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The Role of Water in the Mozambique Economy

– Identifying Vulnerability and Constraints to Growth –
MEMORANDUM

1 Executive Summary

This study is the first stage of a two stage process.  It is limited in scope and has been undertaken to gain a clearer perspective of the conditions which face Mozambique with regards to the development of its water resources and the impact of water resources on the country’s economy. The second stage will be to prepare a Country Water Resources Assistance Strategy which will build on this report.  It was thus the purpose of this study to identify issues which need to be addressed, rather than to make specific recommendations.

Mozambique’s economy is both highly vulnerable and increasingly constrained due to a number of water related factors.  These factors include the natural, highly variable climatic realities of the region, the high level of dependence upon international water resources and the historic underdevelopment of water infrastructure (including limited water storage). Mozambique’s poverty is closely linked to its dependence on rain-fed subsistence farming in the context of highly variable rainfall and frequent droughts.  Growing water demands from the major sectors of the economy, especially agriculture, will not be able to be met by the existing water storage infrastructure which imposes a serious constraint on medium-term and long-term growth prospects.  

The following list summarizes the main factors which this study raises.  Each item is explained in greater detail in the report which follows. 

1. Mozambique has abundant water resources in overall, absolute terms; 

2. The geographic distribution of water resources across the country is uneven with the south being substantially drier than the north; 

3. At a sub-catchment, local level there exists a high degree of water related uncertainty due to the inaccessibility of water in the main streams of larger rivers (the ‘scale’ factor);

4. Watersheds are degrading due to increasing population pressure and poor land-use practices, 

5. There is a high dependence on waters in international river basins (over half of the national water resources are shared with neighboring countries); 

6. The current stock of water infrastructure is degraded and underdeveloped – the current storage in the country is 5% of the annual runoff (excluding the Cahora Bassa Dam which is a single purpose hydropower dam built in a very remote part of the country from which only 10% of the power generated is consumed in Mozambique) – minimum suggested is 40% to provide 50% of annual runoff at 80-90% assurance. Excluding Cahora Bassa, the storage per person is estimated at 330 m3 (South Africa = 746 m3; North America = 6,150 m3)

7. The future needs of water-dependent economic sectors in some river basins cannot be met with the current infrastructure which places a constraint on future economic growth;

8. The climate is highly variable with frequent droughts and floods; 

9. The cost of each major water shock (drought or flood) can be very high [2000 floods: US$ 550 million, 1994 drought loss in agricultural production alone: US$ 86 million], total cost of water shocks in the period 1980-2003 was about US$1.75 billion.  Assuming a 5% annual GDP growth, the total economic costs due to floods and droughts will be approximately US$3 billion between now and 2030 if no mitigation steps are taken (this does not include the cost of constrained growth).  

10. The costs of water shocks to the poor are largely hidden and unaccounted for.  The rural poor, who are largely dependent upon rain-fed subsistence agriculture, are particularly vulnerable to water shocks.

11. Based on events from 1981 – 2004, Mozambique GDP growth is cut by 5.6% on average when a major water shock occurs.  Historically a major disaster occurs once every five years, resulting is an average annual reduction in GDP growth in Mozambique of 1.1% due to the impacts of water shocks.  This figure does not include the loss of potential growth as a result of constraints due to inadequate water infrastructure development, even if there were no floods or droughts.  

12. In 1999, 2000 and 2001 annual expenditures on water resources was US$ 0.32 million, US$ 0.29 million and US$ 0.35 million respectively – this is on average 0.006% of GDP.  

13. There is a limit to the extent to which Mozambique’s problems can be addressed through improving the management of water resources alone without investing in infrastructure.  At this stage of Mozambique’s development, significant returns on investments may be achieved from infrastructure development.  Proper management of water remains important, however, investments without proper management will be ineffective.

14. Investments need to include both large and small scale interventions to support industrial, urban and commercial irrigation development, as well as addressing small-holder agricultural needs.

It must be noted that these matters are not “water problems” – they are grave issues facing the economy of Mozambique as a whole.  They impact on the whole of the country and on the poor in particular.  They are of a magnitude and of an all-encompassing nature that will impinge on and negatively affect the best efforts made in all other sectors.  Investment in water resources infrastructure is the only way in which Mozambique can stop the continuous drain on the economy and the extensive human costs cost caused by recurrent floods and droughts, and the only way to provide reliable sources of water which any economy needs to grow in strength and diversity.

2 Introduction

The dynamics of growth and poverty reduction in any country are a complex interaction of a very large number of different factors and Mozambique is no exception.  This brief Memorandum is the product of a study undertaken by the World Bank to investigate the role of water in the economy of Mozambique as part of the Bank’s ongoing support to the water sector in the country.

The study was undertaken in the context of the Government of Mozambique’s ongoing process of strengthening the country’s water resources management, development and protection.  The study contributes to the development of  the second National Action Plan for the Reduction of Absolute Poverty (PARPA2), the World Bank’s ongoing macro-economic analysis including the preparation of a Country Economic Memorandum and, in particular, the study draws on the work done under the IDA financed National Water Development Project I (NWDPI).

The specific contribution of this study, beyond the work noted above, is to review the role of water resources in the economy as a whole and the long term economic impacts of under investment in water infrastructure.  This adds to the work done in various studies on the financial costs of historical drought and flood events.

The study comprised the preparation of two background papers, one addressing local vulnerability of rural communities to water and the other reviewing the economy wide impacts of water shocks (droughts and floods) and the constraints to growth as a consequence of under investment in water infrastructure.  The process also included a Seminar held in Maputo on February 24, 2005 to discuss the background papers.  

This study is Phase I of a process which will include, as Phase II, the preparation of a Country Water Resources Assistance Strategy for Mozambique which will refine the analysis prepared in this report.

2.1 Objectives

The objective of the study is:- 

1. To better understand the impacts of water resources on the economy of Mozambique; 

2. To provide initial guidance to the Government of Mozambique on addressing the issues raised by the analysis, to be followed in greater detail by the preparation of a Country Water Resources Assistance Strategy.

These objectives will be achieved by undertaking :

1. A review of the impacts of both water shocks (droughts and floods) and constraints on growth and poverty reduction caused by under-investment in water resources infrastructure;

2. An assessment of the impacts at the macro / economy wide level. Impacts at the micro level, particularly related to impact on the rural poor, were also studied.

2.2 Scope of study

The issues which the study addresses are as follows:-

a) the natural characteristics of Mozambique’s water resources, including uneven geographic distribution of water resources, localized seasonal water shortages, highly variable climate, and high dependency on shared international river basins; 

b) the linkages between the main economic sectors to water resources and water-related constraints for the development of these sectors;  

c) the assessment of impacts of climate variability on  the country’s macroeconomic performance and poverty reduction; 

d) the impacts on the rural poor of climate variability and access to water, and the coping strategies employed to mitigate the threats at household level;

e) the role of water infrastructure in mitigating the impacts of water vulnerability. 

2.3 Constraints of study

It was not the intention of this analysis to identify specific investment opportunities for the development of water resources infrastructure in Mozambique.  This was primarily due to the limited resources available for the study.  The study was also constrained by limitations in available information.  The quantitative analysis is partial and the methodology used adopts a mixture of quantitative and qualitative methods largely determined by availability of macro-economic, agricultural, meteorological and hydrological data. 

3 Background and context

3.1 Water resource overview

3.1.1 General description

The water resources situation in Mozambique compares well with the rest of the world in absolute terms. The availability per capita of surface water resources is about 5550 m3/year (for runoff generated within the country) or 12000 m3/year (including cross-border flows). 

The majority of the rivers have a torrential regime, with high flows during 3-4 months and low flows for the remainder of the year which means that without storage these resources cannot be used. The country has 104 main river basins, out which 50 have a catchment area less than 1,000 km2, 40 are with an area between 1,000 and 10,000km2, 12 between 10,000 and 100,000 km2, and 2 basins (Zambezi and Rovuma) have catchment areas in excess of 100,000 km2.  The most important river basins, from South to North, are: Maputo, Umbeluzi, Incomati, Limpopo, Save, Buzi, Pungoe, Zambezi, Licungo, Lurio, Messalo and Rovuma (Figure 1).  With the exception of the Licungo, Lurio and Messalo, all major basins are shared with other countries.  

The Zambezi basin is shared by a total of 8 countries.  Mozambique has abundant surface water resources in terms of total mean annual runoff estimated at 216 km3/year.  The total inflow at the border is about 116 km3/year while the runoff generated within the country is about 100 km3/year, in average.  Therefore, more than 50% of the total mean annual flow is generated outside of the country. The Zambezi basin represents about 50% of the country’s total mean annual runoff and 75% of the total cross-border inflow: the basin receives 88 km3/year of inflow at the border and 18 km3/year of the basin’s runoff is generated within the country, giving a total mean annual runoff  of 106 km3/year. Groundwater resources in Mozambique are relatively modest.

3.1.2 Water Resources Variability

Mozambique has a highly variable climate which has a significant influence on the amount, timing, and frequency of precipitation events. Rainfall varies considerably within annual cycles with 60-80% of the annual precipitation falling in the period from December to March. The annual average rainfall ranges from over 2000 mm in Northern Mozambique to about 500 mm in the South.  The variability of rainfall from year to year is also much higher in the South than in the Northern and Center regions of Mozambique with almost no flow observed in some rivers in dry years in the South.  

On average Mozambique has ample water resources - if an overall water balance of each basin is evaluated, nearly all basins would show a significant surplus of annual total runoff compared to any foreseeable water demand. However, within these aggregates, serious water shortages occur during dry seasons in a number of basins, especially in the South. The minimum monthly flow is 1-2% of the annual runoff for many rivers.  Without larger and small scale water storage infrastructure, these resources cannot be used to meet the demands.

Tropical cyclones and the El Nino/La Nina phenomenon compound the variability resulting in extreme floods and droughts such as the floods of 2000 in the South and 2001 in the Center of the country. However, floods and droughts are frequent in Mozambique, occurring cyclically with varying intensity. More localized droughts are observed every 3-4 years and are often not well recorded. According to the National Meteorology Institute, INAM, the intervals between extreme rainfall events are shortening, while the intensity of rainfall in these events is increasing. The years of major floods in Mozambique over the last 25 years are 1977-1978, 1985, 1988, 2000-2001, and of major droughts – 1981-1984, 1991-1992, 1994-1995, 2002-2003.  It is predicted that these conditions will be exacerbated by climate change. 


[image: image1]
3.1.3 International rivers

Mozambique is a downstream riparian state on all nine of its major rivers, with about 54% of the total annual runoff generated outside of the country. The high dependence of Mozambique on shared water resources is an important factor in the national water vulnerability. In the South, all major rivers (Maputo, Umbeluzi, Inkomati, Limpopo and Save) originate in neighboring countries.  Significant water abstraction from these rivers in the upstream countries, along with high flow variability, reduces water availability in these basins and increases water vulnerability of the Southern region. The combined average natural flow in the four basins
 is about 11 km3/year – this is predicted to reduce to about 5 to 6 km3/year over the next 20 years, and be more variable in future, due to growing demand on the resources from riparian neighbors.

Mozambique is very active in a number of joint processes with riparian countries to ensure that its interests and concerns are addressed.  The management of river basins and reservoirs upstream of its territory has direct impact on its own risks, particularly related to floods.

3.2 Socio-Economic Development Context

Mozambique has made significant socio-economic progress since the peace agreement in 1992. The transformation of Mozambique’s economy in recent years due to increased political stability, introduction of a multiparty democracy, deep economic reforms and strong external financial and technical support has been impressive.  Real output annual growth has averaged about 9% between 1995-2001. In real GDP per capita terms, GDP has grown by 7.5% over the five years since 1996.  

Despite these achievements, Mozambique remains one of the poorest and most indebted countries in the world, suffering from acute internal and external imbalances, and it continues to be heavily dependent on foreign assistance for the delivery of basic social services. Per capita income in Mozambique, at US$210 in 2003, was below the average for sub-Saharan Africa (US$500) and the low income group (US$410). Subsistence agriculture continues to employ the vast majority of the country's workforce.  The incidence of poverty in the rural areas is 71.3% compared to 62% in the urban areas
. The Human Development Index, an index of income, education and life expectancy, ranked Mozambique 170 out of 173 countries.  

Thus, the Government of Mozambique is facing the challenge of sustaining very rapid economic growth while reducing the levels of absolute poverty. The overall national development objectives and the Government’s strategy for addressing the development and poverty issues over the medium term are set out in the “National Action Plan for the Reduction of Absolute Poverty (PARPA)”. The overall objective of the PARPA is to reduce poverty by about 30% over thirteen years, from 70% in 1997 to below 60% in 2005 and 50% by 2010. 

The PARPA stresses that economic growth over the next 5-10 years must be rapid and pro-poor, and the strategy is based on an average annual growth rate of 8% for the period 2001-2010.  The main sources of growth include production from identified large-scale, capital intensive projects (“megaprojects”), productivity and value-added gains in agriculture and small manufacturing, combined with encouraging labor-intensive, private sector-led manufacturing and service activities.  The PARPA recommends focusing on agriculture and removing impediments to private sector development, while redirecting public spending toward sectors with the highest potential for reducing poverty, such as education, health, and basic infrastructure (roads and water supply). 

Strong economic growth in agriculture is the most important factor driving poverty reduction.  The PARPA’s strategy assumes average growth of 8 % p.a. in agriculture, based on expansion in cash crops and increased production of food crops. 

Attainment of these ambitious growth objectives requires a clear identification of risks and constraints that need to be carefully monitored. These risks undoubtedly include high climatic and associated hydrological variability. The IMF and IDA’s Joint Staff Assessment of the PARPA
 indicates specifically that the risk of periodic natural shocks may constrain the actual growth in output. There is growing evidence of a negative correlation between rainfall variability and real total GDP and agricultural GDP growth. Growing competing water demands from the major sectors of the economy, and specifically, agriculture, may also impose a serious constraint on the medium- and long-term growth prospects in terms of water availability in some river basins. 

3.3 Role of water in key sectors

Most of the sectors which contribute to and make up the Mozambican economy are either directly dependent upon secure, sustainable water availability or are indirectly effected by water shocks (droughts or floods).

Mozambique has a US$4.3 billion economy. Agriculture produces approximately 22% of the GDP, industry (including manufacturing) produces about 33%, and services produce about 45%.  All these sectors are dependent on an adequate supply of water.  Agriculture (including irrigation, livestock and forestry) uses about 73% of the total water consumption, with industries using about 2% (Table 4.1). This indicates that about 75% of the water use in the country has a direct impact on economic production. Urban and rural domestic water supply uses most of the remainder (about 25% of the total water consumption) and has a direct impact on the service industries and public health.

Further analysis is needed of water demand and future trends, particularly related to the ‘mega-projects’ and their water needs.  This will be undertaken in the Country Water Resources Assistance Strategy which will be formulated based on this Memorandum.

Table 1.  Composition of Total Consumptive Water Use in Mozambique by Sector and by Region (million m3) – 2003

	Region
	Domestic Water Supply
	Industrial Water Supply
	Irrigation
	Livestock
	Forestry
	TOTAL

	South
	128
	15
	202
	
	
	345 

	Center
	89
	4
	206
	66
	29
	394 

	North
	73
	19
	230
	90
	
	393 

	TOTAL
	290 (25.6%)
	19 (1.7%)
	638 (56.4%)
	156 (13.8%)
	29 (2.5%)
	1132


Data Source: NWDP1, BB5 Phase 1 Report: Black&Veitch International, August 2004

3.3.1 Agriculture

Mozambique’s poverty is closely linked to its dependence on rain-fed subsistence farming in the context of highly variable rainfall and frequent droughts. Within the framework of increasing agricultural output and reducing poverty, the PARPA and PROAGRI as the PARPA’s implementation basis, emphasize the need to increase agricultural productivity, improve access to land and secure land tenure, and facilitate rural trade.   About 45% of the country is considered suitable for agriculture, however, only 4 % of the total arable land is presently cultivated. In 2001 the agricultural sector’s share in total GDP was 22%
.  Between 1987 and 1999 value added in the agriculture, livestock, and fisheries sectors grew at an average annual rate of more than 6 percent, accelerating to nearly 9 percent after 1996.

Broadly, there are two levels of agricultural activity, subsistence farming and commercial farming with a mixture of subsistence and cash cropping between the two levels.

Irrigation

The total cultivable area in Mozambique is estimated at 36 million ha (45% of the total area), and the irrigation potential is 2.7 million ha.  Over 50% of this potential is located in the Zambezi basin, which represents 7% of the cultivable land. The existing irrigation schemes cover 120,000 ha, of which only an estimated 41,000 ha is currently operational.  Close to 50% falls in the category of small-scale “family” irrigation; the remaining 50% is under private management.  The main irrigation crops are rice, sugar cane, maize and citrus.

Irrigation in Mozambique can be categorized into three types; 

· the large-scale irrigation schemes of the Limpopo Valley and the private sugar companies; 

· small-scale irrigation, generally covering less than 100 ha; and 

· micro-irrigation, usually based on treadle pumps and other manual methods.   

The present situation and planned developments for each of these categories can be summarized as follows:

· Large-scale public irrigation schemes: The largest are the Chokwe Scheme (22,000 ha), run by HICEP (Chokwe Public Irrigation Enterprise), and the Xai-Xai Scheme (9,323 ha net, of which some 2000-3,000 ha formerly had pumped irrigation), in the Limpopo Valley.  A major rehabilitation programme for Chokwe has been under way for some years and is scheduled to continue until 2006/07.  Xai-Xai is to be rehabilitated under the ADB-funded Massingir Dam and Smallholder Agricultural Rehabilitation (MDSAR) Project.  At present only some 4-5,000 ha of Chokwe is in operation and there is no public irrigation in operation at Xai-Xai.  

· Small-scale irrigation: The five year ADB-funded Small-scale Irrigation Project (SSIP) started in 2002 and is expected to develop some 2,500 ha on about 650 schemes in Maputo, Sofala and Zambezia provinces. Total estimated cost is US$20 million. An Action Plan for SSI scheme rehabilitation in five other provinces and Zambezia also began in 2002.  
· Unlike the two categories above, micro-irrigation is a purely farmer-run activity. Based typically on treadle pumps and other low-cost technologies, it is used particularly for dry season vegetable production.  
Irrigation in Mozambique has an efficiency of only about 45%.  Under these conditions, the water demand for irrigation is currently estimated at around 600 million m3/year (Table 2).  The Government intends to double the current irrigated area in the medium term, which would be mainly achieved through rehabilitation of the existing irrigation schemes, using public and private funding.  Assuming that irrigation water use efficiency will increase by 30% over the next 10 years, the projected irrigation water demand in the medium term is estimated to be close to 1000 million m3/year (Table 2).  

Table 2.  Present (2003) and Projected (2015) Irrigated Area and Irrigation Water

	River Basin
	Irrigated Area (ha)
	Water Demand (Mm3/year)

	
	Present 2003
	Projected 2015
	Present 2003
	Projected 2015

	  Umbeluzi
	850
	4000
	13
	60

	  Inkomati
	10340
	23900
	155
	251

	  Limpopo
	4000
	20000
	60
	210

	Total South
	15190
	47900
	228
	521

	  Buzi
	0
	6100
	0
	90

	  Pungoe
	7420
	10620
	111
	160

	  Zambeze
	7880
	10500
	95
	126

	Total Center
	15370
	27220
	206
	376

	   Ligonha
	4500
	7470
	67
	78

	   Messalo
	0
	0
	0
	0

	Total North
	11860
	17990
	178
	189

	   Lichinga
	7360
	10520
	110
	110

	TOTAL
	42420
	93110
	636
	918


Livestock 

Livestock is of less importance than in neighboring countries and cattle numbers, in particular, fell drastically during the civil war.  In the early 1970s the cattle population was about 1.4 million head, double the 0.72 million head recorded in the 1999/00 Census.  The much larger goat population (5.05 million) is more evenly distributed.  From the viewpoint of water resources, at present the demand for water for livestock production is not significant, although some modest increase in the demand can be foreseen in the medium term.  

Forestry

There are about 62 million hectares of natural forest in Mozambique, corresponding to 78% of the national territory.  This includes forests of varying composition, density and volume.  Some 5 million ha of Mozambique’s land area is classified as dense forest and 15 million ha as open forest (i.e. miombo woodland).  There are also some 0.4 million ha of coastal mangroves.  Forest production is based almost entirely on the natural forest, the area of plantation forestry being negligible.  In addition to widespread exploitation for domestic wood fuel, commercial timber production is of considerable economic importance.  

3.3.2 Hydropower

Hydropower generation is one of the most important non-consumptive water users in Mozambique. Mozambique has one of the lowest electrification rates in Southern Africa (approximately 5%).  However, the gross national electricity consumption has increased substantially as several mega projects have been implemented. The construction of a new aluminum smelter, Mozal, has increased the national energy consumption three fold since 2002. However, the domestic electricity consumption still remains very low at 78kWh per capita (in South Africa it is 3,745kWh per capita).  Only 200,000 households are connected to the electricity network (Electricidade de Mocambique (EdM – the State power utility), Annual Statistical Report, 2002). 

The country has four major hydropower stations at the Cahora Bassa, Chicamba, Mavuzi and Corumana dams for the production of electricity (Table 3). Actual power demand is about 240 MW (2002), with an annual energy consumption of 1300 GWh. 80% of the current energy production in Mozambique comes from the Cahora Bassa hydropower plant (HCB) with an installed capacity of 2075MW, most of which is exported.  In the coming years EdM expects to cover the demand growth from additional power allocation from the HCB and with the surplus still to be exported to South Africa, Zimbabwe and Malawi.

Table 3.  Existing Hydropower Stations

	Hydropower Stations
	Power (MW)
	Turbine
	Location

	
	
	Head (m)
	Discharge (m3/sec)
	Province
	River Basin

	Cahora Bassa
	2075
	120
	2000
	Tete
	Zambeze

	Chicamba Real
	34
	50
	60
	Manica
	Buzi

	Mavuzi
	48
	160
	23
	Manica
	Buzi

	Corumana
	16.6
	36
	25
	Maputo
	Incomati


Source: Water Resources of Mozambique, DNA, 1999

Potential hydropower generation in Mozambique is quite large. According to EDM, about 13000 MW, producing 65000 GWh/y of energy, can be economically developed in Mozambique. About 70% of this potential (10000 MW, 45000 GWh/y) is concentrated in the Zambezi watershed, and most of it on the Zambezi river. 

3.3.3 Urban and Rural Water Supply 

Figures for the levels of water supply services to rural and urban populations differ depending on how they are measured - the PARPA indicates that approximately 40% of the rural population and 44% of the urban population have access to an adequate water supply.  These include only official schemes and do not count informal vending, illegal connections, etc.  According to the household surveys (IAFs), access to clean water in rural areas was raised from 12 percent in 1996/7 to 27 percent in 2002/3, and in urban areas from 56 percent in 1996/7 to 64 percent in 2002/3.  These sets of numbers are not necessarily in contradiction; they measure different parameters.  Currently, production capacity of water supply systems for the 13 main cities, with a total about 4 million inhabitants, is about 250,000 m3/day  (or a total production of about 80 Mm3/year).  About 75% of this production is serving the Maputo area, with a consumption of about 50Mm3/year (mainly from the Umbeluzi river, regulated by the Pequenos Libombos dam)
.  Most of the urban water supply relies on provision of surface water. Only five main cities – Pemba, Tete, Xai-Xai, Quelimane and Chokwe – rely on groundwater supply. 

The provision of safe and reliable domestic water supply to the urban and rural population is one of the Government’s main development priorities.  It is estimated that urban drinking water demand, with increased per capita availability, reduced losses, projected increase in the urban population and increased coverage in the service, may reach about 250 hm3/year in total by 2015
. In most cases, the water production increase can be obtained from small local intakes or reservoirs. However, in case of Maputo and Beira, the increase in water supply is likely to require larger scale infrastructure solutions. This may include, in case of improving water supply to Maputo, the construction of Moamba Major dam on the Incomati river, and, in case of water supply to Beira, the construction of the Bue Maria dam on the Pungue river, which would also provide water to the planned irrigation expansion in the downstream. 
3.3.4 Industry 

Mozambique has three “mega-projects” – the Mozal aluminum smelter, the Cahora Bassa hydroelectric plant and Sasol gas – and several more are planed for implementation in the period to 2010.  The mega-projects are intended to boost economic activity, raise manufacturing outputs, improve the trade balance, as well as increase government revenue.  The completed mega-projects are major contributors to exports providing currently about 50% of overall exports, and it is estimated to increase to 80% by 2010.  The manufacturing sector remains a small part of the economy.  Food and beverages constitute over 38% of the manufacturing production, with the aluminum production of Mozal accounting for the remaining 23%.  Such manufacturing sub-sectors as textiles, garments, and footwear have not grown significantly in the face of increasing international competition. 

Mozambican industries are concentrated in the country’s major cities – Maputo, Matola, Beira and Nampula, and their water supply almost exclusively relies on the existing urban water supply systems. No accurate information is available on water consumption by industries, however as the country pursues its industrialization policy, it is expected that there will be increased demand for water to meet the production requirements. For Maputo the current consumption is estimated in the order of 10,000m3/day.  It is expected that this water consumption will double in the short term with construction of new planned industries such as Mozal 3 and the MISP (Maputo Iron and Steel factory). Currently, Mozal uses 50,000 m3 of water per month and has requested a guarantee supply of up to 75,000 m3/month in the future to meet the needs of the extended Mozal 3 project.  Provision of high value water for industry should be a high priority which requires further analysis.
3.3.5 Mining

The PARPA notes that the mining sector has a considerable development potential, specifically, in raising incomes amongst poor segments of the population.  However, the sector has received a limited development in the post-war period. The major coalmine at Moatize stopped production during the war but may be reopened shortly with assistance from foreign investments. Mining accounted for only 0.2% of GDP in 1999.  Natural gas resources are currently being developed in the south of the country.  The construction phase of a gas pipeline between the Pande and Temane gas field in the southern Inhambane province and Secunda in South African began in May 2002.  The pipeline will supply gas to the large South African market.   There is no information available regarding the demand for water from the mining and minerals sector. It is expected that the demand will grow with the revitalizing of the sector, particularly in exploration of marble at Montepuez and gold in Manica and Niassa provinces, and reopening of the Moatize coalmines in the Tete province. Water is an important input in both manufacturing and industrial processes.  In addition to ensuring adequate supply of water for manufacturing and industrial processes, it is essential that industrial and manufacturing effluent does not pollute the country’s water resources. 
3.3.6 Environmental Use of Water

The environment uses water to sustain river health and ecological functions. In order to preserve an acceptable balance within a specific watercourse, it is necessary to ensure that an adequate ecological reserve is maintained in the river basin – the reserve refers to both the quantity and quality of water in the river. The ecological reserve of water ensures the ecological integrity of rivers, estuaries, wetlands and groundwater resources. Water allocated to the environment (and to some extent to hydropower) is also used for recreational activities. Recreational use of water in Mozambique is expected to increase due to the Government’s policy on development of tourism industries. In Mozambique, there are currently 34 nature conservation and protection areas, covering more than 10% of the country’s total area. These biodiversity rich areas are under threat from unsustainable use of natural resources, including water resources. The environmental requirements for water, in quantitative and qualitative terms, need to be developed for each river basin in Mozambique and the environmental reserve needs to be protected.    

3.4 Government Water Infrastructure Development Strategy
The Department of Water Affairs (DNA) of the Ministry of Public Works and Housing is in the process of developing a National Water Resources Management Strategy (as a component of the IDA financed National Water Development Project I). A recent draft report
 defines priorities for the development of water infrastructure and management which are designed to meet the development needs of the various sectors.  It must be noted that these plans are tentative and have not been adopted by the Government at the time of writing.  The plans have also not been assessed in detail by the World Bank – they are used for indicative purposes only.  Key elements of the proposed WRM Strategy include the construction of dams and reservoirs in all regions to provide secure sources to urban centers and rural needs including irrigation; the development of hydropower and flood control.  The costs of the proposed public investments in water management and infrastructure are summarized in Table 4:

Table 4. Proposed Public Investments in Water management Infrastructure (2005-20025)

	Type of Investments/Activities
	Location
	Completion 
	Est. Costs 

(US$ m)

	Flood Protection
	
	
	

	Dykes construction  and rehabilitation
	Xai-Xai, Chokwe, Save and Buzi basins
	By 2015
	200

	Early Warning System
	
	By 2015
	50

	Studies on operational rules of existing reservoirs
	
	By 2015
	20

	Total
	
	
	270

	Irrigation Rehabilitation 
	South region
	By 2015
	100

	Small Irrigation developments
	Center, North
	By 2015
	20

	Hydropower development
	Zambezi
	By 2015
	50

	Basin Master Plans
	Incomati, Maputo, Zambezi, Pungwe, Buzi
	By 2015
	9

	Inventory of existing hydraulic structures
	
	2008
	4

	Dams and Transfer works
	
	
	

	Moamba Major dam and pipeline
	Incomati River
	
	265

	Bue Maria Dam
	Pungwe river
	By 2015
	150

	Third large dam (possibly Mapai)
	Limpopo (possibly)
	2015-2025
	150

	Medium size dams for irrigation 
	Center, North
	By 2015
	30

	
	
	2015-2025
	15

	Total
	
	
	610

	TOTAL
	
	By 2025
	1063 

	
	
	By 2015
	899


Data Source: NWDP1, BB4 Phase 2 report. COBA/Consultec, 2004 

3.5 Water Sector in the National Budget

The PARPA clearly acknowledges the importance of water infrastructure development as an essential factor for the rapid expansion of economic activities, and thus for the reduction of poverty. The Water Programme of the PARPA identifies such priority areas in water resources management as sustainable use of water and construction of new small and medium size dams; building infrastructure for irrigation and development of water management schemes with additional water storage facilities to mitigate the negative impacts of droughts and floods. However, the water resources management sector remains chronically underfinanced and continues receiving low priority in the government spending program. 
Total water sector public expenditure was some US$15.1 million in 1999, almost doubling to US$28.1 million in 2000 and then falling back to US$24.3 million in 2001 (Table 5)
.  On average, this was equivalent to some 0.6% of GDP and was mostly provided by donors.  The level of Government funding remained fairly constant, at between US$4.2 million and US$4.7 million.

In 2001 water sector expenditures represented 2.5% of the government investment budget (excluding donor funds). Total sector spending rose considerably because donor financing increased significantly in response to flooding.  Even at its height, though, spending never reached the annual levels of between $85 and $108 million planned in the revised PARPA budget for 2002-04. Government expenditures in other PARPA priority sectors were much higher in the same year: the spending for roads amounted to 19.7%, for education 12.8%, and for health 10.6%.  The water supply and sanitation sub-sector accounted for almost all expenditures in the water sector in 2001.  In 1999, 2000 and 2001 annual expenditures on the water resources sub-sector accounted for only 2.1%, 1% and 1.45% respectively of the total spending in the water sector (including donor financing).  

Table 5.  Government and Donor Expenditure in the Water Sector, 1999-2001

	Type of Expenditure (U.S. $ millions)
	1999
	2000
	2001

	Government Recurrent
	$1.90
	$1.77
	$1.91

	Government Capital
	2.80
	2.43
	2.73

	Government Total
	4.70
	4.20
	4.65

	Donors
	10.40
	23.88
	19.68

	Total
	15.10
	28.08
	24.33

	Govt. as % of Total Sector
	31%
	15%
	19%

	Water Supply and Sanitation as % of Total Sector 
	90%
	97%
	83%

	Water Resources Sector:
	
	
	

	Government Recurrent
	0.282
	0.269
	0.321

	Government Capital
	0.038
	0.023
	0.029

	Government Total
	0.319
	0.292
	0.350


Notes:  Government expenditures under the national investment budget only.  Donor expenditures as reported to the Ministry of Planning and Finance (may therefore be incomplete).  “Recurrent” refers to costs and materials for project staff.  Exchange Rates Meticais=USD 1 as follows: MT12,691 (1999), MT15,689 (2000), MT20,707 (2001)

Source: Adopted from Finney, Kleemeier. Background Paper for Mozambique PER, World Bank, 2003

In late 2001 the DNA proposed a revised PARPA budget for the period of 2002-2004 (Table 6). The revised budget gave substantially less priority to rural and urban water supply, and almost doubled the amount allocated to water resources. However, it must be noted that the PARPA figures are what the water sector would like to have by way of allocation – not what they actually received.  The proposed budget significantly exceeds the level of funding provided for in the General State Budget for 2002-2006 which allocated only about USD20 million for the entire water sector (including donor funding). 

Table 6.
Revised PARPA Water Program Budget, 2002-04

	Sub-sector
	US$ millions
	Percent

	
	2002
	2003
	2004
	Total
	

	Rural water supply
	13.7
	14.9
	16.5
	45.1
	16.0

	Urban water supply
	36.0
	36.3
	35.0
	107.3
	38.2

	Sanitation
	2.5
	2.6
	2.7
	7.8
	2.8

	Water resources
	30.4
	32.1
	52.6
	115.0
	40.9

	Institutional development
	2.4
	2.2
	1.4
	6.0
	2.1

	Total
	85.0
	88.1
	108.1
	281.2
	100.0


Source: Finney, Kleemeier. Background Paper for Mozambique PER, World Bank, 2003

4 Water related impacts
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Introduction

The background information provided above is substantial although insufficient for a detailed quantitative analysis.  Notwithstanding this, there are a number of points which are self evident to most observers with even a basic knowledge of Mozambique.  The objective of this study is to clarify the linkages between water, the economy and poverty.   This section examines the consequences of the climatic and hydro-geographical circumstances of Mozambique in relation to the demands of a developing economy and the requirements to reduce poverty.  The issues addressed are:- 

i. the determination of water yields at different scales, 

ii. the current under-development of water infrastructure, 

iii. the impact of water shocks, 

iv. the hidden costs to the rural poor, 

v. a provisional economic analysis of investments planned by the Government and water resources development, and 

vi. management and protection options.

4.2 Determining water yields at different scales

[image: image6.wmf] 

As has been stated previously in this report, Mozambique has substantial water resources, however these resources vary across the country (wet north – dry south), vary significantly from season to season and vary from year to year with occasional extreme events of floods and droughts.  If an overall water balance of each basin is evaluated, nearly all basins would show a significant surplus of annual total runoff compared to any foreseeable water demand. However, within these aggregates and in the absence of adequate storage, serious water shortages occur during dry seasons in a number of basins, particularly in the South. Water shortages in Mozambique are localized and highly seasonal. The minimum monthly flow is 1-2% of the annual runoff for many rivers. Because of this variability and very limited infrastructure, only a fraction of total runoff can be utilized. High variability means that the amount of usable and available water resources depends heavily on the development of storage and diversion infrastructure. For example, a study undertaken under the NWDP1
 suggests that, at present level of water infrastructure development, safe yields in the most water-vulnerable South constitute about 17% of the total runoff in the Limpopo, 35% - in the Maputo and Incomati, and 49% - in the Umbeluzi.  Looking to the future, economic development pressure is likely to make the problem of seasonal water shortages even more critical.

As demonstrated in Table 7, the projected water demand in the economically most developed South and the Center of the country would lead to negative water balances in such river basins as the Umbeluzi, Limpopo and Buzi, given the present level of water infrastructure development in these basins. To satisfy the future water needs to support the envisaged economic growth and sectoral development, safe water yields in the potentially water scarce river basins will need to be increased which can only be achieved be providing storage.  

It must be noted that the figures in Table 7 are at basin scale.  At sub-basin level the situation is substantially different.  For example, although the situation in the Zambezi River Basin would appear at basin level to have more than adequate water resources (supply substantially exceeds demand) this only applies to the main stream of the river.  The Zambezi River Basin occupies a very large area of the country, much of which for all practical purposes does not have access to the main stream of the river.  Therefore, in all basins (but particularly in the dryer central and southern regions of the country) the bulk river basin scale water yield figures present an overly optimistic picture.  The smaller the catchment, the greater the vulnerability to localized rainfall variability.  This is particularly important when considering safe yields of water to small scale agriculture and the rural poor. 
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4.3 Under-development of water infrastructure

As noted above, amongst the very limited options to increase the safe yield of water resources is the development of infrastructure to store and / or transfer water.  At present, despite the high vulnerability of Mozambique to frequent droughts and floods, the storage capacity in the country remains underdeveloped (as does other flood control and drought management water infrastructure).  Mozambique has 12 major dams with a total capacity of about 3457 m3 per capita, including the Cahora Bassa storage. Excluding the Cahora Bassa Lake, which accounts for more than 90% of the country’s storage capacity, the storage capacity per capita in Mozambique is only 330 m3, placing Mozambique among the Southern African countries with least developed water infrastructure.  The total useful storage capacity represents 21% of the mean annual flow of the country’s rivers (including Cahora Bassa).  If the Cahora Bassa is excluded, the remaining 5800 Mm3 of useful capacity represents only 5% of the mean annual runoff of the country’s rivers, excluding the Zambezi.  In general, storage capacity of 10-40% of the mean annual runoff is necessary to utilize 50% of the mean annual flow, with 80-90% reliability.

The Cahora Bassa dam was constructed for a single purpose – the generation of hydropower at a remote location on the Zambezi, and its operational rules do not allow its storage capacity to be used for effectively mitigating water shocks.  To convert this dam into a multi-purpose reservoir to be used for seasonal water supply, etc. would be costly because of the remoteness of the site. The use of the dam for the mitigation of floods in the Zambezi valley needs serious investigation and would be in conflict with its current primary purpose of hydropower generation.  Future water storage infrastructure should be developed as multipurpose facilities in the basin-wide context. Despite the driving force for power, the need for flood control, salinity repulsion, development of irrigation, and environmental requirements favors multipurpose reservoir development.  

4.4 Costs of water shocks

The consequences of the climatic realities which exist in Mozambique, as described in Section 3.1.2 - Water Resources Variability, are frequent and recurrent water shocks in the form of floods and droughts.  Each such event has considerable direct and indirect costs to the country.  These have been determined in a variety of studies – one of the primary objectives of this study, however, is to examine the economic impacts and consequences of these shocks. 

Table 8. Major “ Water Shock” Events in Mozambique since 1980

	Year
	Type of Event
	Details

	2002-2003
	Drought
	43 districts affected in South and Central provinces 

	2001
	Floods
	Zambezi river; 115 deaths; 500,000 people affected

	2000
	Floods
	Limpopo, Maputo, Umbeluzi, Incomati Buzi and Save river basins, caused by record rainfall and 3 cyclones; 700 deaths, 2 million people affected

	1999
	Floods
	Floods in Sofala and Inhambane provinces; highest rainfall level in 37 years; EN1 major country highway shut for 2 weeks; 100 deaths; 70,000 people affected

	1997
	Floods
	Floods on Buzi, Pungue and Zambezi rivers; no road traffic to Zimbabwe for 2 weeks, 78 deaths; 300,000 people affected

	1996
	Floods
	Floods on all southern rivers of the country; 200,000 people affected

	1994-1995
	Drought
	1.5 million people affected in South and Central parts of Mozambique. Cholera epidemic.

	1991-1992
	Drought
	Whole country affected. 1.32 million people severely affected. Major crop failure. 

	1987
	Drought
	8000 people affected in Inhambane province.

	1985
	Floods
	Floods in Southern provinces; 9 rivers floods; worst flooding in 50 years followed by 4 years of drought; 0.5 million people affected

	1983-1984
	Drought
	Most of country affected. Cholera epidemic and many deaths from drought and war. 

	1981-1983
	Drought
	2.46 million people affected in South and Central parts of Mozambique.

	1981
	Floods
	Floods on Limpopo river; 0.5 million people affected

	1980
	Drought
	Southern and Central parts of Mozambique affected


Sources: INAM; Atlas for Disaster Preparedness and Response in the Limpopo Basin, INGC, UEM-Department of Geography and FEWS NET MIND, 2003

4.4.1 Flood costs

The costs of floods can be categorized as follows:-

· Direct costs of physical damage to capital assets and inventories, valued at same-standard replacement costs (i.e. the costs for restoring assets to the standard that existed before).

· Indirect costs of output losses and foregone earnings referred to as ‘flow effects’.

· Relief costs including (i) the provision of life-supporting services (e.g. food aid, health care, safe water and sanitation) to populations whose access to these services has been lost as a result of the disaster and (ii) assistance to these populations to enable them to resume sustainable livelihoods.

· Reconstruction costs of rebuilding damaged infrastructure to standards optimally designed to reduce vulnerability and risk of loss due to future potential disasters (i.e. the costs for rebuilding to a standard that optimally responds to local conditions, including the risk of natural disaster).

The costs of the 2000 floods were estimated as USD550 million including the direct, indirect, and disaster relief costs.  

4.4.2 Drought costs 

Hydrological drought refers to the deficit in the runoff of rivers. The impacts of significant deficits in the total annual runoff may include reduction in hydropower production and negative affects on irrigation relying on reservoirs and surface water.  Hydrological droughts also affect urban water supply. This was particularly felt in the city of Maputo, in the beginning of the 1980s, before the construction of the Pequenos Libombos Dam, and very acutely in Beira and Chimoio in 1991-92. Examples of impacts of hydrological droughts are given in Table 8. 

Drought risks are a major concern for agriculture in the southern provinces of Inhambane, Gaza, and Maputo, with the exception of the coastal districts. Drought also frequently affects the central province of Tete.  Some districts are faced with both drought and flood risks (Matutuine, Chibuti, Moatize, Cahora Bassa).  Impacts include agriculture, livestock and rural water supply. Since independence in 1975 Mozambique has experienced many severe droughts.  During the cropping years 1982/1983, 1986/1987 and 1991/1992, maize yields fell on average by 40% and by 85% in the center of the country (Tete and Manica provinces).  

Such dramatic events caused large-scale food deficits, hunger and disease. It also increased food imports and worsened the national debt burden. The devastating drought of 1991-1992 halved cereal production, more than doubled cereal import requirements and raised food aid import to 4 million tons for the Southern African region
.  

It is estimated that the loss in agricultural production due to the drought 1992 was 4 percent of GDP
 or about US$86 million in 2004 prices. These cost estimates seem to be conservative. Although drought effects in Mozambique mainly concentrate in the agricultural sector, drought impacts also include forest fires, losses related to damaged water supply for domestic and industrial use and associated indirect losses, including social and environmental impacts.  It is difficult to estimate the cost of drought shocks in Mozambique with any precision because physical impacts beyond food security effects are normally not well recorded.

4.5 Economy wide impacts of water shocks

4.5.1 Economy wide effects of floods

The economy wide effects of floods are very wide and pervasive – in addition to the direct costs as described in the section above, the economic effects include factors such as lost production, intermediate product costs and purchasing power reductions, and disincentives to investments at all levels.   

Water shocks also have potentially important implications for the budgetary and trade balances and often cause adaptation changes in monetary and fiscal policies to respond to shock-induced inflation, increased budget expenditures on relief and reconstruction, pressures to increase subsidies and diminished revenues due to lower than projected economic growth.  The floods of 2000-2001 provide an example of an adverse impact of shocks on the budgetary balance of the country. Due to a prudent fiscal approach accompanied by substantial external assistance, the budget deficit after grants was relatively low until 2000 (it rose from 1.5 percent of GDP in 1999 to 6 percent in 2000 and 6.6 percent in 2001). Combined with a careful monetary policy, especially in the period 1996 to 1998, and a program of structural reforms based mainly on privatization, tax and customs reform and trade liberalization, this resulted in low inflation, high private investment and high growth rates.  
The sharp increase in budget deficit in 1999-2002 was due in significant part to banks restructuring and the increase in the civil service wage bill of 46 percent in real terms between 1999 and 2002
.  However the budget deficit before grants excluding the banks restructuring and wages increase factor, rose from 10.9% in 1999 to 17.6% in 2001.  Therefore, a significant portion of the total increase in the budget deficit in 2001 can be attributed to the flood impacts and, specifically, to the increased public expenditures on post-flood reconstruction. Even with high levels of external grants and foreign net borrowing, domestic borrowing was impacted significantly in the period 1999 to 2002.  

Table 9. Domestic Borrowing for the period 1999 - 2002

	Year
	Domestic borrowing as % GDP

	1999
	-0.3

	2000
	0.8

	2001
	1.8

	2002
	2.1


Note that the incentives to finance disaster prevention can be perverse in that non-fungible humanitarian assistance is often available for floods/droughts (as was the case after the floods of 2000 and 2001) which may promote a fiscal strategy to under-invest fungible development funds in disaster prevention.  However, the budgetary impacts in the aftermath of extreme events such as the 2000 – 2001 floods remain considerable even with the relatively large non-fungible humanitarian assistance received. 

4.5.2 Economy wide effects of droughts

A simple assessment of sensitivity of the Mozambique economy to water shocks measured by fluctuations in GDP and growth rates of agricultural and non-agricultural sector products, demonstrates that major floods and droughts have a significant impact on the country’s economic performance. The analysis highlights that almost all major volatilities in this still largely agricultural economy in the period 1984-2002 were linked to flood and drought extreme events. With the exception of the 1987 drought
, all major droughts and floods during that period resulted in downturns in the agricultural and total GDP annual growth rates.

For example, the shocks of the floods of 2000 led to the abrupt fall of the GDP growth rate to 1.5% in 2000 (during the period of 1994-2003 the annual average growth rate was 7.5%).  Also, in 2000, agricultural output experienced negative growth of 10.8%. The decline in the agricultural growth rates in 1990-1992 seems to correlate with drought conditions in the same period.  In 1990 the agricultural output declined by 3% and fell to a negative growth of 4 % in 1991.  The trend continued during the severe drought of 1992 that contributed to negative growth rates of 18.2% of agricultural GDP and 8.6 % of total GDP in 1992.  The drought of 1994-1995 resulted in a negative growth rate of agricultural output of 6.4% in 1994 and the slowing down of total GDP growth from 7.5% in 1994 to 4.3% in 1995.

4.5.3 Immediate impact and post-shock economic recovery 

Studies based on multi-country comparisons and historical observations
 demonstrate that economic sensitivity to climatic shocks is highly dependent on a country’s stage of economic development.  Semi-subsistence economies with large agricultural sectors like Mozambique are particularly vulnerable to drought shocks, reacting immediately with a decline in GDP, agricultural exports, employment opportunities, domestic purchasing power, rural poverty level and negative impacts on the budgetary balance. At present, for a largely rural economy such as Mozambique, wide macro-economic effects of water shocks, and, specifically, droughts, are mainly felt through their direct impact on the agricultural sector.

Figure 2: Changing drought vulnerability as economies develop
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Source: Benson & Clay, 2001
The remainder of the economy tends to be less impacted than the agricultural sector because of the weak inter-sectoral linkages. The growth rates in industrial production and services have not been very sensitive to the climate variability extremes.  With development of the manufacturing sector and stronger overall economic integration, the impacts of water shocks would be dispersed more extensively throughout the economy. Greater development of manufacturing or simple products from domestic raw materials (e.g. textiles, food), further economic diversification and growth of urban population more dependent on purchased food, would be likely to increase the vulnerability of the Mozambique economy to water shocks.  However, in the long-term, the relative vulnerability is expected to decline in an “inverted U” relationship whilst the economy is moving from an “intermediate” to a “complex”, stage of development which is much less dependent on the agricultural sector
.  

Because of the simplified sectoral needs and weak links of other sectors to agriculture, after-shock economic recovery may also occur relatively quickly, assuming the timely availability of necessary agricultural inputs. After the 1991-1992 drought, agricultural and total GDP growth had been restored to the remarkable rates of 21% and 8% respectively already in 1993. However, despite this strong resilience of the Mozambique economy to meteorological shocks, droughts and floods impose a significant and systematic economic threat, affecting the country’s long-term growth.  

The limitations of this analysis need to be borne in mind - the human vulnerability of the subsistence-based economies is downplayed.  Whilst in simplified economies the quantified economy-wide impacts of water shocks may be less, more people are likely to be directly and catastrophically impacted as the family level poverty coping strategies, which are finely balanced in the best of times, are undermined and overwhelmed resulting in greater numbers of people falling into absolute poverty.  These consequences are hidden in this analysis.

4.5.4 Long-Term Costs of Water Shocks

Floods and droughts are frequent in Mozambique, appearing with a higher or lower intensity almost each three-four years. A drought shock with severe impacts has occurred seven times over the last 24 years (about once in 3-4 years).  Floods have occurred six times over the same period, about once each 4 years. The costs of the flood damage and major drought events estimated above occurred from the exceptionally severe 2000 floods and 1991/1992 droughts. However, it is reasonable to assume that 1-in-3-or-4 year droughts are typically 50 percent as severe as the 1992 drought, and 1-in-4 year floods would be 40 percent as severe as the floods of 2000. That means that, on average, Mozambique experiences floods that cost about US$240 million
 each 4 years and droughts that cost it about US$45 million every 3-4 years. This translates to a direct long-term fiscal liability of over US$70 million annually. The total costs of water shocks in the period 1980-2003 were about US$1.75 billion.  

A regression analysis undertaken in the recent World Bank study
 over the period 1981-2004, suggests that in Mozambique GDP growth is cut by 5.6% in average when a major water shock occurs.  Assuming the rate of the major disaster occurrence as one in five years, on average GDP growth in Mozambique is reduced by 1.1% annually due to the impacts of water shocks.  This estimate translates to a US$711 million loss in total GDP over the last 24 years. The future costs to the national economy, if no measures are taken, will be much higher: assuming a 5% annual GDP growth, by 2030 the total economic costs due to floods and droughts will reach the amount of about US$3 billion. 

A provisional indicative economic analysis was conducted on the investment proposals which have been suggested to the Government through the National Water Development Program I strategy development process. (See Appendix 1) Whilst these proposals have not been adopted formally by the government at the time of preparation of this study, they provide an indication of the type and cost of investments required to meet the country’s need over the next few decades.  The analysis of these proposals was undertaken to provide an initial assessment of whether the proposed investments in the water resources sector are likely to be economically viable.  

The analysis was based on simplified assumptions about the expected value of benefits and their distribution in time. The proposed package of investments has multiple objectives to improve flood protection, reduce the impact of droughts through expanded irrigation and increase hydropower production. The calculations assume that the year-on-year cost to the economy of water shocks (1.1% of GDP) will be reduced by 75% as a result of the investments.  It is clear that no amount of investment can completely protect a country from extreme events.  The figure of 75% mitigation is high but the initial analysis does not include the additional economic benefits of improved water supply for urban and industrial consumption, improved rural supply, increased agricultural output and hydropower production. 

The initial, indicative analysis shows that the possible package of water sector investments is economically viable, taking into account only the value of the mitigation benefit and based on the assumptions made of mitigation benefits.  This result is only of initial indicative value - a detailed analysis of the investment components and all the economic, social and environmental costs and benefits will be undertaken as a key element of the next stage of the preparation of a Country Water Resources Assistance Strategy.  The questions which needs to be answered are :-

· What investments are required to reduce to impact of water shocks on the Mozambican economy by 75%?

· How should the next dollar be spent in water resource development for the highest strategic return?

4.6 Hidden costs to the rural poor

Some 70% of the population of Mozambique rely upon subsistence agriculture for their livelihood which places the majority of the population outside of the monetary economy of the country.  The costs to this segment of the population of recurrent water related shocks and underdevelopment remain therefore largely unrecorded and outside of the reckoning of costs of these events at national level. 

Mozambique’s poverty is closely linked to its dependence on rain-fed subsistence farming in the context of highly variable rainfall and frequent droughts.  Rainfall conditions strongly influence food security across the country, as subsistence agriculture is the most dominant form of livelihood, providing more than 80% of basic food needs to more than 70% of the population. Livelihood options outside agriculture are limited for the great majority of the population. The marketing network is weak and limited by extremely difficult physical access to many areas. All these factors increase vulnerability of the rural economy to the rainfall variability and related water shocks such as droughts and floods.  Rural households are particularly susceptible to droughts due to the self-provisioning nature of the farming and weak marketing infrastructure. An IFPRI study
 shows that home consumption accounts for 65% of total agricultural production valued at producer prices (i.e. excluding marketing margins and consumption taxes) and represents about 23% of total household consumption of commodities. A large part of home-consumed production is due to safety-first considerations because of high expectations of food security problems accompanying regular droughts and floods. However, the poor marketing system is a primary reason for high shares of home-consumed production of crops - maize, vegetables, cashew, etc. 

Traditional coping mechanisms of local communities to overcome the hardship of droughts and floods include game hunting, the sale of firewood and charcoal, sale of livestock, sale of local home-made beverages, casual agricultural wage employment on local farms, temporary labor migration to neighboring districts and regions.  However, many of these alternatives have reached their limits as survival strategies. According to periodic FAO/WFP Crop and Food Supply assessments, the capacity of better-off farmers to absorb local casual labor has been reduced in many places by the exhausting cumulative effect of consecutive droughts and floods.  Prices of maize and grains in deficit districts continue rising, compared with previous years and barter conditions have deteriorated. Malnutrition rates are high, and elevated mortality due to malaria, diarrhea and HIV/AIDS is increasing according to the official statistics.

The investigation into rural vulnerability to water factors undertaken as part of this study
 indicates on an anecdotal basis that access to secure water sources to support livelihoods is considered of primary importance by rural households, to the extent that households and entire communities have migrated and resettled to gain access to such sources (eg. dams etc).

Reducing the vulnerability of the rural poor to water shocks through flood management and increasing water accessibility for productive use (eg through small dams, water harvesting etc.) will provide the greatest benefit to the largest number of people, even if the benefits are not discernable from a macro-economic perspective. 

4.7 Water development, management and protection

As has been shown in this document, the two elements of water shocks and under-development of water resource infrastructure have a considerable impact throughout Mozambique’s economy.  The question is whether there is anything that can be done to reduce the impact and de-link the economy from climatic variability and ensure that there is sufficient water available to support economic growth and poverty reduction.  Whilst it is not possible to provide complete protection against extreme events, it is certainly possible to reduce their impacts as is practiced throughout the developed world.  The preliminary indicative economic analysis undertaken in Section 4.5.4 indicates that it would be economically feasible to reduce the vulnerability of the economy to water shocks and substantially reduce the water related constraints to growth through the development and management of water resources.  However, the development of water related infrastructure adequate to provide for a growing economy and to protect against water shocks is costly.  Attention should also be given to non-structural management options such as engaging with upstream riparian countries to encourage improved management of international waters to reduce the risk to Mozambique of extreme events.  Such physical and non-physical developments require a high level of technical expertise and will involve lengthy planning, construction and commissioning periods.  However the ‘doing nothing’ alternative would clearly be more costly.  

Mozambique has certain innate water resource related conditions including those determined by its climate and geophysical realities and those determined by its political legacy – the large number of international rivers. These factors determine the water availability.  Similarly there are a number of social and economic factors which determine the demand for water.  These are illustrated in Figure 3.    
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Water availability and demand are not fixed, predetermined quantities – through the proper application of water resources development, management and protection activities it is possible to ensure that sufficient water is available to meet the demands and to protect the people and the economy from water shocks (droughts and floods).  These three elements can be broadly described as follows (note that the elements overlap to some extent) – 

Development entails a variety of activities which enable water to be controlled such as the construction of storage and flood control dams, diversion works, protection works such as dykes and levies, inter-basin water transfers, canals etc.

Management includes control of abstraction, licensing, administration of water rights, measuring and monitoring water flows, modeling and planning, ensuring efficiency of water use, water demand management etc

Protection ensures that the environment – the source of the resource – is protected to maintain aquatic fauna and flora, determining and ensuring in-stream flow requirements, water quality monitoring and water quality protection enforcement, protection of watersheds to reduce erosion and silt loads, etc

Mozambique is at a stage of economic development when infrastructure investments will generally have higher returns and will be more efficient in achieving water management objectives than focusing primarily on management improvements. World-wide experience demonstrates
 that countries typically focus first on supply-side solutions in water resources management at earlier stages of their development, and then shift gradually to more demand and management-based approaches as the resources base gets closer to its full utilization.  Figure 4 illustrates this statement.  

Figure 4. Rates of Return by Investment in Water Infrastructure 
Source: World Bank. China Water Resources Assistance Strategy, 2002

The level of development of water infrastructure and, specifically, of storage capacity, is a useful indicator of the level of development of water resources available for direct economic use. As referred to in Section 4.3 - Under-development of water infrastructure, the storage capacity per capita in Mozambique is only 330 m3 (excluding the Cahora Bassa Lake that accounts for more than 90% of the country’s storage capacity), placing Mozambique among the Southern African countries with least developed water infrastructure.  It is informative to compare this figure with the available water storage per capita in other countries as indicated in Figure 5 below.  If the Cahora Bassa is excluded, the remaining 5800 Mm3 of useful capacity represents only 5% of the mean annual runoff of the country’s rivers, excluding the Zambezi.  
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The indication is, therefore, that the Mozambican Government should currently be emphasizing the development of water resources.  Once a basic stock of water infrastructure has been developed, the emphasis will undoubtedly shift to management.  In order to ensure viability and long term sustainability, such development should take into account all necessary considerations of the environmental and social impacts of water resources development.

5 Conclusions

The implications of this study are summarized in the Executive Summary in Section 1.  Although the scope of the study has been limited it is clear that there are compelling arguments for further refinement. A clear identification is required of a strategy to address the vulnerability of the Mozambique economy to water shocks and the constraints to growth and poverty reduction imposed by an inadequate stock of water infrastructure.  It is planned to follow this study with the preparation of a Country Water Resources Assistance Strategy (CWRAS) in close collaboration with the Government, the World Bank Country Team and other development partners.  The CWRAS would include:-

1. Further analysis of future water demands by sector, including the water needs of ‘mega-projects’.

2. An analysis of the water infrastructure investment needs to reduce poverty and support growth, building on this study; 

3. The identification of priority investment requirements and opportunities; 

4. An analysis of financing options (public and private); and

5. A consensus building process on the way ahead involving a wide range of stakeholders including non-water sectors, in-country role-players (both government and non-government), the World Bank Country Team etc.

It is reemphasized that:- 

These matters are not “water problems” – they are grave issues facing the economy of Mozambique as a whole.  They impact on the whole of the country and on the poor in particular.  They are of a magnitude and of an all-encompassing nature that will impinge on and negatively effect the best efforts made in all other sectors.  Investment in water resources infrastructure is the only way in which Mozambique can stop the continuous drain on the economy and the extensive human costs caused by recurrent floods and droughts, and the only way to provide reliable sources of water which any economy needs to grow in strength and diversity.

--oo0oo--

Appendix 1 – Provisional Analysis of Proposed Investments

A provisional economic analysis was carried out to provide an initial assessment of whether the proposed investments in the water resources sector are likely to be economically viable. [See Section 3.4 - Government Water Infrastructure Development Strategy].   Note that it should not be inferred from the use of the draft investment strategy data (see Table 4) in this analysis that the proposals or data in the draft strategy are endorsed (or not endorsed) by the World Bank – the information is used for illustrative and comparative purposes only.  

The cost-benefit analysis was based on a comparison between a “do-nothing” and a “do something” option:  

· the “do nothing” scenario assumed that no investments in the water sector were undertaken to mitigate the impacts of water shocks. The option had no costs and long-term GDP growth was assumed at 5% pa;

· the “do something” or “invest-in-water-resources” scenario had investment costs of US$1.063 billion as proposed by the  consultant study (Table 4).  This scenario assumed that the proposed investments would result in an increased GDP growth rate due to the avoided water shock-related losses in the country’s economic growth (see Section 4.5.4). Specifically, it was assumed that this would lead to a 75% mitigation of the 1.1% annualized loss in the growth rate due to water shock events. This mitigation effect was included in the analysis as the only economic benefit of the proposed investments and did not take account of the benefits of meeting growing water demands for development, that is, removing the constraints to the economy due to current under-development of water infrastructure. The scenario also included assumptions on the investment implementation schedule that are summarized in Table 9 below:  
Table 9.  Assumed Investment Schedule

	Investment component
	Starting year of implementation 
	Implementation duration (years)
	Costs (US$ million)

	Flood Protection
	1
	10
	270

	Irrigation Rehabilitation & Small Irrigation
	1
	10
	120

	Hydropower development *
	1
	3
	50

	Dams and Transfer works:-
	
	
	

	Moamba Major dam and pipeline
	1
	5
	265

	Bue Maria Dam
	1
	5
	150

	Third large dam (possibly Mapai)
	11
	5
	150

	Medium size dams for irrigation 
	11
	10
	45

	Others (basin planning, inventories, etc.) 
	1
	1
	13

	TOTAL
	
	
	1063


Notes: * In addition to substantial Private Sector investments

The analysis shows that the proposed government package of water sector investments is economically viable taking into account only the value of the mitigation benefit (and not the removal of constraints to development resulting from under-investment) and assuming a  discount rate of 8%: the calculated Economic Internal Rate of Return (EIRR) was 10.1%, NPV – US$0.209 billion, and Benefit/Cost ratio (B/C) - 1.29.   The annual investment required to implement the strategy is 80-90 US$ million, annual cost of not investing (‘do-nothing’ alternative) is approximately 120 US$ million due to water shocks alone, excluding growth foregone through under-investment in water infrastructure.  A sensitivity analysis was carried out to assess sensitivity of the CBA results to variations in the discount rate and expected value of the project benefits.  

The analysis demonstrated that the project is sensitive to the changes in the discount rate: with a discount rate of 10% the project becomes marginal with NPV of 0.005 and EIRR of 10.1.  However, the project is also sensitive to the increase in the value of expected benefits: an increase in the benefits by 10% increases the EIRR by 0.8%-1.1%.  Therefore, with a discount rate of 10% and the value of benefits increased by only 10%, the investments remain economically viable with EIRR of 10.9%, NPV of US$0.072 billion, and B/C ratio of 1.11. Given the fact that the value of benefits included in the analysis is sufficiently underestimated, the proposed investments are likely to be economically viable with a discount rate of 12 percent as well.
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Figure 1. Main River Basins of Mozambique �Source: Water Resources of Mozambique, DNA, 1999





Box 1. Water Yields





The yield from a water resources system is the volume of water that can be abstracted at a certain rate over a specified period of time.  In case of the typically large fluctuations in stream flow in many Mozambique’s rivers, the highest yield that can be abstracted at a constant rate from an unregulated river is equal to the lowest flow in the river.  By regulating stream flow by means of dams, water can be stored during periods of high flow for release during periods of low flow. This increases the rate at which water can be abstracted on a constant basis and, consequently, the yield. The total yield locally available included the yield from both local surface water and groundwater resources, as well as contributions to the yield by usable return flows from the non-consumptive component of upstream water use in the area under consideration. Total water available for consumptive use includes the total local yield plus water transferred from elsewhere.  Usable water is also clearly dependent upon other competing demands and the needs for environmental sustainability.





The water yield estimates quoted in this report are based on present levels of infrastructure development, annual runoff patterns of 2003 and 98% of water supply assurance.  





Table 7.  Water Demands and Water Balances in the South and Center Regions in 2015, million m3








Figure 5: Per capita build water storage - Africa's gap


















































































































































































































































































































































Figure 3  Addressing water vulnerability and constraint








� Prepared by Len Abrams, Senior Water Resources Specialist, Africa Region, AFTU1, based on two background papers prepared as part of the study:-


“The Role of Water in the Mozambique Economy – Identifying Vulnerability and Constraints to Growth”, Rimma Dankova, February 12, 2005;


“Local Vulnerability Study” S. Gaye Thompson, September 2004


� Excluding the Save river where water demand in Mozambique is very low. 


� Millennium Development Goals- Republic of Mozambique, August 2002


� Joint Staff Assessment of the Poverty Reduction Strategy Paper. IMF and IDA. August 2001, p.4


� National Institute of Statistics of Mozambique (INE)


� The estimates are based on the following sources: NWDP1: WRMS, Building Block 4 (2004); NWDP1: WRMS,  Preparation materials for  Building Block 5, 2004; Interviews with staff  of Agricultural Hydraulics Department of MADER (July and October 2004); National Irrigation Development Plan (1993); Joint Incomati Basin Study (2002)


� NWDP1: BB4 – Water Resources Development. Phase 1 report, August 2004


� NWDP1: BB4 – Water Resources Development. Phase 1 report, August 2004


� Building Block 4 – Water Resources Development. NWDP1, Phase 1 and Phase 2 Reports. COBA/Consultec,  2004. These proposals have not been reviewed by the World Bank. 


� Background Paper on the Water Sector by Finney and Kleemeier. Mozambqiue Public Expenditure Review, World Bank, 2003


� NWDP1, Water Resources Management Strategy, Building Block 5, Phase 1- Inventory and Resources Assessment. Black&Veatch International, August 2004 


� Arndt C., M. Bacou, and A. Cruz. Climate Forecasts in Mozambique: An Economic Perspective. In: Coping with Climate Variability: The Use of Seasonal Climate Forecasts in Southern Africa. Ed. K. L. O’Brien, C. H. Vogel, Ashgate Publishing, England, 2002


� M. Bacou. Economy-wide Effects of Climate Variability and Climate Prediction in Mozambique. Msc. Thesis, Purdue University, 2001


� Mozambique Public Expenditure Review. World Bank, 2003: p. 19


� As noted in the World Bank 2001 Mozambique Economic Memorandum, the economic comparisons during the 1980s should be taken with caution because national accounts during that period included weak estimates of smallholder agriculture and services. A vast amount of economic activity was unrecorded in official sources, and the accuracy of statistical information was poor and uneven.   


� Benson C. and E. Clay. 1998 


� Benson C. and E. Clay. The Impact of Drought on Sub-Saharan African Economies. Technical paper 401, World Bank, 2001


� All costs quoted in this section are in constant 2004 prices. 


� M. Benito-Spinetto, P. Moll.  CEM Background Paper “Macroeconomic Developments, Economic Growth and Consequences for Poverty”. World Bank, Africa Region, PREM 1. December 2004


� Arndt C., H.Tarp, S. Robinson. Marketing Margins and Agricultural Technology in Mozambique. IFPRI, Washington DC, July 1999


� “Local Vulnerability Study” S. Gaye Thompson, September 2004


� World Bank. China Water Resources Assistance Strategy, 2002
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