
bird species. 
 
 
 
 
 
 

Table 7.8: Wildlife water demand in Malawi based on 2009 populations 

 Animal Populati
on in 
2009 

(number
) 

Animal 
mass 

range (kg) 

Indicative 
mass (kg) 

Drinking water 
per animal 
(litres/day) 

Drinking water per 
species (m3/year) 

Li
w

o
n

d
e 

N
at
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n

al
 P

ar
k 

Elephant 1000 3000-
6000 

4500 401.0 
146,347 

Waterbuck 3700 161-262 212 18.9 25,510 

Impala 4500 40-92 66 5.9 9,659 

Sable 
(antelope) 

900 220-235 228 20.3 
6,673 

Warthog  3300 45-150 98 8.7 10,517 

Bushbuck 800 45-80 125 11.1 3,252 

Buffalo  1000 250-1000 625 55.7 20,326 

Hippopota
mus 

1100 1300-
1500 

1400 124.7 
50,083 

Nile 
crocodile 

3200 225-750 489 43.6 
50,890 

Greater 
kudu 

450 120-270 195 17.4 
2,854 

Duiker 350 15-25 20 1.8 228 

Bush pig 80 45-115 80 7.1 208 
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 Animal Populati
on in 
2009 

(number
) 

Animal 
mass 

range (kg) 

Indicative 
mass (kg) 

Drinking water 
per animal 
(litres/day) 

Drinking water per 
species (m3/year) 

Reed buck 90 48-68 58 5.2 170 

Eland 90 300-942 621 55.3 1,818 

Plain Zebra 80 300-350 325 29.0 846 

Hartebeest 80 100-200 150 13.4 390 

Antelope 50 200-220 210 18.7 341 

Black rhino  10 800-2870 1835 163.5 597 

M
aj

et
e 

W
ild

lif
e 

R
es

er
ve

 

Aggregate 
 
 
 
 

2550   122.9 40,583 
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sh
e
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 Hippopota
mus  

932 1300-
1500 

1400 124.7 
42,434 

Nile 
crocodile  

934 225-750 489 43.6 
14,853 

Total Estimated Water Demand 430, 000 

Note: Water demand for Majete Wildlife Reserve and the surrounding area was estimated based on 
animal population relative to Liwonde National park and surrounding area in 2009. Data source: 
Bhima et al. (2008) and Ministry of Water Development and Irrigation (2013). 
 

7.9 Summary 
 
Hydropower is the largest water use in the Shire System: An aggregation of water demands is 
presented in Table 7.8.  Hydropower far exceeds the aggregated demand for all other sectors; all of 
such use is in Malawi. It is nonetheless important to note that hydropower is a non-consumptive use 
of water so use by hydropower does not preclude use by other sectors. The environment is the second 
largest uses of water in the Shire. Irrigation and Domestic supply are also large water using sectors in 
the Shire system. Livestock and wildlife are likely not considered major water users in the Shire at this 
point. 
 

 Table 7.8: Wildlife water demand in Malawi based on 2009 populations 

Site Animal Population 
in 2009 

(number) 

Animal 
mass 
range 
(kg) 

Indicative 
mass (kg) 

Drinking water 
per animal 
(litres/day) 

Drinking water per 
species (m3/year) 

Li
w

o
n

d
e 

N
at

io
n

al
 P

ar
k 

Elephant 1000 3000-
6000 

4500 401.0 
146,347 

Waterbu
ck 

3700 161-262 212 18.9 
25,510 

Impala 4500 40-92 66 5.9 9,659 

Sable 
(antelope
) 

900 220-235 228 20.3 

6,673 

Warthog  3300 45-150 98 8.7 10,517 
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Site Animal Population 
in 2009 

(number) 

Animal 
mass 
range 
(kg) 

Indicative 
mass (kg) 

Drinking water 
per animal 
(litres/day) 

Drinking water per 
species (m3/year) 

Bushbuck 800 45-80 125 11.1 3,252 

Buffalo  1000 250-1000 625 55.7 20,326 

Hippopot
amus 

1100 1300-
1500 

1400 124.7 
50,083 

Nile 
crocodile 

3200 225-750 489 43.6 
50,890 

Greater 
kudu 

450 120-270 195 17.4 
2,854 

Duiker 350 15-25 20 1.8 228 

Bush pig 80 45-115 80 7.1 208 

Reed 
buck 

90 48-68 58 5.2 
170 

Eland 90 300-942 621 55.3 1,818 

Plain 
Zebra 

80 300-350 325 29.0 
846 

Hartebee
st 

80 100-200 150 13.4 
390 

Antelope 50 200-220 210 18.7 341 

Black 
rhino  

10 800-2870 1835 163.5 
597 

M
aj

et
e 

W
ild

lif
e 

R
es

er
ve

 

Aggregat
e 
 
 
 
 

2550   122.9 40,583 
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Hippopot
amus  

932 1300-
1500 

1400 124.7 
42,434 

Nile 
crocodile  

934 225-750 489 43.6 
14,853 

Total Estimated Water Demand 430, 000 

Note: Water demand for Majete Wildlife Reserve and the surrounding area was estimated based on 
animal population relative to Liwonde National park and surrounding area in 2009. Data source: 
Bhima et al. (2008) and Ministry of Water Development and Irrigation (2013). 
 

7.10 Key Messages  
 
The water uses of the Shire River-Aquifer System reveals important considerations for shared water 
management. Key messages are as follows: 
 

• Abundance of pit latrines poses risks: Pit latrines are the most common form of sanitation in the 
Shire System. A significant proportion of the population have no sanitation facilities in Malawi 
(30 percent) and Mozambique (greater than 63 percent). There is a need to assess the risk of 
groundwater and surface water contamination from agriculture and unlined pit latrines. 

• Potential for irrigation expansion: Potential for expansion of irrigation may exist, particularly on 
the Mozambican portion of the Shire System. Exploitation of the Shire valley in Malawi has been 
progressively expanded in recent decades. There is potential for additional expansion on the 
Malawian portion; there also appears potential for expansion in the Mozambican portion. These 
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irrigation expansions require secure land tenure issues to be addressed and will result in 
increased irrigation water demands and competition with other uses such as hydropower, 
domestic, industrial and environmental flows. Constraints of existing irrigation schemes include 
lack of Water User Associations (WUAs) and poor cost recovery to fund operational & 
maintenance costs, resulting in deteriorating system functionality over time. Farmers grow low-
value staple food crops which limit economic performance because they are generally not 
required to pay for irrigation water use.  

• Environmental Flows present an opportunity for cooperation: As environmental demands do 
not recognize national borders, joint (both countries) assessment – and subsequent co-
management – of environmental water requirements for sustainability of wetlands, marshes, 
biodiversity and fisheries assets in the Shire System may yield benefits. In particular, outflows 
from Malawi are important to satisfaction of environmental water requirements in Mozambique; 
as upstream use grows, the countries may wish to intensify coordination to ensure sufficient 
outflow for satisfaction of flow requirements in Mozambique. 

• Data Gaps on the Mozambican side: Data on a suite of issues on the both sides – though 
particularly the Mozambican side – of the Shire is lacking. Information that would allow for more 
informed decision-making include data on irrigation, environmental water requirements, fish, 
wildlife, and livestock. 
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8.0 Land and Water Tenure  

Land ownership and access to water resources play an important role in the economic productivity of 
an area. In the Shire Basin, where most of the population is rural, issues of land ownership and water 
access are especially significant in understanding the dynamics of water resources management. This 
section reviews the governance structures in place for both Malawi and Mozambique as relating to 
land and water. 
 

8.1 Land Use in the Shire System  
 
Determining uses of land in the Shire System There is growing pressure on both land use and water 
resources in the Shire System. Several data sources were utilized to assess the effects of this pressure 
as manifested in land uses. The source for land use and cover data was the global land cover map for 
2009, which is based on Envisat MERIS Fine Resolution (300 m) mode data (Olivier et al., 2012). Global 
land cover is compatible with the UN Land Cover Classification System (LCCS) and validated by an 
international group of land cover experts.  
 
Grassland and Agricultural Land: The spatial resolution of the global land cover appears to be too 
coarse to distinguish the agricultural from grassland area in the system. The agricultural area in the 
system is presented from a different data source in the report under water use section (i.e., Section 
7). 
 
Evolving land and water uses in the Shire System: Natural land cover is important to show the possible 
water uses in the System (Figure 8.1). The highest proportion of land cover is plain grassland, which 
presumably encompasses grassland as noted above. After grassland, needle leaf evergreen vegetation 
is the most widespread use of land. Urban and build-up area covers about 2 percent of the Shire 
System. Conversion of land to agriculture, mining or urban development and the barren or sparsely 
vegetated areas may result in decreased or increased groundwater recharge and increased flooding 
in the developed area thereby affecting the provision of ecosystems services in these areas, as 
reported in Section 6 of this report. Comparing Figure 8.1 to Figure 7.1, it is clear that a significant part 
of the natural land cover has been converted into agricultural areas. 
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Figure 8.1: Natural land cover and urban areas in the Shire Basin (Source data: Olivier et al., 2012) 

8.2 Customary land tenure in the Shire System 
 
Land Pressure: Due to population and development of agricultural land, the pressure for arable land 
in the Malawian part of the Shire System is high (Peters and Kambewa 2007). Land pressure is 
considerably lower in the Mozambican portion of the Shire System, where agricultural and rangeland 
is extensive. In the 4 provinces of the middle and lower Zambezi basin (Tete, Manica, Sofala and 
Zambezi), almost half of the land, 48%, is covered by forests. These provide important resources to 
rural communities, including medical plants (as clinics are largely unavailable) and charcoal (as the 
most important energy source). Agriculture is primarily slash and burn shifting cultivation. 
Smallholders’ crops are mostly maize and cassava. In both Malawi and Mozambique, smallholder 
agriculture is low input. Even though Mozambique exempts agricultural inputs such as fertilizer and 
agrochemicals from trade tariffs, only about 4% of smallholders use fertilizers, and 5% uses pesticides, 
most of them cash crop growers. Only 12% uses animal traction (CDI 2012).  
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Irrigation expansion in Malawi and Mozambique. Mapedza et al (2017) documented the 
establishment of gravity furrows in the Ntcheu district, Malawi. This started with 6 women and 6 men, 
and grew to 75 people. Women constituted two thirds, and men one third of these irrigators. 
Veldwisch et al (2013) cite a Sustainable Irrigation Development Project mission in 2010 that identified 
9500 ha of existing smallholder irrigation in central Mozambique spread over just 7 districts, while the 
last census of 2003 only 986 ha of smallholder irrigation had been identified in the two central 
Mozambican provinces of Sofala and Manica. Yet, even the identified irrigated command area of 2010 
may have represented a gross underestimation. Detailed research in two communities in the Messica 
area, identified 1000 ha of smallholder irrigation, compared to the estimated 340 ha in 2010 (and 0 
ha in 2003) (Veldwisch et al 2013). 
 
Drivers of small-scale irrigation expansion: There are 3 main reasons for the growth of informal small-
scale irrigation farming in Malawi and Mozambique. Firstly, population growth has acerbated pressure 
on the existing smallholder farmers’ landholdings and this pressure intensifies particularly during the 
dry seasons (Peters 2013; Woodhouse et al 2017). Secondly, certainly in Malawi, the growth of urban 
centres creates increasing demand for high value crops throughout the year and farmers find new 
avenues to respond to this demand. In Mozambique, markets remain less developed. Infrastructure 
such as roads, electricity, storage techniques and facilities is weak. Transport is lacking to the main 
consumption center in the South – the capital Maputo. Moreover, South African food imports that 
serve the urban consumers are relatively cheap (CDI 2012). The lack of input traders and extension 
agents, and the lack of access to credit reinforce the vicious cycle. Nevertheless, in more densely 
populated areas, where markets emerge, irrigation is taken up. Thirdly, recurrent droughts, floods and 
declining soil fertility across the Shire System force smallholder farmers to explore non-traditional 
methods of farming. The availability of new low-cost technologies such as PVC pipes, storage, treadle 
pumps or mechanized pumps makes it possible to cultivate crops beyond the farming season 
(Kambewa 2005; Woodhouse et al 2017).   
 
Matrilineal Societies: The Shire System is part of a matrilineal belt within Africa (Figure 8.2).   In 
matrilineal societies, descent and inheritance follow the maternal line from mother to daughters of 
the mother’s clan. As the progeny line is established via the maternal side, children, who are vital for 
old age, belong to the mother and to her lineage. Women have also some right to male labour, e.g., 
for house construction and in cultivation.  This differs from patrilineal societies in which grooms and 
their family pay a bride price that reflects the value attached to women’s labour power and off-spring 
(Lowes, 2018).  

 

Figure 8.2: Matrilineal Belts in Africa. Source: Lowes (2018)  
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Implications of Matrilineal Societies: Marital residence in the matrilineal societies in the Shire is 
mainly matrilocal, so the young husband moves to his wife’s place. However, there is variance on 
residence from one society to another and within societies ranging from matrilocal to avunculocal (a 
man and his wife reside with his mother’s brother) to patrilocal. Matrilineal marriage can be 
polygynous (Braga 2000; Peronius 2005; Lidström 2014; Aradóttir 2016; Tvedten 2012; Berge et al 
2014).  Matrilineal descent does not mean matriarchy (Djurfeldt et al 2018). Unpaid household chores 
continue to be disproportionately borne by women and their mobility is more constrained. Literacy 
rates are also lower. As a reflection of the importance of kinship relations in rural communities, 
mother’s father or oldest brother maintains certain responsibilities and joint decision-making on 
various matters regarding their sisters, for example on divorce, and especially their sisters’ children 
(Tvedten 2012; Wardlaw 2012; Aradóttir 2016; Lidström 2014; Arnaldo 2018; UN-Habitat 2005; WFP 
2011). However, research on the range of household decisions gives some evidence that land 
controlled by a spouse is positively associated with that spouse’s intra-household bargaining power, 
for example on the use of the benefits of production (Aalerud 2005).  

Gender Dynamics: It is no doubt an over-simplification to conceive the household as being made up 
of a father, mother and offspring, in which the man is the head of household and sole provider 
(Aalerud 2005; Braga 2000). Yet, this concept persists especially in state formalization. Even in 
Mozambique, where women had suffered from horrid sexual violence during the war atrocities and 
where both men and women fought on equal terms during the liberation war in line with the socialist 
ideas on gender equality, this changed when building the new nation. Women had to keep struggling 
for equality. This led, among other things, to a Family Law in 2004, which clearly eliminates the concept 
of the “male family head” and recognizes the right of women to claim property and own land 
individually or jointly registered, whether in formal or customary marriage or in non-formal unions 
(Lidström 2014).  

8.3 Customary water tenure in the Shire System  
 
Three Principles: Customary water tenure can be conceptualized as a negotiated blend of three 
principles or grounds that rural communities in the Shire System (or elsewhere) invoke to assert claims 
to water (Ramazotti 1996; Boelens 2008; Van Koppen et al 2018). These are:  

• The notion that water is a shared resource; 

• Socio-territorial rights to water that ‘belongs’ to the land  

• Claims by investors in infrastructure to the water stored and conveyed by that infrastructure 
 

Each principle has a related source of legitimacy and authority structure for enforcement. The 
principles co-exist, overlap and intersect and can contradict each other, requiring negotiations in each 
different local setting. As any customary law, principles are embedded in multi-dimensional social, 
institutional, legal, political and technical community life. Focusing on the first three principles, these 
are also found in the Shire System or the broader provinces of which the Shire System is part, as 
follows. 
 
8.3.1 Water: a shared resource 
 
Customary Water Sharing Water is viewed as a shared resource given by God, so in customary water 
tenure there is no notion of any ‘ownership’. There is no private or even in-group ownership of water 
that can categorically exclude others, on the contrary. Water is a natural resource to share. For 
example, in Manica province, adjacent to the Shire System in Mozambique, furrow irrigation is rapidly 
expanding and also attracts migrants or refugees from elsewhere, who lease land, so have weak socio-
territorial rights. Yet, Veldwisch et al (2013) found that no investor would claim exclusive rights to the 
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stream. Instead ‘one would give others a chance’. This customary notion aligns with contemporary 
human rights considerations. 

Box 2 provides an example from Malawi, showing how sharing and good neighbourliness can be 
stronger than the other two principles, and can be phrased in the modern language of human rights.  

Box 2: Water users associations and sharing obligations 
 

Water users associations (WUAs) bring together people with a common water problem, to maximize on 
knowledge, skill and time in finding ways to improve access to water. Other than paying for the water (on a 
monthly basis), sweat equity or/and maintenance and operation of the infrastructure is seen as crucial form 
of participation in WUA. Social networks between villages are activated when acquiring a facility or when a 
facility is broken. This reciprocity depends on trust – but trust is broken when the sharing is not reciprocated.   
 
One village in Malawi within Zomba East Water User Association had refused to support efforts in the next 
village that was about to acquire their own water facility under WUA.  When this ‘rival’ village’s own water 
source, a well became contaminated they failed to approach their neighboring village for help. At a funeral 
ceremony, members of the neighbouring village discovered the desperate water problem faced by their 
neighbours and offered them access to their water.  According to one of the leaders, the human rights to 
water required them to help in such a situation: 
 
[we] asked the other water users to allow them (rival villagers) to come and use our facility as the WUA had 
taught us that water is life and everyone has a right to water hence we must assist others in accessing it.  
 
Source: Mweso, 2016  

 

8.3.2 Socio-territorial rights to water 
 
Legitimacy of Socio-territorial claims Socio-territorial claims to water are based on the sense that 
water ‘belongs’ to the land to which it is physically linked as groundwater, spring, wetland or 
temporarily flooded, natural reservoir, or as stream flowing through the land. Access pathways over 
land and access points to water are also negotiated. The legitimacy of these claims are embedded in 
the settled community; the authority structures are often tribal chiefs.  
 
Practical aspects of claims The Shire System is characterized by many lowlands, floodplains, and 
marshes, which are increasingly used for rice cultivation. In Malawi, wetlands are locally known as 
dambos. These flat open spaces along river courses or near lakes are prone to flooding during rainy 
seasons and retain residual moisture during dry seasons. This characteristic allows farmers to open up 
small parcels for recession agriculture. In Malawi, these are known as dimbas (Malunga 2009). 
Traditionally, dambos were considered to be marginal lands of little value and mainly used for livestock 
grazing (Woodhouse 2017), but they are now increasingly being utilised by smallholder farmers who 
claim socio-territorial rights to these wetlands for producing subsistence crops or even cash crop 
cultivation. 
 
Claims to Water Access Points Socio-territorial rights to access points to water, such as riverine strips, 
or streams can be particularly negotiated, for example for fisheries. Fish provides an important source 
of nutrition as well as economic activity. Small and large-scale fisheries occur in the streams, lakes, 
and reservoirs. The regulation of the river flows for hydropower generation affects fisheries. Access 
points to rivers can also be avoided where crocodiles, hippos and elephants threaten human life.  
 
8.3.3 Infrastructure investors’ claims 
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Claims following infrastructure installation Those who invest in the installation or construction and 
continued maintenance of infrastructure can claim the water stored and conveyed as a result of their 
investments. Depending on the infrastructure, this can pre-suppose some level of socio-territorial 
rights to the site of water use. Infrastructure investments, at their turn, tend to strengthen rights to 
the improved land. Infrastructure investors can also tap into still available sources elsewhere on a first-
come-first-served basis. The authority for enforcement lies with the investors, but in case of conflicts 
they can revert to communities’ conflict resolution procedures, often with the tribal chiefs.  
 
Claims associated with Irrigation Infrastructure Across the Shire System, there is an increase in such 
customary or informal small-scale irrigation for self-supply without support from government and 
NGOs. Small-scale farmers increasingly opt to acquire irrigable land along streams and seasonally wet 
areas to supplement their food production.  The value of watered areas is rising and increasing 
numbers of people seek access to them, especially during drought years. In Mozambique, the Trabalho 
de Inquérito Agrícola (TIA) – National Agricultural Survey Data – record that in 2002-08, about 15% of 
small and medium-scale producers in Tete province used irrigation; in Manica this was 12%; in Sofala 
11% and in Zambézia, the proportion was less than 5% (cited in CDI 2012). Small scale irrigation 
systems are generally low-cost technologies of which some descend from indigenous knowledge and 
have been modernised through modifications (Malunga 2009). These irrigation systems are mainly 
built in flood plains or wetlands where water is abundant during dry seasons (Malunga 2009). Water 
lifting with petrol pumps is often still too expensive and the degree of rural electrification, which would 
render pumping more cost-effective, is still very low.   
 

8.4 Formalization of land tenure 
 

Table 8.1: Summary of formal land tenure considerations for Malawi and Mozambique 

Theme Malawi Mozambique 

Constitution Section 207 of Constitution and 2016 Land Act 
assert that all land/territories in Malawi vest in 
the Republic 

Constitution, 1995 Land Policy, 1997 Land 
Law & Regulation assert that ownership to 
the land, including its wildlife and forests is 
held by the state 

Land cannot be sold or mortgaged 

Select considerations in 
land law 

Provides for formalization of customary land 

Land management is decentralized through 
Land Committees, comprised of village 
headperson and six elected representatives, 
including three women 

Direito de Uso e Aproveitamento da Terra 
(DUAT) as formal right to land; land 
transfer only through buy/sell/lease of 
physical assets on land 

Land tenure security National Land Policy 2002, Land Act 2016, 
Customary Land Act 2016 guaranteed security 
by providing that customary land should be 
registered by individuals and groups into 
private customary estates  

Customary land formalized through DUATs 
obtained by individuals/local communities 
in good faith, provided that he or she has 
used the land for at least 10 years, as long 
as they do not contradict the constitution 

Gender considerations Tensions exist between progressive land law, 
matrilineal societies, and traditional gender 
roles 

Obtaining a DUAT can be challenging and 
biased toward mines and other large land 
users, disadvantaging women and other 
groups 

 
8.4.1 Malawi 
 
The Constitution Whereas customary land and water tenure covers by far the largest area and includes 
the majority of the population, land legislation in both countries seeks to gradually convert these 
tenure systems into formal legislation. In Malawi, Section 207 of the Constitution provides that all 
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lands and territories in Malawi vest in the Republic. This is repeated in the new Land Act of 2016 
(section 8).  In the repealed Land Act of 1965, land was vested in the president.   

Three Categories of Land There are three categories of land recognized in this Act: Public land, Private 
land, and Customary land. Public land is all land held in trust for the people of Malawi and includes 
land held by government or local government, gazetted land national parks and the like and 
unallocated (customary) land under the administration of a Traditional Authority. Private land is land 
under a freehold title, or a leasehold title, or as a customary estate or which is registered as private 
land under the Registered Land Act.  Customary land is all land used for the benefit of the community 
as a whole and includes unallocated land within the boundaries of a Traditional Land Management 
Area. Under the 1951 land ordinance and the Land Act of 1965, customary land was effectively a type 
of public land, and government reserved the right to appropriate as it was not legally controlled or 
owned by Malawians citizens (Saidi 1999). The National Land Policy of 2002, the Land Act of 2016 and 
the Customary Land Act of 2016 have guaranteed tenure security by providing that all customary land 
should be registered both by individuals and groups into private customary estates (Government of 
Malawi 2002, 1, section 19 of the Land Act 2016).  This means that smallholder farmers in Traditional 
Land Management Areas can get legal title to their land by registering it under the Registered Land 
(Amendment) Act of 2016, where before they could not.    

Land Policy and Laws The land law in Malawi significantly improved in 2016 through the enactment 
of 10 new laws giving force to the National Land Policy of 2002. Apart from providing for customary 
estates as private land, the law reform has ensured decentralization of land management.  For 
instance, the Customary Land Act of 2016 provides for land committees in areas with the function of 
management of customary land including allocation of estates, limiting powers of traditional 
authorities and others over this land (section 4and 20). The Land Committees are to be comprised of 
a group village headperson and six other members elected by, and from within, the community, three 
of whom shall be women. The Act further provides that the Land Committee shall have regard to 
equality of all persons in allocation of customary estates (section 22) The National Land Policy of 2002 
had specifically acknowledged the limited access to land by women due to customs and traditions as 
well as unequal voice or representation in decision making processes (Government of Malawi 2002).  

Building on matrilineal land tenure Djurfeldt et al (2018) and others applaud the progressive law that 
upholds female land rights through provisions that guarantee equal inheritance; they however argue 
that this is not enough to ensure women’s empowerment due to broader social and economic 
structures within which rights are exercised.  Women have limited influence on decision making within 
agriculture while men dominate and upend the matrifocal nature of matrilineal land tenure systems. 
Women in matrilineal matrilocal communities access land through the female lineage hence land is 
primarily inherited by women.  In patrilineal patrilocal communities, men are the primary heirs to land 
(Tschirhart et al 2018, Peters 1997; 2010; 2013).  Berge et al (2013) state that ‘the power of women 
over land is strong in matrilineal matrilocal societies contrary to what is generally believed about 
matrilineal societies’.  In matrilineal societies women have considerable authority within the family 
and community, but there is no female empowerment due to dominant gender-based perceptions 
and practices in society (Djurfeldtd et al 2018).   

8.4.2 Mozambique 
 
The Constitution In Mozambique, the 1990 Constitution stipulates that ownership to the land, 
including its wildlife and forests is held by the state. This is elaborated in the 1995 National Land Policy 
(NLP) and subsequent Land Law of 1997 and its Regulation. Land cannot be sold or mortgaged. The 
law recognizes rights for both women and men to use and benefit from land as individual or groups 
such as local communities, and regardless of their marital status.   
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Rights to Use and Benefit from Land The main form of formalization of land rights is through state-
granted usufruct rights: the Direito de Uso e Aproveitamento da Terra (DUAT) (in English: Rights to Use 
and Benefit from Land). These rights can be transferred between third parties, but only when linked 
to the sale or transfer of physical assets standing on the land. The Constitution recognizes the right to 
private property and recognizes that any improvements and constructions made on or to land over 
which a private person or firm has a DUAT, are the private assets of that person or firm. These assets 
can be bought and sold, while the underlying DUAT is administratively transferred to the new asset 
owner, subject to authorization by the government (USAID undated).  

Acquisition of rights to Use and Benefit from Land: DUATs can be acquired based on occupation by 
individuals/local communities in accordance with either customary norms (provided that these do not 
contradict the constitution) or on occupation by individual nationals in good faith, provided that he or 
she has used the land for at least 10 years. So rural customary land is recognized on the basis of 
customary (traditional) occupation by individual persons and by local communities. Community 
includes: areas of habitation, agricultural areas, whether cultivated or in fallow, forests, sites of socio-
cultural importance, grazing lands, water sources and areas for expansion (Law 19/97, Article 1/1; in 
Tanner, 2002: 27). Article 12 in the Land Law states that use and benefits rights to the land may be 
acquired by occupation according to customary norms and practices so long as these do not contradict 
the Constitution.  Article 16:1, states that the right of land use and benefit may be transferred by 
inheritance without gender distinction. Another way is ‘good faith occupation’, so the occupation of 
land by individual national persons who have been using the land in good faith for at least ten years 
(Wardlaw 2012; Lidström 2014; Aradóttir 2016). Rights based on occupation do not have to be 
registered unless circumstances demand. A third formal authorization through a DUAT is by an 
application submitted by individuals or groups/organizations. This authorization is a renewable 50-
year state leaseholds on a concessionary basis, awarded with the authorization of an application 
submitted by an individual or corporate person.  
 
Land Tenure Security: The land law provides land tenure security in the sense that the usufruct rights 
to access and exploit land rights are recognized and enforceable; they are backed by law, custom or 
tradition and are therefore legally and socially protected when challenged. These rights cannot be sold 
or mortgaged. They cannot serve as collateral for loans either.  However, for anyone to obtain a DUAT 
they need to have their land demarcated from communal land (Wardlaw 2012; Lidström 2014; 
Aradóttir 2016). This process of delimitation essentially restricts the boundaries within which a 
community lays claim to the land. Within that community, land allocation is left to the community 
members to decide themselves who gets what piece of land for their own use. 
 
Practical Challenges with obtaining rights to land: This demarcation process can be difficult and very 
time consuming. As a result not many people are able to get hold of a DUAT. Moreover, especially 
women find it difficult to meet the requirements for obtaining the DUAT. The requirements for 
obtaining a DUAT include a valid identity document, and many women do not have such identity 
documents. Moreover, State structures that led the process of land demarcation tend to adopt the 
concept of the male family head engaging with male leadership, overlooking women (Aradóttir 2016; 
Wardlaw 2012; Lidström 2014. As in Malawi, this erodes women’s power even more in matrilineal 
societies.  
 
Foreign investment and rights to land: If outsiders seek to obtain a DUAT to customary land, a 
thorough, participatory and time-consuming process is required to ensure the land is free or to 
determine the conditions by which local rights are given up in favour of the newcomer. Awarded rights 
must be registered. The number of private firms that seek to obtain a DUAT is growing. They include 
large-scale sugar cane or rice farmers and the mining companies rapidly prospecting Tete’s coal 
reserves. Mining concession are given priority and the existing land users should formally be 
compensated with a “fair and reasonable indemnity”. Almost three quarters of the area has been 
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issued with licenses for exploration. Exploitation may lead to displacements from original land 
holdings to less fertile and remote places. For the logging of hard wood timber, the department of 
forestry issues long-term concessions and individual licenses. However, illegal logging is a thriving 
business in what is described as the “Chinese Takeaway” (CDI 2012). Hunting and wildlife reserves for 
tourism also compete with customary land. On the one hand, corporate firms complain that obtaining 
a DUAT is a cumbersome process with unclear criteria; that it is unclear which engagement is required 
with which community representatives; and that there are overlapping and inadequately documented 
conflicting land claims.  
 

8.5 Key Messages 
 
The land and water tenure of the Shire River-Aquifer System reveals important considerations for 
shared water management. Key messages are as follows: 
 

• Matrilineal land tenure predominates: Whereas it is well known that women provide most of 
the agricultural labour, it is less commonly known that matrilineal descent and land 
inheritance prevail, in the midst of patrilineal groups. This local variation does not sit well with 
conventional assumptions that the household is headed by a man, who provides for all 
livelihood.   

• Considerable alignment of customary tenure systems and formal laws and policies: Between 
the Shire System in Malawi and Mozambique, customary tenure systems are quite similar 
largely due to similarities in ethnic groups. Formal laws and policies equally possess a good 
degree of consistency. These two points bode well for any future efforts toward collaboration 
on improved land and water management. 

• Formalization of land and water tenure can account for customary rights: One risk of 
formalization of customary land is that this local variation is not sufficiently considered in 
blanket new land laws. Processes of formalization and local committees lack an equal voice 
by women.  The related risk is that powerful newcomers searching for official land titles, take 
land, access points to water, and water resources away from communities. By co-opting some 
male leaders, poor men and women lose out. Although the requests for DUATs from outsiders 
risk seriously affecting customary land and land tenure, it is an important first step that the 
land laws in both countries have established a formal regulatory process for negotiations.  
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9.0 Institutions and Governance  

9.1 Governance Context 
 
Broader Governance frameworks in the two countries: The supreme law in both countries is the 
Constitution, providing a broad framework for legislation on water management. In Malawi, the 
(1994) Constitution recognises water or access to water as a human right, implicitly in the Bill of Rights 
that provides for the rights to life, to dignity, and social economic development among other rights. 
The Constitution also promotes prevention of environmental degradation, conservation of biological 
diversity and ensuring intergenerational equity in terms of access to benefits from environment 
(Mulwafu and Mwamsamali 2017).  In Mozambique, the 1991 Constitution frames the governance of 
water as a resource vested in the state. It is operationalized through the Five Year Plan 2015 – 2019 
(Government of Mozambique 2015a) and the National Sustainable Development Plan (PNDS) for 
Rural, Sustainable and Inclusive Growth with a time horizon till 2030 (Government of Mozambique 
2015b).  
 
Shared aims of country planning: Both countries’ plans emphasize inclusive, agriculture-led and 
gender-equitable green growth and the need for health and drinking water services, such as the 
preparation of National Rural Water Program, and agriculture development, credit and micro-
insurance.  The five priority areas of the Five Year Pan are: a) Consolidating National Unity, Peace and 
Sovereignty; b) Developing the Human Capital and Social, including health services to reduce maternal 
mortality from chronic malnutrition, malaria, tuberculosis, HIV, and other diseases; c) Promoting 
Employment, Productivity and Competitiveness with emphasis on agriculture, animal production and 
fisheries, promoting industrialization and export; d) Developing Economic and Social Infrastructure; e) 
Ensuring sustainable management and Transparent Natural Resources and Environment, including 
disaster risk and adapting to climate change. The National Sustainable Development Plan (PNDS) 
explicitly mentions access to affordable drinking water for 15 million people and productive activities; 
rural energy through renewable energies, including the construction of small hydroelectric stations 
with irrigation components. 
 
Water Governance in Malawi and Mozambique: Water governance is defined as ‘the range of 
political, social, economic and administrative systems that are in place to develop and manage water 
resources, and the delivery of water services, at different levels of society’ (Rogers and Hall 2003). The 
formal water governance frameworks of both countries follow a similar structure. Guided by the 
constitution and national goals and planning, the water sector in both Malawi and Mozambique is 
governed by three main national policy and legal instruments. These are:  
 

• Water policies with corresponding strategies; 

• Water laws with corresponding regulations, providing for the management, conservation, use 
and control of water resources and for transboundary water management; and 

• Legislation to provide for urban and rural domestic water supplies and sanitation.  
 

9.2 Water Policy and Law 
 
9.2.1 Malawi  
 
National Water Policy (2005) and Water Resources Act (2013):In Malawi, the National Water Policy 
of 2005 provides for integrated and participatory water management for sustainable water 
development, services and utilisation. In line with this policy, the Water Resources Act of 2013 (WRA) 

was promulgated as the main Act for the management, conservation, use and control of water 
resources. The definition of water resources in the WRA includes both surface and ground water. The 
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Act recognizes the importance of water to human sustenance and the multiple functions that the 
resource provides. One objective of the WRA is to allow for the orderly development and use of water 
resources for purposes that include domestic use, irrigation  and  agriculture,  industrial,  commercial  
and mining ,  the  generation  of  hydroelectric  or  geothermal energy, navigation, fishing, preservation 
of flora and fauna and recreation  in  ways  which  minimize  harmful  effects  to  the environment. 
Among these uses, the Act specifically prioritizes water resources for domestic use and reasonable 
protection and maintenance of aquatic and wetlands ecosystems and its functions. Such provisions 
confirm Malawi’s commitment and recognition of the human right to water and the right to a healthy 
environment. The two other objectives of the Act are promotion of rational management and use of 
water resources and to control pollution and promote good waste management for human health and 
environment.   
 
Licensing for abstractions: Both surface water and groundwater abstractions and uses, as well as 
discharge of treated wastewater, require authorization or a license. The criteria for authorization or 
licenses for use or abstraction of water include: ensuring consistency with the above mentioned 
objectives; consideration of other licensed users including traditional communities and reserved water 
for human and environmental rights; sustainability and efficiency; impact on quality of water, on 
aquatic ecosystem and obligations of shared water resources; among other factors. The Act also 
promotes public participation and transparency in decision making processes on water management 
and utilization. It also provides a mandate to create bodies to implement international agreements on 
management and development of water resources including those shared with other countries. 
Thethe WRA 2013 recently came into effect taking over the repealed Water Resources Act of 1969.  
 
Water fees in Malawi: Malawi faces a number of tariffs associated with access to water (Table 9.1). 
Malawi applies costs associated with provision of license for groundwater or surface water, including 
on renewal, transfer and variation of existing licenses. The country also has fees associated with 
effluent production manifested in sale of permits; renewal, transfer or variation on such permits also 
comes at a cost.  
 

Table 9.1: Water fees in Malawi 
 

Description of Activity Annual Fees (MK) 

Application for registration of existing right 80,000 

Application for Groundwater Licence 80,000 

Application for Surface Water licence 80,000 

Cancellation of Surface Water Licence 80,000 

Cancellation of Groundwater Licence 80,000 

Renewal of  Groundwater Licence 200,000 

Renewal of  Surface Water Licence 200,000 

Variation of  Surface Water Licence 80,000 

Variation of  Ground Water Licence 80,000 

Transfer of Surface Water Licence 80,000 

Transfer of Ground Water Licence 80,000 

Search of Licence 40,000 

Application for Effluent Discharge Permit 80,000 

Effluent Discharge Permit 400,000 

Renewal of Effluent Discharge Permit 200,000 

Variation of Effluent Discharge Permit 80,000  

Transfer of Effluent Discharge Permit 80,000 

Search for Effluent Discharge Permit 40,000 
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9.2.2 Mozambique  
 
Water Act no. 16/91 Mozambique’s ‘Water Act No. 16/91 regulating water resources belonging to the 
public domain’ was promulgated in 1991 as one of the first revised water laws in Africa (Alba and 
Bolding 2016). Anchored in the constitution, this Act was formally approved by the Council of Ministers 
in 1991 by Decree nº 26/91.  
 
The Water Act No. 16/91 distinguishes three categories for regulation:  
 

• Free uses, or ‘usos communos’ for domestic uses, the watering of animals and water uses 
without siphons or other works up to 1 ha;  

• Simple uses requiring a simple licence (which are currently for 5 years and renewable); and  

• Large-scale diversions, which are subject to a concession (currently for 50 years).   
 
For obtaining a water license or concessions, one needs a DUAT (formal land use right, see chapter 8). 
The License and Concession Regulations (article 12.3) oblige license holders with a DUAT, to still allow 
the public a right of way to maintain access to springs, lakes, ponds and marshes.  
 
Resolution nº 60/98: In 1998, Resolution nº 60/98 on the ‘Ministerial Decision No. 70/97 establishing 
fees to be paid for water uses’ took the past experiences with charging for dam water forward into a 
Water Tariff Policy. Decree nº 43/2007 further detailed and approved the License and Concession 
Regulations, which imposed tariffs on licenses and concessions. In 2016, this was further regulated. 
The tariffs are given below for regulated water use (Table 9.2) and licenses and concessions (Table 
9.3).  
 

Table 9.2: Water use tariffs, Mozambique 
 

Regulated Water Rates 
(MT/m3) Type of activity 

Type of use TFixed rate UGB – 
Regulated 
(MT/m3) 

Tf1  (Concession) Tf2  (MT/mes) 

Sector ≤ 1 ha  0 0  0 

(I) Agriculture Income  Commercial Sector ≤ 50 ha 1 
500.00  

300.00  0.14 

SCommercial Sector 50 < 
ha ≤ 1000  

5 000.00 1 000.00  0.19 

Commercial Sector > 1000 
ha  

7 500.00 2 500.00  0.21 

(II) Industrial Processing/Transformative 7 
500.00  

2 
500.00  

0.31 

Extractive Mining 25 000.00 5 000.00  0.52 

(III) Water supply  Small systems (≤ 5000 connections) 1 
000.00  

750.00  0.10 

Large systems (> 5000 
connections)  

5 000.00 2 000.00  0.24 

(IV) Thermoelectric Thermoelectric power plant ≤ 2 
MW 

5 
000.00  

1 
500.00  

0.10 

CThermoelectrical Power 
Plant 2 ≤10 MW  

8 500.00 3 000.00  0.17 

CThermoelectrical Power 
Plant >10 MW  

25 000.00 6 000.00  0.24 



 
 

107 
 

(V) Other uses  1 500.00 300.00  0.24 

 
 

Table 9.3: Tariffs on licenses and concessions 
 

Type of Activity Type of use Sub-
Category 

Fixed 
rate 

v1: Rate of 
usede uso 
(MT/m3) 

Concession Income (Tf1)  License Holder 
(Tf2: Mt/mês)  

VI) Alimentos Básicos 
Agriculture of basic foods  

Sector 
Familiar ≤ 1 
ha  

-  0  0  0  

Associados 1 < ha ≤ 25  Associados de Subsistência  196.00  0  0.04  

Associados 25 < ha ≤ 350  Associados Emergentes  652.00  435. 00  0.09  

Associados > 350 ha  Associados Comerciais  2 609.00  1304.00  0.12  

Privados 1 < ha ≤ 25  Privados  782.00  157.00  0.12  

Privados 25 < ha ≤ 350  913.00 609.00 0.15  

Privados > 350 ha  3 478.00 1 739.00 0.17  

 
 
Practical Aspects of Tax Collection: In practice, tax collection targets the few high-impact users (ARA-
Zambeze official, pers. communication). As the costs of informing, processing applications, billing and 
enforcing payment of overwhelming numbers of physically and institutionally remote, and unknown 
small-scale irrigators would be higher than any revenue collected, collective revenue collection was 
explored. Experimentally, ‘focal points’ were appointed for the purpose of revenue collection among 
fellow farmers, as reported in the ARA-Sul (Alba and Bolding, 2017b).  
 
Evolving Water Policies and Strategies: Legislation and evolving regulations reflect the evolving water 
policies and strategies. The first National Water Policy was approved by Governmental Resolution in 
August 1995. In 2007, by Decree nº 46/2007, a revised Water Policy was approved. The National Water 
Resources Strategy (Estratégia Nacional de Recursos Hídricos (ENRH) of the same year provides the 
strategies to achieve the goals defined in the Water Policy. This includes the establishment of a 
National Water Registry (CNA). Decree 47/2009 specifies the regulation for small water dams. The 
Decree No. 18/2012 defines the Regulation on Research and Exploitation of Groundwater (RPEAS). 
 
 

9.3 Water Resources Management Organizations 
 
9.3.1 Malawi Water Resources Management 
 
Ministry of Agriculture, Irrigation and Water Development: Malawi’s water resources are managed 
under the Ministry of Agriculture, Irrigation and Water Development (MoAIWD). The MoAIWD is at 
the top of the hierarchy in the water sector responsible for developing policies, managing both surface 
water and groundwater resources as well as water supply and sanitation. The MoAIWD is divided into 
different departments that include the Departments of Water Resources (DWR), Department of Water 
Supply and Sanitation, Department of Irrigation Services and other technical departments relating to 
agriculture.  
 
Department of Water Resources: The Department of Water Resources (DWR) has several divisions 
and sections that include surface water, groundwater and water quality services (Fig 9.1). The 
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Transboundary Water Resources Management Unit (TWRMU) falls under the surface water division 
although its mandate includes both ground and surface water in terms of quantity and quality.  
However, efforts are being made that TWRU reports directly to the Director because of the nature of 
the mandate it has to serve that is cross-cutting all the Divisions in the Department. The TWRU among 
others is responsible to represent Malawi on issues of transboundary water at both national, regional 
and global forums like SADC, ZAMCOM, UN Water, AMCOW and AU. Under the surface water 
resources division are two sections responsible for surface water development and management as 
well as hydrology. The groundwater division consists of the groundwater development and drilling 
section which is responsible for groundwater development as well as the hydrogeological and pump 
research section responsible for groundwater research and monitoring. The water quality services 
division houses the chemistry and microbiology sections which are responsible for water and 
wastewater quality monitoring in the country.  
 
National Water Resources Authority: The establishment of the National Water Resources Authority 
(NWRA) as a state entity (parastatal) according to the Water Resources Act, 2013 is aimed at setting 
up an independent and sustainable institution that can ensure improved water resources 
management in Malawi. This will be achieved through the development of various instruments which 
will provide updated and practical standards and guidelines on relevant procedures, mechanisms, 
institutional and financial frameworks for the operation and transactions of the NWRA. 
 
In summary, the functions of the NWRA as defined in the Water Resources Act, 2013 can be grouped 
into three categories as follows: 

i. Policy development services 
ii. Regulatory services; and  

iii. Water resources management services 
 
The NWRA is not fully operational but has a governing board in place since November 2018. In this 
case, the DWR continues to facilitate and coordinate the proper management and utilization of water 
resources. The NWRA is structured with 4 main offices; the Headquarters and 3 Catchment 
Management Boards (CMBs) in the cities of Blantyre, Lilongwe and Mzuzu each one serving a number 
of the country’s main catchments. In addition, there will be 8 district hydrological offices falling under 
the CMBs.  
 
Catchment Management Boards: Catchment Management Boards (CMBs) are established to act on 
operational matters to ensure that the NWRA is fully represented at the local level to water users. The 
hydrological district offices will bring the CMBs even closer to the public through Catchment 
Management Committees (CMCs) and Associations of Water Users (AWU)), at the same time 
facilitating the water resources monitoring activities at CMBs level. Under the Shire River Basin 
Management Program, funded by the World Bank, financial and technical support was provided 
towards formation of an interim secretariat for one of the three CMBs, Shire River Basin Management 
Board. It was envisioned in the Shire River Basin Plan (MoAIWD 2017) that by 2019, the Shire River 
Catchment Board would be fully operational and would be responsible for the coordinating, planning 
and managing the Basin. The program approach is to focus on the agriculture-water-energy nexus but 
specifically on water to ensure water productivity and water use efficiency to grow the economy and 
feed a growing population faced with increasing climate risk. 
 
Catchment Management Committees: The Water Resources Act of 2013 also recognises local or 
community institutions, namely; the Catchment Management Committees (CMCs) and Associations 
of Water Users (AWU)  These bodies facilitate decision making and responsibility over water at the 
lowest level. The CMCs are advisory bodies to the CMBs and the NWRA. CMCs are composed of 
representatives of public entities, regional development authorities responsible for water resources 
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within a catchment area, farmer representatives, business community, non-governmental 
organisations within the catchment area and individuals with competence in the management of 
water resources. The role of the CMCs is providing local knowledge about local water resources which 
then feeds into informing larger systems and institutions in water management (Goldin 2010).   
 
Association of Water Users: Below the CMCs are AWUss (Figure 9.1). An AWU can be initiated by a 
group of water users or by government through the NWRA. The purpose of an AWU is to manage, 
distribute and conserve water, operate water services, including collection of water user charges and 
fees, and to represent the special interests and values arising from water used for public purposes. 
 

 
 

Figure 9.1: Water management institutions in Malawi 
 
 
 
9.3.2 Mozambique 
 
Direcção Nacional de Águas (DNA). Water resources are managed by the Ministry for Public Works, 
Housing and Water Resources through the National Directorate of Water (DNA). The Ministerial 
Diploma nº 172/92 elaborates the Internal Regulations of the National Water Directorate. By year 
2015 the former Directorate was split into a National Directorate of Water Resources Management 
(DNGRH) and a National Directorate of Water Supply and Sanitation (DNAAS) under the Ministry of 
Public Works, Housing and Water Resources. 
 
Conselho Nacional de Águas (CNA). In 1991, Decree nº 25/91 also authorized the functioning of the 
National Water Council (Conselho Nacional de Águas (CNA)), an advisory organ under the Council of 
Ministers that coordinates between the Ministries.  
 
Administrações Regionais de Águas (ARAs). The 1991 Act stipulates decentralization of operational 
water resources management to Regional Water Administrations (Administrações Regionais de Águas 
(ARAs)).  The Act defined the ARA-Sul, ARA-Centro, ARA-Zambeze, ARA-Centro Norte and ARA-Norte. 
Within these basins, River Basin Management Units and River Basin Committees (Comité de Bacía) are 
prescribed. For each ARA, the Act mentions a Management Council made up of a minimum of 11 
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members, namely the basin-level representatives of the Ministries of Energy, Industry and Trade, 
Culture and Tourism, Agriculture and Food Security, Land Environment and Rural Development and 
Public Works, Housing and Water Resources.  
 

 
Figure 9.2: Main river basins and Regional Water Authorities (ARAs) of Mozambique 

 
 
ARA-Zambeze. After the establishment of ARA-Sul and ARA-Centro, the ARA-Zambeze was established 
through Ministerial Decree nº 16/06/2000 started in 2002 as ZAMWATER Project and was approved 
in 2005 by Order No. 70/2005 as the Regional Water Authority that is responsible for management of 
the Zambezi River Basin in Mozambique. It has administrative and financial autonomy, and falls under 
the Ministry of Public Works and Water Resources (MOPHRH) through the National Water Directorate 
for Water Resources Management (DNGRH) (Figure 9.3). Temporarily supported by the EU, it conducts 
studies, interacts with the management of the Cahora Bassa and informally with Malawian colleagues. 
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Figure 9.3: Institutional arrangements in Mozambique (Source: DNGRH, 2019) 
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9.4 Transboundary Water institutions 
 
Malawi: Malawi’s international water governance was institutionalized through several international 
agreements and protocols on sustainable water, environment, land and other natural resources 
management. Of particular interest is its commitment to cooperation on sustainable management of 
and common utilisation of water resources through agreements like the Revised Protocol on Shared 
Watercourses in the Southern African Development Community of (2000) and the African Convention 
on the Conservation of Nature and Natural Resources (2003).  
 
Mozambique: Mozambique signed the Resolution nº 67/2004 to become member of the Limpopo 
Commission (LIMCOM); Resolution nº 53/2004 on the Incomaputo Commission; and Resolution nº 
64/2004 for ZAMCOM that came into force on 19 June 2011 after six of the eight riparian countries 
completed their ratification processes and deposited their ratification instruments with the SADC 
Secretariat.  Mozambique never ratified the UN Convention on Law of the Non-Navigational Uses of 
International Watercourses of 1997.  
 
2003 Agreement between Malawi and Mozambique: Malawi and Mozambique signed a treaty in 
2003, as ‘The agreement on the establishment of a Joint Water Commission’ (Republic of Malawi and 
Republic of Mozambique 2003). Although this agreement followed on the devastating floods in 2001 
(IWMI 2015), the contents of the agreement are generic about water sources of common interest. The 
Commission is an advisory body to both governments. The agreement refers to general principles of 
timely information exchange of relevant data for drought periods and flood forecasting, identification 
of areas of cooperation, amicable conflict resolution, and, as the issue mentioned most explicitly: the 
prevention and control of the infestation of aquatic weeds. Some informal sharing of information 
between staff of ARA-Zambeze and the Malawian operators about water levels that may imply 
impending floods, has also been reported to have taken place. 
 
2007 Memorandum of Understanding related to Navigation: In 2007, a Memorandum of 
Understanding (MoU) was signed by Malawi, Mozambique and Zambia to develop and implement the 
waterway as a trans-boundary facility. Common Market for East and Southern Africa (COMESA), on 
behalf of the governments of Malawi, Mozambique and Zambia, and later supported by SADC, 
submitted the request for the feasibility study to the African Development Bank in 2009, to be 
implemented through this MoU.  As discussed in section 7, navigation had been pursued in the past 
between Malawi and the Indian Ocean. In 2006, an EU-supported pre-feasibility study was conducted. 
That study concluded that the rivers seemed navigable if developed. However, for the potential 238 
km long canal to connect Nsanje with Chinde at the coast of the Indian Ocean, it was required to 
undertake a comprehensive Feasibility Study of the Shire-Zambezi Waterways in terms of technical, 
economic, social and environmental viability and, in case the project would be deemed feasible, to 
prepare a business plan (AWF 2011). The findings of this feasibility study, and a number of other 
studies and trial tests, were less than optimistic about viability. It found that the estimated maximum 
amount of goods that could be moved along the two rivers would be 273,200 tonnes per year. 
Dredging would cost 30 million US dollars a year, and the removal of aquatic plants 50 million dollars 
a year.  
 
The Zambezi Watercourse Commission (ZAMCOM): At a broader level, both countries participate in 
the Zambezi Watercourse Commission (ZAMCOM). While the Shire System constitutes a relatively 
small portion or the broader Zambezi Basin, ZAMCOM can still play a mediating or facilitative role in 
Shire-specific issues. Zambezi riparians signed the Agreement on the Establishment of the Zambezi 
Watercourse Commission (ZAMCOM) in 2004. ZAMCOM’s objective is to ‘promote the equitable and 
reasonable utilization of the water resources of the Zambezi Watercourse as well as the efficient 
management and sustainable development thereof’ (624ENG, TFDD). The ZAMCOM Agreement 
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provides for several institutional bodies to facilitate the cooperative process. The Council of Ministers 
has the overall responsibility for decision making, supported by a Technical Committee of senior 
officials from the riparian states and a Secretariat which is responsible for implementing ZAMCOM’s 
Strategic Plan and associated activities. ZAMCOM has nine primary functions: 
 

• Collect, evaluate and disseminate all data and information on the Zambezi Watercourse as 

may be necessary for the implementation of this Agreement. 

• Promote, support, coordinate and harmonize the management and development of the water 

resources of the Zambezi Watercourse. 

• Advise Member States on the planning, management, utilization, development, protection 

and conservation of the Zambezi watercourse as well as on the role and position of the public 

with regard to such activities and the possible impact thereof on social and cultural heritage 

matters. 

• Advise Member States on measures necessary for the avoidance of disputes and assist in the 

resolution of conflicts among member states with regard to the planning and management, 

utilization, development, protection and conservation of the Zambezi watercourse. 

• Foster greater awareness among the inhabitants of the Zambezi watercourse of the equitable 

and reasonable utilization and the efficient management and sustainable development of the 

resources of the Zambezi watercourse. 

• Cooperate with the institutions of Southern Africa Development Community (SADC) as well as 

with other international and national organizations where necessary. 

• Promote and assist in the harmonization of national water policies and legislative measures. 

• Carry out such other functions and responsibilities as the Member States may assign from 

time to time. 

• Promote the application and development of this Agreement according to its objective and 

the principles referred to under Article 12 [which contains 8 principles]. 

 
In practice, implementing the ZAMCOM agreement has taken some time. Finalization of the 
agreement required ratification by 6 of the Zambezi’s 8 riparians, a process that was finally completed 
in 2011 (Southern Africa Research and Development Centre,SARDC 2013). An interim secretariat was 
established, and an interim executive secretary appointed, at that point in Gaborone. A permanent 
secretariat was subsequently established, and a permanent executive secretary appointed in Harare 
in 2014. Staff members have been added since then and the institution is starting to take shape, with 
initial projects focused on the emerging Decision Support System and Strategic Planning.  
 

9.5 Domestic water services policy, laws and institutions 
 
9.5.1 Malawi 
 
The Waterworks Act: The MoAIWD also heads the implementation of water supply (Baumann and 
Danert 2008; Matamula 2008; USAID n.d.). Water services are regulated in Malawi through the 
Waterworks Act of 1995, which provides for water services in urban areas. The Waterworks Act is the 
leading legislation mandating Public Utility Companies or Water Boards, as sole water service 
providers in designated urban areas and Market Centres, the boundaries of which the minister 
declares, and can alter, amend, reduce or extend.  
 
Public Utility Companies: At Malawi’s regional and district tiers, there are three regional and two 
district public water utility companies as sole water service providers in designated urban areas under 
the Waterworks Act. The five utility companies are Northern, Central and Southern Water Boards at 
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the regional levels, and then Lilongwe and Blantyre Water Boards. Most of the water supply facilities 
in these cities are old. The aging water facilities may cause various problems, such as risk of accidents 
and failures with water supply interruption for a long time due to the deterioration of structural 
components.  
 
Through the Local Government Act, administrative and political authority and management 
responsibilities have been devolved to district and city councils to manage certain services and 
functions including water resources, supply and sanitation services and community development. The 
MoAIWD works hand in hand with local government through district water officers who report to both 
agencies.    
 
9.5.2 Mozambique 
 
Fundo de Investimento e Património do Abastecimento de Água (FIPAG)- Investment Fund and 
Heritage of Water Supply: The 1991 Mozambican Water Act also regulates domestic water supplies. 
The first National Water Policy of 1995 emphasized the goal of reconstruction and expansion of basic 
water provision to urban, peri-urban and rural areas. Specific institutional and financial frameworks 
for implementation have been established, which all fall under the National Directorate for Water 
Supply and Sanitation, in the Ministry of Public Works, Housing and Water Resources. In 1998, the 
Decree nº 73/98 established the public ‘Investment Fund and Heritage of Water Supply’ (Fundo de 
Investimento e Património do Abastecimento de Água (FIPAG)). Decree nº 74/98 established the 
Water Supply Regulatory Council (Conselho de Regulação do Abastecimento de Águas (CRA4)). In 2004, 
the Ministerial Order No. 180/2004 was approved to regulate the water quality for human 
consumption (Manjate 2010).  
 
Programa Nacional de Abastecimento de Água e Saneamento Rural (PRONASAR) - National Rural 
Water Sanitation Program:The FIPAG was for major cities, including the Maputo Region (Águas da 
Região de Maputo). The framework allowed for private operators to be in charge of the management 
of five systems, while the assets and the investments were in the hands of FIPAG with its independent 
supervisor, CRA. In smaller cities and towns, the Administration for Water and Sanitation 
Infrastructure (Administração de Infrastruturas de Abastecimento de Água e Saneamento, AIAS) 
operated. In rural areas, water supply and sanitation is coordinated through National Rural Water 
Sanitation Program (Programa Nacional de Abastecimento de Água e Saneamento Rural (PRONASAR) 
from 2010 onwards. PRONASAR is striving to manage aid to the rural sector more effectively and to 
implement sector and institutional reforms that facilitate harmonization and alignment. Community 
participation is promoted, with rural water points (e.g., boreholes with hand pumps) managed by 
voluntary committees. In 2006, it was estimated that 85% of its funds came from grants and 
concessional loans.  
 
Water Boards: Accordingly, in the Mozambican part of the Shire System, domestic water supplies are 
implemented by water boards in urban areas. In rural areas, local government collaborates with NGOs 
such as WaterAid and World Vision. For example, in Mutarara with a population of 208,864 
inhabitants, 46.2% of the population has access to an improved water source, corresponding to 155 
drill holes and 135 operational wells, 8 sources connected through small water supply systems. 
However, groundwater is reported to be saline. Morrumbala has 683 operational water sources in the 
area and the rural water supply rate is about 64.2% (water officials, pers. communication). 
 
 

 
4 The CRA has recently been replaced by the Water Regulatory Authority (AURA) 
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9.6 Other relevant policies, laws and institutions 
 
9.6.1 Malawi 
 
Irrigation: Among the various other pieces of policies, legislation and institutions that affect water 
resources management, an important sector is irrigation. The Irrigation Act of 2001 together with the 
National Irrigation Policy of 2016 provide for the implementation and provision of irrigation-related 
goods, works and services. The Act provides guiding principles and establishment of relevant body for 
sustainable development and management of irrigation. The National Policy provides guidance in the 
provision of irrigation goods, works and services having regard to three critical issues affecting the 
irrigation sector namely spatial and temporal water shortages; customary land tenure disputes; and, 
poor operation and maintenance of infrastructure. The policy seeks to contribute to the attainment 
of food security, nutrition and sustainable economic growth. Specifically regarding water, the 
intended outcome is water productivity through catchment management and water harvesting.  
 
Types of Irrigation Farming in Malawi Historically, irrigated agriculture in the country started in the 
late 1940s with the colonial governments development of irrigation schemes. Eventually irrigated 
farming was generally driven by the post-colonial government as a way of ensuring sustainable food 
production in the country (Nkhoma 2011). Irrigation farming in Malawi can be classified into four main 
groups. Firstly, there are the large commercial irrigation schemes mainly managed by sugar producing 
companies in Chikwawa (so in the Shire System) and Dwangwa. Secondly, government established 
smallholder irrigation schemes to give opportunities to local small scale farmers and mainly these 
schemes were established by government and handed over to communities to manage them. Thirdly, 
self help smallholder schemes run by the farmers themselves on self-help basis or in certain cases by 
nongovernmental organisations. Finally, there are private small commercial schemes owned by 
individual smallholder farmers (Nkhoma 2011). Chapter 8 elaborated the tenure arrangements for the 
latter two categories. 
 
Malawi Energy Regulation Act of 2004 Around 98% of Malawi’s grid electricity is generated by three 
hydropower plants on the Shire River (Nkula, Tedzani and Kapichira).  Only 10 % of the population are 
connected to the grid which is unreliable due to widespread power outages according to the national 
renewable energy strategy (GoM 2017).  There are several laws on hydro energy in Malawi.  The main 
Act is the Malawi Energy Regulation Act of 2004 which establishes the Malawi Energy Regulatory 
Authority (MERA) to regulate activities of the energy industry.  Then there is the Rural Electrification 
Act to increase access to electricity in rural areas. The Electricity Act of 2004 deals with licensing, 
tariffs, generation, transmission, distribution and sales among other issues. Through an amendment 
in 2016, the Act established two entities, the Electricity Generation Company of Malawi Limited 
(EGENCO) and the Electricity Supply Corporation of Malawi Limited (ESCOM) responsible for 
generation and transmission respectively. This is intended to improve generation and distribution 
infrastructure in the country (Kachanje et al 2017).  
 
Environment Management Act (2017) There are several other national, sectoral legislations and 
policies that have an impact on the water sector.  There is the the revised Environment Management 
Act of 2017, an integrated and comprehensive legal framework for environmental and natural 
resource conservation, sustainable utilization, protection and management in Malawi.  
 
Other areas: Transport, Decentralization, Forestry, Mining The Ministry of Transport and 
Infrastructure Development represents Malawi in the transboundary dialogues on the navigability of 
the Mozambican part of the Shire System and Lower Zambezi. The Local Government Act and the 
National Decentralization Policy, both of 1998, established that decisions should be made at the 
lowest level through the transfer of decision-making authority, financing and management to 
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representatives and local government. Although the devolution process has been slow, the local 
government has mandate over natural resource management including water.   The Forestry Act of 
1997, the Mines and Minerals Act of 1981, and accompanying sectoral policies all contribute to the 
regulation of water resources. 
 
9.6.2 Mozambique 
 
Irrigation and Fisheries At national level, the 10-year Strategic Plan for Agricultural Development 2010 
– 2019 (PEDSA) aims to develop irrigation schemes and boost agricultural production in order to 
improve food security and rural income in a competitive and sustainable way. The PEDSA envisages 
doubling crop yields and increasing by 25% the area cultivated for basic food production by 2019. 
Investments in irrigation infrastructure, agricultural technologies and market based approaches as 
well as in enabling environments such as physical infrastructure, financing mechanisms and 
coordination are envisaged in order to achieve this goal. The Ministry of Agriculture (Ministério de 
Agricultura (MINAG)) is responsible for implementation.  
 
Hydropower The Ministry of Energy is responsible for hydropower generation and distribution, 
including the Cahora Bassa plant. The management of the latter is in the hands of the company 
Hidroeléctrica de Cabora Bassa (HCB). The newly constructed Mphande Nkuwa hydropower plant, 60 
kilometres downstream of Cabora Bassa dam, and other expansion of hydropower generation will 
meet the growing energy needs of Mozambique, Malawi, Zambia and South Africa. 
 
Natural Resources The Ministry for Mineral Resources (MIREM) oversees mining, including the 
exponentially growing exploitation of the high quality coal and minerals in Tete Province to India for 
steel production and to China. Since 2009, three more coal mines were opened in this province. For 
example, Vale Mining Company already invested for more than USD 5 billion since 2011 and increased 
extraction from about 4 million tons of coal per year to 20 million tons per year.  
 
Transport and Navigation The Ministry for Transport and Communication (MTC) plays an important 
role in the Shire System and Lower Zambezi basin. The growing coal exports put new demands on 
transport to the Indian Ocean. There are currently two existing west-east corridors: the Tete –
Nampulo-Nacala corridor through Malawi (which seems to interest the Vale mine) and the Tete-Beira 
corridor of the 600 km long Sena railway line, which is currently rehabilitated. However, as railway 
transport capacities may still be insufficient, the potential of dredging for barges to transport coal 
down the Zambezi River, as a ‘Zambezi Seaway Scheme’ is also being explored. This may coincide with 
the Malawian aspirations for navigation of the Shire System. 
 
Environment The Ministry for the Coordination of Environmental Action (MICOA) is responsible for 
environmental protection. This mandate is also highly relevant in the Lower Zambezi. The operation 
of the upstream Cahora Bassa dam already affected the livelihoods and ecosystems in the delta, which 
has also been declared as RAMSAR site (De Bruyne et al 2017). In particular, Environmental Impact 
Assessment fall under the authority of the Direcção Nacional de Auditoria e Impacto Ambiental.  
 
Decentralization At national level, local government legislation seeks devolvement of powers. 
However, municipalities in general have limited human and financial resources (USD3 to USD20 per 
capita per year in total municipal revenue). In 2003, the Law of Local State Organs defined local 
administrative units of state and gave the districts powers to plan, budget and implement local 
initiatives, defining the district as a “budgetary unit”. In the 2006 budget, each district started to be 
receive a yearly budget of approximately 300,000 USD (“sete milhões”). Through a participatory 
planning process and approval by District Consultative Councils made up of community 
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representatives, priorities are identified. Initially this was for infrastructure projects but broadened 
later on.  
 
In the Zambezi basin, the Zambezi Development Agency (ADVZ - Agencia de Desenvolvimento do Vale 
do Zambeze) exists, which reports to the Ministry of Economics and Finance. 
 

9.7 Key Messages 
 
The institutions and governance of the Shire River-Aquifer System reveals important considerations 
for shared water management. Key messages are as follows: 
 

• Institutions are theoretically extensive; their practical reach may nonetheless be variable 
There is an elaborate institutional framework in both countries concerning water 
management and its uses. A primary issue, therefore, may not be presence of institutions but 
rather enabling and incentivizing institutions to realize their potential 

• Issues with alignment and harmonization are not a major roadblock to cooperation 
Challenges with institutional harmonization across countries to enable effective management 
of their shared resources do not loom large. Pinpointing precise partners within institutions 
may nonetheless need some thought given the location of institutional headquarters within 
countries and need to remain close to focus area at hand: the Shire River and Aquifer. 

• Numerous cooperative frameworks provide a strong context for cooperation At a 
transboundary level, there is an extensive cascade of cooperative frameworks from the 
international level (UN 1997 Watercourse Convention), regional level (2000 SADC Revised 
Protocol), basin level (2004 ZAMCOM Agreement), and local level (2003 Agreement creating 
a Commission). This provides a strong context for countries to scale up cooperation on their 
shared resources. 

 

10. Key Issues 

This assessment points to challenges and opportunities in the shared Shire System The preceding 
sections of the TDA reflect an effort to compile and synthesize information on a set of key areas in the 
transboundary Shire River-Aquifer System. This is believed to be the first assessment of its kind to 
firmly apply hydrologic boundaries – resulting in inclusion of both Malawian and Mozambican portions 
of the system – and thoroughly consider both surface and groundwater. What is clear from this work 
is that while the challenges are substantial, additional tools to better respond to challenges can be 
developed and applied.  
 
Challenges call for systems thinking The challenges in the Shire are no doubt extensive. The 
population of the Shire faces high poverty levels and vulnerability to floods. Climate change may 
increase temperature and intensify rainfall variability. Water quality may decrease due to increased 
economic activity and population. The depth of data that can be used to make informed decisions is 
often variable. This range of challenges brings urgency to identify and implement responses to 
mitigate the danger of deterioration in conditions. That said, ambitions should go beyond avoiding 
deterioration to actually ameliorating conditions. To achieve such an aim, innovative approaches may 
be required. In particular, gains that can be achieved by thinking more broadly about the 
transboundary nature of the system and all water sources in the system, including surface and ground 
water, need to be considered.  
 
Systems thinking: Cross-Cutting Issues across TDA sections The introduction of this report 
acknowledged that the division of the Shire TDA into sections was an effort to structure complexity in 
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order to create an organized write-up. These divisions, while necessary, are nonetheless somewhat 
artificial as all of the core sections of this report - Demography and Socio-economic aspects, Climate, 
Geology and Hydrogeology, Surface Water, Sectoral Water Uses, Land and Water Tenure, and 
Institutions and Governance – are interlinked in some way. To compensate for artificial de-linkages 
imposed by section divisions, some of the major key synergies across sections are highlighted here:  
 
 

• Growing population in developing country contexts has cross-cutting impacts Population 
pressure in resources-constrained contexts can contribute to a range of undesirable 
outcomes. At a broad-level, this can lead to unsustainable practices such as degraded 
landscapes, deforestation, and poor catchment management. Related, given the greater 
population density in Malawi, there is likely greater pressure on Malawi side for water 
development and use. In addition, as population spreads to new areas there may be an 
increased risk of exposure to water-related diseases, further straining public health systems. 

• Growing population and the drive for development may affect water quality Greater 
population density, and the drive for economic development in a resource-constrained 
context, may adversely affect water quality due to increased pollution. In particular, 
population pressure in a context of inadequate sanitation practices may compromise water 
quality and adversely affect human health. The growth of industry inherently increases 
pollution risk from chemical pollutants that may impact the long-term health of communities 
downstream. 

• Population settlement patterns and flooding While the impacts of floods appear to have 
increased over the years, evidence indicates that these impacts may be partially attributable 
to population growth and changing settlement patterns. It is clear that flooding is a major and 
persistent issue in the Shire System with impacts that have increased. While part of this 
increase may be due to the increased severity of floods, two other factors are relevant. First, 
more people may be impacted because there is a larger population. Second, human 
settlements may encroach on floodplain areas and render themselves vulnerable to floods.  

• Climate variability and change underscores low development Climate variability and change 
are already constraining development and are likely to affect development in the future. A 
change in the frequency and severity of extreme events increases the vulnerability of people 
and their livelihoods, as extreme events disrupt infrastructure development, economic 
activity, and threaten human life. Climate change may also exacerbate existing climate 
variability by changing the spatial and temporal distribution of rainfall. This can have a 
significant effect on hydropower development and agricultural productivity, two sectors that 
are intimately connected to the Shire System. Broader correlations have been made a global 
level between climate variability and economic development (Brown and Lall, 2006). Such 
realities are likely present in the Shire.   

• Constrained development context exacerbates climate impacts Unfortunately, there is a two-
way relationship between climate change and development. On the one-hand, climate change 
impacts constrain sustainable development. On the other hand, low human development 
increases the vulnerability of people and ecosystems to the impacts of climate variability and 
change. For example, low development on the Shire leaves the region more vulnerable to 
climate change, as farmers do not have the resources or knowledge to adapt their agricultural 
practices (e.g., irrigation), infrastructure is not built to withstand intense rainfall events, 
ecosystems are degraded and do not provide the natural buffer capacity to lower runoff and 
increase groundwater recharge, and communities do not have the resources to plan for more 
resilient futures. Further, the low development context likely intensifies the impacts of a 
changing climate as the capacity to cope is less (e.g. medical facilities are constrained in their 
capacity to deal with the disease and other impacts which follow flooding, electricity grids are 
offline for more time as maintenance crews are underprepared). 
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• Threats and solutions to surface water challenges may come from the ground Domestic 
wastewater introduces additional organic matter that may cause oxygen depletion, excess 
nutrients that may cause eutrophication, chemicals that may be toxic to the ecosystem, and 
pathogenic bacteria, viruses and parasites that are dangerous to people. In the Shire system, 
rural wastewater comes via diffuse sources including pit latrines and septic tanks. These 
impacts may be fjrst felt on groundwater but may also adversely affect surface water, such as 
biochemical oxygen demand (BOD). On the other hand, floods are primarily a surface water 
challenge yet targeted use of aquifers and groundwater can help mitigate their impacts. 

• The role of women in water development cuts across all sectors Chapter 8.0 highlighted that 
women have an important role to play in land and water tenure; Malawi and Mozambique are 
situated in the matrilineal belt, meaning that traditional inheritance follows the female line. 
As land tenure is formalized and new technologies (e.g., irrigated agriculture, electricity 
expansion) are introduced to these communities, the traditional land tenure rights of women 
may be threatened. This gender dynamic in land tenure has a complex relationship with water 
tenure, as women often maintain their responsibility to provide water to their households and 
to contribute to subsistence agriculture. 

 
Opportunities exist: Knowledge is a key enabler This report has helped lay a basis for identification 
of opportunities for improving water management – now and in the future – in the shared Shire River-
Aquifer System. While elaboration of specific actions or solutions is the central focus of the Strategic 
Action Plan which builds on this TDA, the set of information in this report already provides clear clues 
on key areas that can facilitate improvements in water management in – and maximize the benefits 
derived from – the shared system. Central to elaboration of opportunities is improving the base of 
knowledge, both expanding the depth of data and integrating data from both countries in the system, 
in order to enable clearer understanding of current trends and future potential in the Shire. Trends 
that require greater investigation include points like groundwater levels and cross-border flows. 
Potentials that merit additional investigation include the potential for storage in Shire’s shared 
aquifers and the potential for irrigation development in Mozambican portions of the Shire. 
 
Key Issues Ultimately, consideration of the earlier sections of this report led to preliminary 
identification of five key issues, which can serve as basis of discussion. Provision of feedback on this 
TDA may serve as an important conduit for comment on the suitability of these five issues as well as 
their relative order of importance. These five issues are as follows: 
 

6. Impacts of climate variability and change require urgent responses As already noted in this 
section, there is high inter-annual variability in rainfall in the Shire System. Further, 
temperature is already increasing and rainfall patterns may change. Impacts of existing 
climate variability such as floods are already disastrous. While current approaches to early-
warning and emergency response have no doubt reduced degrees of adverse impacts felt, the 
magnitude of the growing challenge may call for additional tools to be applied.  Given the 
relatively limited amount of flow regulation infrastructure in the Shire System, the potential 
for natural infrastructure – including namely aquifers – to contribute to flood attenuation can 
be considered. Further, given the reality that floods are felt on both sides, coordination in 
efforts to plan and respond to floods may be warranted. 

7. Water quality challenges may benefit from concerted action Several water concerns were 
identified in either surface or groundwater. In surface water, concerns include: low dissolved 
oxygen, sedimentation, and aquatic weeds driven by catchment degradation, unsustainable 
agricultural practices, and nutrient pollution. While data is less extensive on groundwater, 
concerns include: fecal coliforms, total dissolved solids, iodine and salinity. Temporal analysis 
of trends suggests that water quality challenges will increase. Given the connected nature of 
the Shire System, it is likely that water quality challenges – on the surface or in the ground – 
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in one country may be felt in the other particularly in light of the interactions between the 
two water sources. The bottom line is that concerted action is required to ensure water that 
is safe for human consumption and use for other purposes in the Shire System, such as the 
environment. Such concerted action may be enhanced by pursuit of joint approaches. Joint 
assessment is likely to enable more holistic understanding of challenges and joint monitoring 
and planning practices between the two countries could assist in identifying vulnerable areas.   

8. Data gaps should be filled Addressing constraints on data availability that limit complete 
understanding of conditions in the Shire System comprise cost-effective ways to improve 
water management. At least six priority data gaps can be identified: i) trends in groundwater 
levels particularly in shared aquifers, ii) related, rates of groundwater flow between the two 
countries, iii) mapping recharge zones and understanding recharge dynamics, i.e., direct 
rainfall infiltration or infiltration of surface flow, iv) unknown but critical environmental 
resources and ecosystem services, particularly on the Mozambican side of the Shire, iv)  water 
quality parameters for surface and groundwater flow to understand implications for human 
and ecosystem health, and vi) the potential for irrigation expansion on Mozambican portions 
of system.  Several other notable data gaps exist, described earlier in this TDA. Ultimately, 
filling such gaps in a way that enables incorporation of information into decision-making could 
contribute to improved management in the Shire System. 

9. There is potential to harness additional benefits from the Shire System Practical 
opportunities for harnessing the Shire’s water resources for greater benefits exist. Some of 
such opportunities have been clearly identified, reflected in Malawi’s plans for hydropower 
expansion. Others, however, have not been as elaborated. The role and potential for 
groundwater – as a reliable source of drinking water, drought buffer, or flood mitigator – has 
not been fully investigated as reflected in the numerous data gaps specified immediately 
above. Irrigation expansion in Mozambique, overlooked perhaps due remoteness, also 
presents an opportunity. Encompassing the preceding points, coordinated management of 
ground and surface water across borders to enhance water management for all uses, enabling 
water from the ideal source to be applied where and when it is available, constitutes another 
opportunity that can increase benefits produced by the shared system. 

10. Enhanced institutional coordination can improve responses to challenges and help harness 
the Shire’s full potential Responding to climate variability, addressing water quality 
challenges and harnessing potential benefits all require effective institutional frameworks that 
are aligned toward achieving these key objectives. Capacity limitations may nonetheless 
constrain the ability of current national institutions to fully respond to challenges. Further, 
despite a cascading set of overarching transboundary institutional frameworks, the sole 
international agreement fairly aligned with the local geography of the Shire has not been 
implemented. Ultimately, it may be time to consider enhancement of cross-border 
engagement on the Shire to harness the potential of this shared system and better mitigate 
its key risks such as flooding and water quality. 
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Annex 1: TDA Data Request 

Climate data and sources 
Required Data                                                            Data source 

Malawi Mozambique 

Rainfall and temperature time series Department of meteorology and climate 

change 

ARA-Zambezi and 

Metrological services 

Evaporation time series Department of meteorology and climate 

change 

No pan evaporation data in 

the area 

Other metrological parameters such 

as  Relative humidity, sunshine 

hours, solar radiation  

  

Stream flow data Department of water resources ARA-Zambezi 

Past flood and drought occurrence   Department of disaster management 

affairs and department of water resource, 

department of climate  

National institute for 

disaster management 

Geographic location of climate and 

stream flow gauging stations  

  

Climate projection and scenarios   

 
Demography and Socioeconomic Aspects 

Data Requirements Data Source 

Malawi Mozambique 

Population National Statistics National Statistics Institute 

Gender Composition National Statistics National Statistics Institute 

Population Age Structure National Statistics National Statistics Institute 

Education and Literacy Ministry of Education National Statistics Institute 

Human Health Ministry of Health Ministry of Health 

Poverty Status National Statistics National Statistics Institute 

Employment Department of Labour  

Livelihoods SRBMP  

 
Geology, Hydrogeology and Surface Water 

Required Data Data Source 

Malawi Mozambique 

Geological maps (1:250,000 scale) Department of Water Resources National Directive  

Soil maps covering the SARS Department of Surveys (Zione to 

confirm)  

National Directive and Mineral 

Reserve  

Hydrogeological maps  Department of Water Resources ARA-Zambeze  

Council of Geoscience exploratory 

borehole drilling reports and data 

Department of Water Resources n/a 

Council of Geoscience water quality 

sampling data 

Department of Water Resources n/a 

Council of Geoscience Shire River 

Basin Maps (GIS format if possible)  

Department of Water Resources n/a 

Council of Geoscience Shire River 

Basin final report (draft version) 

Department of Water Resources n/a 

Borehole database and associated 

data (e.g. geological profiles) 

Department of Water Resources Local governments of:  

- Mutarara 

- Norrumbala 

- Derre 

- Milange 

Groundwater use and abstraction 

data 

Department of Water Supply, Water 

Boards, NRA, Department of 

Irrigation  

ARA Zambeze  
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Surface Water use and abstraction 

data 

Department of Water Supply, Water 

Boards, NRA, Department of 

Irrigation 

ARA Zambeze 

River flow data (gauging station) Department of Water Resources ARA Zambeze 

Spatial or point rainfall data Department of Water Resources ARA Zambeze 

Discharge data Department of Water Resources ARA Zambeze 

Aquatic weed prevalence reports and 

data 

Department of Fisheries  Ministry of Fisheries, 

Universities, Department of 

Environment  

Groundwater quality (geochemistry) Department of Water Resources Local governments of:  

- Mutarara 

- Norrumbala 

- Derre 

- Milange 

Surface water quality (geochemistry) Department of Water Resources Local governments of:  

- Mutarara 

- Norrumbala 

- Derre 

- Milange 

Groundwater isotope data Department of Water Resources Local governments of:  

- Mutarara 

- Norrumbala 

- Derre 

- Milange 

Surface water isotope data Department of Water Resources Local governments of:  

- Mutarara 

- Norrumbala 

- Derre 

- Milange 

Flooding reports (historical) Surface Water Division, Department 

of Disaster Management, MAZDAP, 

SRBP 

National Directive and ARA-

Zambeze 

Flooding locality data (maps) Surface Water Division, Department 

of Disaster Management, MAZDAP, 

SRBP 

National Directive and ARA-

Zambeze 

Strategic investment/masterplans  for 

the SARS 

Department of Water Resources National Directive  

 
 

Sectoral water uses and sources 
Required Data Data source 

Malawi Mozambique 

Crop and livestock Ministry of Agriculture irrigation 

and water development 

Local government, Ministry of 

agriculture and food security 

Hydropower Ministry of Energy No hydropower, but there may 

be plan 

Domestic water supply and sanitation Department of water supply Director of water and sanitation 

Navigation Ministry of transport Ministry of transport 

Mining Ministry of energy No mining 

Industry Ministry of trade and industry No industry 

Environment and ecosystems Environmental affairs and 

department of fishers  

Ministry of fishery 

Games and parks Department of parks and wild lives  

 
 Land Use and Tenure and Institutions and Governance 

Data Requirements Data Source 

Malawi Mozambique 
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Information on Department of 

international rivers  

Department of Water 

Resources 

National Directorate of Water 

Resources Management 

Information on membership of 

ZAMCOM  

Department of Water 

Resources 

National Directorate of Water 

Resources Management 

Information about Shire navigation and 

EIA   

Department of Water 

Resources 

ARA-Zambeze 

SADC demonstration projects  Department of Water 

Resources 

National Directorate of Water 

Resources Management 

List of licenses and concessions 

allocated in the Shire Basin, divided 

into big users, medium users, and small 

users. Including:  water source 

(groundwater/surface water), type of 

infrastructure, main use, volume of 

water, location. 

Shire Basin Management 

Program/Department of 

Water Resources 

ARA-Zambeze and local district 

governments 

Water users data base and revenue 

records 

Department of Water 

Resources, Southern Region 

Water Board 

ARA-Zambeze 

Plan for rehabilitation and construction 

of gauging stations 

 

Department of Water 

Resources 

ARA-Zambeze 

Business Plan Shire Basin Management 

Program 

ARA-Zambeze 

International Agreements specifically 

the 2003 Malawi-Mozambique 

Agreement 

Department of Water 

Resources 

National Directorate of Water 

Resources Management 

National Water Law Department of Water 

Resources 

National Directorate of Water 

Resources Management 

License Regulations Department of Water 

Resources 

National Directorate of Water 

Resources Management 

Water Policy Department of Water 

Resources 

National Directorate of Water 

Resources Management 

Water Strategy Department of Water 

Resources 

National Directorate of Water 

Resources Management 

Water Supply and Sanitation 
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Annex 2: TDA Consultation Registers 
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Annex 3: Surface Water Quality Values 

Table A-1: Water quality values for surface water sampling from January 2018 SW01 to SW14 

 
Source: (MoAIWD et al., 2018) 

 

 
Figure A-1: Map of surface water monitoring stations from January 2018 (SW01 to SW14) 

   Source: (MoAIWD et al., 2018) 


