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Abstract Africa’s transboundary waters have driven the development of a growing number of institutions and organizations to manage water across borders. While this institutional proliferation has brought many benefits, the form of such institutions appear to be converging despite considerable variation in issues and conditions across basins. This paper identifies transboundary water issues in the Shire catchment of Malawi and Mozambique, and proposes tailored options for water cooperation. The paper draws on international experience in transboundary water management to generate a set of institutional mechanisms that respond to transboundary issues in the Shire catchment, and ultimately arrives at three consolidated bundles of mechanisms for improving transboundary water management in the Shire. To facilitate implementation, the paper suggests sequential adoption of the bundles and flags critical decision points that may arise in the process of mechanism operationalization. The paper further highlights opportunities for negotiating across issues so as to enable parties to overcome the natural asymmetry that exists between upstream and downstream riparian interests. The paper points to scope for deals to be struck through exchanging free navigation in Mozambique for enhanced aquatic weeds and floods control in Malawi. The results of this work highlight an alternative – more practically-oriented and “bottom-up” – process for institutional creation in an African transboundary basin.

I. Introduction
Africa possesses many transboundary water institutions and organizations More than 150 transboundary water treaties have emerged to cope with Africa’s ubiquitous shared waters (Lautze and Giordano, 2005; Kistin & Ashton, 2008), and most of Africa’s major watersheds now possess international River Basin Organizations (RBOs) (Schmeier, 2012; Lautze et al., 2013). In West Africa, for example, notable RBOs include the Senegal River Basin Organization (OMVS), the Volta Basin Authority (VBA), the Niger Basin Authority (NBA), and the Lake Chad Basin Commission (LCBC). In East Africa, the Nile Basin Imitative (NBI) has been evolving for a decade and a half. In southern Africa, notable RBOs include the Okavango Commission (OKACOM), Limpopo Commission (LIMCOM), Orange River Basin Commission (ORASCOM) and Zambezi Watercourses Commission (ZAMCOM).  The growing volume of transboundary water law and proliferation of RBOs is widely considered to be positive, and reflects a reduced potential for conflict and an improved capacity to manage water across countries (Rangeley et al., 1994; Kranz et al., 2005; Bakker 2007; Schmeier & Schulze, 2010). 
Africa’s transboundary institutions may be converging toward a common format. Inadvertently or not, the growth of transboundary water institutions may have engendered a desire to streamline the approach to their development toward a common blueprint (RBA Centre, 1999; INBO-ANBO, n.d; Bath, 2008). While institutional development according to a common blueprint may be better than no institutional development, it’s worth noting that common formats are often applied to basins facing very distinct issues and conditions (Shah et al., 2001; Hooper, 2003; Bath, 2008; Merrey, 2009). Application of common approaches across basins is likely due at least partly to: i) limited knowledge on how to tailor RBOs to basin-specific conditions and issues; ii) emphasis on development of RBOs at the basin-scale, a scale at which issues are more general and institutions may be able to follow a more generic format.
This paper identifies fit-for-purpose institutional options for the Shire catchment. This paper seeks to propose options for the shape and structure of transboundary water cooperation that are specifically tailored to issues and conditions in the Shire catchment—shared between Malawi and Mozambique. The paper first reviews water resources issues and conditions in the Shire, as well as the current state of transboundary water cooperation across the two countries (section II). The paper next reviews international literature and experience related to institutional mechanisms on these issues (section III).  A results section then i) reviews mechanisms for coping with transboundary water issues in the Shire, ii) proposes three consolidated “bundles” of mechanisms for cooperation on the Shire, and iii) provides guidance for decision points and negotiation points around which riparians may converge toward an agreement (section IV).  Finally, a discussion section considers the degree to which a “bottom-up” process of institutional formation – tailored to priority issues in specific basins – may help complement roll-out of more conventional “blueprint” approaches (section V).
 
II. Background: The Shire Catchment
A. Study area
The Shire catchment comprises one portion of the broader Zambezi basin, and forms part of the lower Zambezi basin that together covers Lake Malawi and the Shire river system (Figure 1). The Shire River originates as an outlet at the southern edge of Lake Malawi and flows 415 km southwards where it joins the Zambezi River. As flows into Lake Malawi are currently unregulated and the effect of decision-making upstream of the lake outlet is estimated to be minimal, focus was placed on the Shire catchment downstream of the lake.  The catchment covers an area of approximately 49,000 km2, generating a mean annual runoff of approximately 15.7 km3. 35,000 km2 of its coverage is in Malawi and 14,000 km2 in Mozambique; hence approximately 71 percent of the catchment is in Malawi and 29 percent is in Mozambique. More than 4 million people live in the river’s catchment; approximately 3.6 million in Malawi (GEF, 2012) and approximately 0.6 million in Mozambique (WB, 2010). [image: ]
Figure 1: Shire Catchment 

Shire Geography The Shire River can be divided into three sections: upper (plain), middle (steep) and lower (plain). The upper Shire between Lake Malawi and the Kamuzu Barrage is mainly used for navigation and fish production.  The middle section, from south of the Kamuzu Barrage until Chikwawa, contains a 370 m drop in elevation. Along this slope three hydropower stations (Nkula 124MWt, Tedzani 90MWt and Kapichira 64MWt) generate 98% of Malawi’s electricity (Shela, 2000a). The remainder of the Shire landscape is fairly flat and runs downstream from Chikwawa, into Mozambique, where the river meets the Zambezi and eventually flows to the Indian Ocean. This lower part of the Shire catchment is one of the most fertile areas in the basin, boasting rich deep soils with considerable irrigation potential.
Shire Climate Malawi has a sub-tropical climate, which is relatively dry and strongly seasonal. 95 % of the annual precipitation occurs in the warm, wet season that stretches from November to April. Mean daily temperatures in this season vary between 17 and 27 degrees Celsius. The cool, dry winter season is evident from May to October with mean daily temperatures varying between 4 and 10 degrees Celsius. Rainfall in the upper part of the Shire between Lake Malawi and the Kamuzu Barrage ranges from 800 to 1200 mm. Downstream from the barrage, in the lower part of the river, rainfall ranges from 600 to 800 mm and in the Mulanje Mountain, on the Ruo tributary, rainfall is between from 2000 to 2400 mm (Shela et al., 2008).  In the Lower Zambezi and Shire system, flows are highly variable from year to year (Beilfuss, 2012).  
Water Use in the Shire Water of the Shire catchment is mainly used for hydropower irrigation and agriculture, and to some extent navigation. The Shire also supplies water to urban areas such as Blantyre. Three hydropower stations generate almost all of Malawi’s electricity capacity (Kaunda & Mtalo, 2013). Traditionally, the area south of Chikwawa is conducive to a high level of flood recession agriculture. Irrigation activities in the south of Malawi have recently increased, in part due a substantial increase of private investment and notable World Bank financing in the area of agriculture and irrigation development (ATKINS, 2012). In Mozambique, irrigation is likely to increase as the country forges ahead with reconstruction and development programmes which may include reopening the irrigation districts of Tete and Zambezi Provinces (Shela, 2000). Evidence suggests that the Lower Shire was used for navigational purposes prior to 1970 (Shela, 2000).  
B. Transboundary water issues in the Shire
As the Shire River crosses political boundaries, it gives rise to issues that are transboundary in nature. Discussions with personnel at relevant water authorities in Mozambique and Malawi including ARA-Zambeze in Mozambique, and the Shire River Development Programme in Malawi[footnoteRef:1] were conducted to identify priority transboundary water issues. Results of discussions suggest four key water issues of transboundary importance: flooding, aquatic weeds (water hyacinth), navigation, and future water infrastructure development.  [1:  Also, input was sought from other notable actors such as World Bank, African Development Bank, European Commission.] 

Flooding Flooding is a transboundary issue as water from areas in Malawi floods border areas at and south of the Ruo-Shire confluence, as well as areas uniquely in Mozambique such as the Shire-Zambezi confluence. While flooding occurred historically and in most years does not pose major problems, property-damaging and life-threatening floods occur at a frequency of approximately every 5 years, a rate that may be increasing.[footnoteRef:2] Increased flood occurrence is associated with anthropogenic climate change (Chidanti-Malunga, 2011; Peel et al., 2004; Conway et al., 2008). [2:  Major floods indeed occurred in 2001, 2007, 2012 and again in 2015.] 

Aquatic Weeds[footnoteRef:3] Water hyacinth proliferated following the construction of the Kamuzu Barrage in 1964, spreading slowly north towards Lake Malawi and south towards the Indian Ocean (Phiri et al., 2001). The invasive weed is now present in most parts of the catchment, causing problems in hydropower facilities in Southern Malawi as well as in the Mozambique portions of Shire. The proliferation of aquatic weeds appears to be affecting a recognized RAMSAR site at Marromeu, downstream the confluence of the Shire and Zambezi rivers in Mozambique[footnoteRef:4]. Aquatic weed infestations at the site already resulted in decreased fish production, displacement of natural fauna and flora, and overall loss of biodiversity (Timberlake, 1998). Biological control was initiated in 1995 and attempts are current being made to capture weeds just upstream of Kamuzu Barrage, but these have met with mixed success.  [3:  Although the paper often refers interchangeably to “aquatic weeds” and “water hyacinth”, specific concern regarding the invasive specie of water hyacinth.]  [4:  A recognized RAMSAR site is a “wetland of international importance” (Ramsar Convention, 1971). ] 

Navigation Due to its landlocked status, Malawi has shown interest in re-establishing access to the Indian Ocean through the Shire. Investigations into the navigability of the river since 1998 have led to interest in re-establishing navigation transport activities in the mid-term future. Toward this end, construction works began at the port of Nsanje, in the far south of Malawi in 2011. Currently, an African Development Bank (AfDB, 2011) study is being undertaken to assess the feasibility of implementing a former agreement reached between Malawi, Mozambique and Zambia regarding the Zambezi-Shire Waterways Project that aims to rehabilitate the navigability of the river and introduce transportation by container ships between Nsanje and the Indian Ocean. After the involved parties reviewed the outcomes of this study, negotiations to renew navigation activities on this part of the Shire are expected to resume.
Water Infrastructure Development There is recognized potential for multi-purpose infrastructure development, particularly on the Ruo tributary. On the Ruo, there is a possibility to develop infrastructure for both hydropower and flood control. Financing has nonetheless been lacking, and parameters surrounding cooperation to facilitate infrastructure development would need to be determined. It was noted that infrastructure is different in nature from the other issues as the others are ends in themselves, while water infrastructure is a means to those ends. Further, infrastructure development for energy and economic growth is likely a broader regional issue. While this is a valid goal and related to the focus of our work, it is also distinct from the other goals which are more confined to Shire catchment.

C. Existing and potential cooperation
Zambezi-level cooperation The level of collaboration between Malawi and Mozambique on water issues is currently limited. At a broader Zambezi level, Malawi and Mozambique cooperate within the framework of the Southern African Development Community (SADC) Water Resources Technical Committee. Some cooperation is also achieved through the Zambezi Watercourses Commission (ZAMCOM), which contains Angola, Botswana, Mozambique, Namibia, Tanzania, Zambia and Zimbabwe. Malawi has not yet ratified this agreement, but nonetheless participates as an observer. 
Cooperation on Shire between Malawi and Mozambique In the Shire specifically, an Agreement on Establishment of the Joint Water Commission (2003) was signed in response to devastating floods in 2001. Despite good intentions, this agreement has not been operationalized owing to absence of technical and financial support. Informal dialogue between the riparians also exists at a Ministry level between offices in Lilongwe (Malawi) and Maputo (Mozambique) in the form of letter exchange, email and phone calls. 
Cooperation on Shire at a local level Cooperation among sub-national stakeholders within the Shire catchment appears to be minimal. There is evidence of Mozambican water managers contacting Kamuzu Barrage operators during flooding in Mozambican portions of the Shire, to request water level information at the Lake Malawi (Cpt. Gerald Mbiro, personal communication, May 17, 2014). Nonetheless, such interaction seems an exception to a rule in which engagement is far from routine. 
There appears unrealized demand for cooperation between riparians in the Shire catchment. Demand for cooperation is reflected in the Shire-Zambezi Waterway Feasibility Study and the Shire-tailored transboundary treaty concluded in 2003, as well as the ad hoc cooperation (noted above) occurring between the Kamuzu Barrage operator and counterparts in Mozambique. Demand for cooperation was also confirmed in personal communications with different actors in the basin as these expressed mutual concerns regarding the transboundary issues identified above. Nevertheless, the fact that the 2003 treaty so far failed to materialize may trigger questions about impediments to operationalizing cooperation on water. 
III. Methods: Transboundary Institutions
A. Document Search and Mechanism Identification
Document Search 
With the aim of assembling a set of transboundary institutional mechanisms that respond to Shire’s issues (i.e., flooding, aquatic weeds, navigation), three types of documents were collected and reviewed: i) academic literature, ii) project documents and iii) transboundary water treaties. The academic literature examined included documents that discuss the transboundary relevance of flooding, aquatic weeds and navigation. Particular focus was applied to such literature that contained an African focus. Key documents in this category included Bakker (2007, 2009) and Cooley & Gleick (2011) on issues of flooding, Giordano (2003) and Navarro & Phiri (2000) on water quality and aquatic weed management, and Caponera (1995) on navigation. 
Project documents were the second category of documents reviewed and are believed to provide important insights about on-the-ground ways to address the identified transboundary issues. Examples of important documents in this category included the Multi-Sector Investment Opportunity Analysis for the Zambezi (World Bank, 2010), the Uganda-Egypt Aquatic Weed Control Project (1998) and the Lake Victoria Environmental Management Project for Eastern Africa (1994).  
The third category of documents examined was transboundary water treaties. A content analysis of existing transboundary water treaties was conducted in order to determine if and how governance principles for flooding, navigation and aquatic weeds are adopted into shared water treaties and applied to river management. The primary data source and the largest known collection of such treaties is provided by the Transboundary Freshwater Dispute Database of Oregon State University (OSU). Treaties signed that deal with flood control, water quality and navigation were included in the analysis; further, the analysis was limited to post-1950 treaties as these were believed to provide examples most relevant to current conditions. This resulted in the selection and examination of 106 transboundary water treaties. 
Identification of mechanisms for coping with transboundary issues 
To identify mechanisms for responding to relevant transboundary issues in water treaties, project and academic documents were examined for text that captures ways in which countries coped with flooding, weeds, navigation. In some cases, mechanisms were mentioned explicitly and therefore their identification was straightforward; the 1961 treaty relating to the cooperative development of the water resources of the Columbia River Basin, for example, explicitly establishes a joint committee to monitor water quality. In other cases, text needed to be scrutinized and interpreted to understand how it precisely addressed one of the three issues of focus. 
Two additional clarifications are worth noting related to the mechanism identification process. First, compilation of different instruments led to the realization that certain instruments could be subdivided.  For example, one way of dealing with floods and navigation – construction of infrastructure  – can be achieved through several finance-sharing options. To account for this detail, certain instruments were presented along with sub-instruments. Second, it was apparent that descriptions of the same mechanism might have been couched to different language.  For simplicity, mechanisms were distilled to common, simple language.

B. Organizing Mechanisms according to Level of Cooperation
Once a set of mechanisms for cooperation was identified, such mechanisms were ordered according to the level of cooperation that they embody. To generate guidance for organizing mechanisms according to the level of cooperation they manifest, literature on the topic was reviewed (Sadoff and Grey, 2005; Mirumachi, 2007; Zeitoun and Mirumachi, 2008; Leb, 2013). This review yielded three frameworks that bore many similarities, yet also possessed notable differences.
Sadoff and Grey (2005) effectively divided cooperation into three stages, which are largely consistent with those outlined by Leb (2013). The first stage captures mechanisms for which implementation requires inter-state coordination but relatively few institutional efforts. For example, jointly gathering and exchanging data and information requires coordination (Sadoff & Grey, 2005). The second stage captures collaboration, which results when national plans are adjusted either to secure gains or to mitigate harm in another riparian country (Sadoff & Grey, 2005). Diverting water upstream may, for example, effectively alleviate flood risks downstream. The third stage reflects mechanisms that require effective joint action and riparians acting as partners in the design, investment and implementation of transboundary river development (Sadoff &Grey 2005). This level of cooperation is often formalized by a joint body with a mandate. 
Mirumachi (2007) and Zeitoun & Mirumachi (2008) often speak of interactions that portray both a gradational cooperation spectrum on one axis and a conflict spectrum on the other axis.  The cooperation spectrum advances from ad hoc cooperation to cooperation on technical issues, then proceeds to risk-averse cooperation to risk-taking cooperation. Their cooperative steps effectively incorporate the element of risk, which has been identified (e.g., Subramanian et al., 2012) as a key factor in state decision-making related to engagement on transboundary waters. 
	
	No to Low                                                                                                 High             
Cooperation                                                                                           Cooperation

	Sadoff & Grey, 2005
	Unilateral 
	Coordination
	Collaboration
	Joint Activity

	Mirumachi, 2007; Zeitoun & Mirumachi, 2008
	Ad hoc
	Technical
	Risk-Averting
	Risk-Taking

	Synthesized Approach
	No
Cooperation
	Coordination  and Assistance, often technical
	(Active) collaboration
	Joint Action 


Table 1: Levels of Cooperation
Ultimately, this paper adopts a synthesis of the previous approaches. It structures cooperation into three categories: i) Coordination and Assistance, often technical; ii) Active Collaboration and iii) Joint Actions. Level of risk was a more difficult topic to unambiguously assess, and hence it was not directly included in the synthesis. While this structure provides guidance for organizing mechanisms according to their level of cooperation, it should be noted that (i) options for classification are not predetermined or self – evident and (ii) additional criteria would be required to measure the quality of cooperation. 

C. Sequencing and Decision Points
Sequencing cooperation In an attempt to provide practical guidance to riparians on the phase-in of water cooperation in the Shire, the way in which this cooperation is sequenced was examined. Careful consideration of sequencing allows riparians to select focal points for cooperation, to engage in a consensus -based bargaining process and to move from one equilibrium to another (Abbott & Snidal, 2002). Sequencing generally also facilitates the process of international cooperation as it breaks down decision-making into a series of small steps while allowing parties to update previous arrangements and expand cooperation (Young,  2010:1). 
Ultimately, three “bundles” were generated that reflect an issue-aggregated package of mechanisms in each of the three stages of cooperation.  A first bundle reflects cooperation that is of mainly a coordinative nature. A second bundle reflects cooperation of a more collaborative nature. A final bundle reflects action-oriented cooperation. To develop each of these three groups, mechanisms reflecting coordination-oriented cooperation on each of the three issues were packaged, mechanisms on collaboration-based cooperation on each of the three issues were packaged, and mechanisms reflecting action-oriented cooperation on each of the three issues were packaged. When packaging mechanisms, focus was devoted to those mechanisms that received more frequent usage—as gauged by the number of examples found on each.
Decision points within issues Packaging mechanisms according to level of cooperation reveals decision points and necessitates choices, as certain mechanisms offset or conflict with one another. In the context of each bundle, therefore, it is necessary to highlight decision points and to focus attention on specific issues for which negotiation between states could be targeted.  An overview of the decision points in each issue of focus (floods, aquatic weeds and navigation) highlights the scope for negotiation within each issue.
 Decision Points across issues A final point examined is the potential for cross-issue synergy that can be achieved by aggregating decision points across issues. Linkage between different policy domains is indeed a commonly applied strategy in international negotiations in order to leverage negotiation positions or to widen the range of politically desirable options (Haas, 1980; Katz & Fischhendler 2010). The idea of issue linkage initially emerged to solve the problem of asymmetries among countries (Carraro & Marchiari 2003). The strategy has proven particularly useful in creating leverage in the unbalanced relations between upstream and downstream countries, in which upstream riparians often have less incentive to cooperate (Le Marquand 1977; Wolf 1997; Dinar 2006). 
To identify the potential incentive of parties to link the negotiations on different issues instead of negotiating on the issues separately and to determine opportunities that can be harnessed through such negotiation, the bargaining position of each party was assessed per issue. For floods, aquatic weeds and navigation the relative advantage was estimated per riparian, on the basis of geography and perceived country interests.  It was then considered how the imbalance in bargaining power in one issue could be traded off with a (reverse) imbalance in bargaining power on another issue. 

IV. Results
A. Flood Control Mechanisms
Nine major instruments for flood control at a transboundary level were identified (Table 3).  Six of such instruments could be considered coordination oriented. Two of such instruments could be considered to manifest collaboration between countries. One measure reflected joint action between countries; this action-oriented measure contained several variants associated with the division of costs. 
	
	Mechanisms
	Number of examples

	Coordination & Assistance
	Create a joint committee for flood control
	14

	
	Exchange of flood related data and information 
	7

	
	Undertake joint research on flood management and mitigation
	6

	
	Provide mutual assistance for both emergency operations, medium term and long-term flood control
	6

	
	Agree to prior notification on river development that affects flow regime and influences flood risk
	4

	
	Adopt a conflict resolution principle to mitigate disputes  caused by transboundary flooding (e.g. negotiation, mediation, arbitration, adjudication)
	4

	Collaboration
	Develop and implement early flood warning systems and rapid response mechanisms
	7

	
	Undertake joint monitoring of river flow (and water levels)
	5

	Joint Action
	Jointly construct, operate and maintain flood control infrastructure based on a suitable cost-sharing principle:
	18

	
	    a) Proportional division 
     (based upon estimated or   
     previously determined costs or 
     arranged per jurisdiction)
	8

	
	     b) Equally divided
	3

	
	     c) Side payment and payments according to benefit
	3

	
	     d) Unforeseen costs
	3


Table 2: Institutional mechanisms for flood control[footnoteRef:5] [5:  Annex A contains a more elaborate table with examples specified ] 

Coordination & Assistance
Creation of a joint committee for flood control is the most frequently used mechanism for responding to floods at a transboundary level. Joint committees for flood control often have an inclusive mandate to facilitate implementation of some or all of the mechanisms for dealing with floods. In the 1952 convention between the government of the Union of Soviet Socialist Republics and the government of the Romanian People's Republics concerning measures to prevent floods and to regulate the water regime of the River Prut, a committee was mandated to coordinate operation and maintenance of infrastructural works, prepare flood protection programmes and studies, follow-up on monitoring activities and serve as a platform for data and information exchange and effective communication between the parties (Danube 1952). 
Also emerging as frequently utilized mechanisms to cope with floods were i) exchange of flood-related data and information, ii) joint research on flood management and mitigation, and iii) provision of mutual assistance. The exchange flood-related information and knowledge, including exchange of forecast models or precipitation and variability data, may further assist states in the prediction, prevention and control of floods. In the 1987 treaty on environmentally sound management of the common Zambesi River System, Mozambique, Zambia, Tanzania, Botswana and Zimbabwe to develop real-time data of the basin in terms of precipitation, streamflow, flood plains, lake and groundwater levels. Joint research on flood management and mitigation can be more widely or narrowly mandated, but generally includes the agreement to carry out joint feasibility studies for proposed infrastructure (Shire 1953, World Bank 2010), for flood prevention and control programmes (Ganges-Brahmaputra 1972, Colorado 1994) and for further develop climate, weather and forecasting models (Moselle/Saar 1987). Commitment to provide mutual assistance in case of emergencies and for medium and long-term flood control has also been utilized. 
Less notable mechanisms for coping with floods at a transboundary level included prior notification on river development, and adoption of a conflict resolution mechanism. Prior notification for river development influence any unilateral development of the river, particularly those that may affect its flow or increase flood risks downstream, e.g. by introducing new infrastructure or removing sediments from riverbanks (Danube 1952; Danube 1987; Saskatchewan 1988).  Adoption of a conflict resolution to settle disputes caused by flood damage can specify the precise instrument utilized for resolving any disagreements associated with flood damages. In the case of the Indus (1960), for example, states agreed to consultation and third party mediation if, owing to heavy floods, damage should occur to any link canals, thereby affecting irrigation capacities. 
Collaboration
Collaborative mechanisms for responding to floods included joint early warning and rapid response mechanisms, and joint monitoring of river flow and water levels. Joint early warning and rapid response mechanisms may be implemented by creating extra storage capacity upstream (Pasvik 1956; Columbia 1960), adopting an automatic flood warning system (Moselle/Saar 1987) or forming an agreement to immediate notify the downstream party (Mekong 1995). Joint monitoring of river flow and water levels implies that states carry out daily (manual or automatic) monitoring of precipitation and gauging sites and share this data with other parties (Pasvik 1956; Moselle/Saar 1987). 
Joint Action
Joint action-oriented mechanisms for coping with floods included only one instrument: to jointly construct, operate and maintain flood control infrastructure based on a suitable cost-sharing principle[footnoteRef:6]. While infrastructure construction, operation and maintenance can certainly go a ways toward reducing the adverse effects of floods, financial costs associated with such infrastructure are often difficult to mobilize in resources-constrained contexts—mobilization of such funds is further complicated by the ways in which costs are shared across countries. Evidence exists on several cost-sharing options: [6:  Infrastructure for transboundary flood control is usually constructed upon mutual consent (which forms the basis of the treaty) and as a consequence maintained and operated jointly. ] 

· Proportionate division of costs are the most common way in which flood infrastructure costs are shared. Proportionate division of costs is associated either with estimated or previously determined costs (Po 1951 and 1970), or with each party bearing the costs of works performed in its own jurisdiction (Danube 1952). 
· Equal cost sharing, for example to equally share operation costs of hydropower or other flood related infrastructure (Rio Grande, 1970); 
· Cost sharing according to benefit using side-payments (Gander 1986), where one side agrees to pay the other side for the delivery of a future service. Under the 1960 Columbia treaty the US agrees to pay Canada for the operational costs upon the commencement of flood control. Similarly in the case of the Saskatchewan (1988), the US provides for financial contributions for the construction of flood control infrastructure in upstream Canada. In another case (Maritsa, 1968) states may request hydrological data from one another upon payment (including paying the other party for collecting that data). 
· Unforeseen expenditures and circumstances can be taken into account, for example by agreeing to share future costs upon mutual agreement (Moselle/Saar 1987) or divide them according to earlier agreed terms (Po, 1951). 

B. Water Quality and Aquatic Weeds Mechanisms
Eight major instruments for controlling aquatic weeds at a transboundary level were identified (Table 4).  Five of such instruments could be considered coordination oriented. Two of such instruments could be considered to manifest collaboration between countries. One measure reflected joint action between countries; this action-oriented measure contained two variants associated with the division of costs. 
	
	Mechanisms
	Number of examples

	Coordination & Assistance
	Form joint committee for water quality / aquatic weed control
	18

	
	Adopt shared standards on water quality/ aquatic weed control 
	10

	
	Undertake joint research based on shared water quality data and information 
	6

	
	Review water quality control practices and propose improvements as necessary
	6

	Collaboration
	Undertake joint monitoring and surveillance of water quality /aquatic weeds infestation
	6

	
	Develop and Implement joint early warning and response systems to treat water pollution / aquatic weed proliferation
	6

	
	Implement Joint Targets for (proposed) water quality control programmes
	3

	Joint Action
	Implement water quality/ aquatic weed control and treatment programmes based on :
	
17

	
	     Cost-sharing and side payments: 
	10

	
	     Other Financial arrangements
	7


Table 4: Mechanisms for water quality and aquatic weed control[footnoteRef:7] [7:  Annex B contains a more elaborate table with examples specified] 

Coordination and Assistance
Creation of a joint committee is the most common instrument to respond to aquatic weed proliferation at a transboundary level. The mandate of a joint committee for water quality control may include the task to conduct technical studies (Scheldt 1950) or delegate this to specialised subcommittees (Moselle 1961), to provide a communication platform for all competent or active agencies in the field of water pollution control (Moselle 1961). The adoption of shared standards on water quality or aquatic weed control is one way to harmonize approaches to aquatic weeds, so that efforts to maintain certain standards on aquatic weeds in one country are not undermines by those of another country. Joint research based on shared water quality data and information may assist in the development of joint water quality control programs and water treatment methods. Mechanisms for amendment and review allow parties to adjust a treaty and update it according to new scientific knowledge or technological innovations. Few treaties signed between the US and Canada (Great Lakes and St. John treaty of 1972 and St. Lawrence treaty of 1978) provide for the possibility to modify water quality provisions or control and review the effectiveness of pollution control programs.  
Collaboration
Collaborative mechanisms for coping with aquatic weeds at a transboundary level include i) joint monitoring and surveillance of water quality, ii) implementation of joint early warning and response systems, and iii) implementation of shared targets for water quality.  Joint monitoring of water quality may serve to evaluate water quality trends, to identify emerging problems, to develop additional water quality controls or adopt enforcement measures if needed (Great Lakes 1972; St. Lawrence 1978). Joint early warning systems and emergency intervention procedures in case of water pollution are already adopted in a number of basins such as the Rhine (1976), the Colorado (1985) and the Aral Sea (1998). In the case of the Elbe (1990) early warning strategies have been developed according to national experiences and existing response practices.  In a few cases, states also agreed on the implementation of joint targets such as the achievement of water quality objectives (Great Lakes 1972) or the identification of programs and measures to enhance quality control (St. John 1972). 
Joint Action
Joint action to control aquatic weeds at a transboundary level consists of jointly implementing a programme to reduce or eliminate the abundance of weeds. In Lake Victoria, for example, a joint programme combining biological and mechanical control strategies has been implemented since 1994. Financing of such a programme may be achieved through cost-sharing or other financial arrangements. Cost sharing in this field may enable the instalment of water treatment infrastructure (Rhine 1980), the costs for employing personnel necessary to carry out tasks of water quality control (Candelaria 1987) and/ or regulations regarding tax exemptions for this personnel (Egypt/Uganda 1998). It may also support associated costs of studies and research on water pollution (Moselle 1961), the costs of implementing such studies (Lake Geneva 1977) and sharing the operation costs of a water quality commission (Danube / Lake Maggiore 1972; Rhine 1998; Meuse 2002). 
C. Navigation mechanisms
Seven major instruments for navigation at a transboundary level were identified (Table 5).  Four of such instruments could be considered coordination oriented. Two of such instruments could be considered to manifest collaboration between countries. One measure reflected joint action between countries.
	
	Mechanisms
	Number of Examples

	Coordination and Assistance
	Adoption of freedom of navigation
	7

	
	Adoption of uniform navigation rules and regulations
	6

	
	Adopt conflict resolution principle to settle disputes caused by navigation 
	6

	
	Create joint navigation committee
	5

	Collaboration
	Jointly maintain river navigability
	8

	
	Apply a mutual tax regime
	5

	Joint Action
	Undertake navigation works based on cost sharing
	2


Table 5: Mechanisms for Navigation[footnoteRef:8] [8:  Annex C contains a more elaborate table with examples specified] 

Coordination and Assistance
Coordination-oriented instruments related to transboundary navigation include: i) freedom of navigation, ii) uniform navigation rules, iii) joint navigation committee, iv) conflict resolution principle. Freedom of navigation is an early accepted legal principle for the management of international rivers, and the adoption of uniform rules for navigation (Caponera 2001). Freedom of navigation was first introduced to African rivers by the International Commission for the Navigation of the River Congo, created by the Act of Berlin in 1885 (Caponera 2001).  Freedom of navigation may apply to contracting parties only (Oder 1952; Sava 2002) or also to third states (Gambia 1978; Mekong 1995; Volta 2007).
Uniform rules for navigation such as joint rules for pilotage, for loading and unloading (La Plata 1975) and joint traffic and safety regulations (Gambia 1978; Oder 1952; Rhine 1984). In case the treaty only governs a part of the basin, the text may prescribe the coordination with previously established basin-level or commission rules (Danube 1968). Adoption of a Conflict Resolution Principle can help resolve disagreements over navigation and settle judicial matters, including the persecution of vessels that committed an offense (La Plata 1975), damage claims to vessels and infrastructure (Moselle 1976; Oder 1952) or to water quality (Rhine 1996; Lake Tanganyika 2003). A Navigation Committee is not too dissimilar from other water-related committees described above. 
Collaboration
Collaborative mechanisms for coping with navigation issues at a transboundary level include: i) jointly maintain river navigability, ii) apply a mutual tax regime. Commitment to maintain river navigability implies the duty of each party to install and maintain navigation and kilometre marks, remove debris or blockages, restore dikes and generally improve navigability within its jurisdiction (Oder 1952; Danube 1968; Moselle 1976; Mekong 1995; Senegal 1964; La Plata 1975). Few treaties specifically prohibit unilateral developments that may affect navigation (Gambia 1978; Mekong 1995; Sava 2002). Application of a mutual tax regime for river use requires more bargaining and coordination efforts from the parties involved. Treaties may either stipulate conditions for tax exemption which apply to import of construction material and equipment, land and water vehicles or spare parts for navigation purposes (Austria/Czech 1967, Lys 1987). The Senegal treaty of 1964 stipulates explicitly that there may be no taxation, only retributions for services provided. Another option is to charge uniform tolls and dues for river use, calculated beforehand or/and on the basis of construction, maintenance and administration costs (Danube 1968; Gambia 1978). 
Joint Action
Joint action for transboundary navigation is heavily focused on jointly undertaking navigation works, which often come at a larger cost than the mechanism described above. The costs of navigation works include dredging, deepening or widening of the river bedding, construction of navigation canals and the removal of obstacles and are regularly shared proportionally by dividing the expected costs beforehand (Moselle 1976) or / and by dividing them per jurisdiction (each party bearing the costs of the works performed in their territory- Lys 1987). 

D. Sequencing and Decision Points
Sequencing
	To summarize the three stages of cooperation across the three issues of focus and lay a basis for synthesizing one aggregated bundle of instruments for each stage, central elements of each stage of cooperation are shown below (Table 6). In what follows, one bundle of mechanisms are described that reflects a set of instruments for first stage cooperation (coordination), a second bundle of mechanisms are then outlined that reflect a bundle of second stage cooperation (collaboration), and a third bundle of mechanisms capture a third stage of cooperation (joint action). Should riparians endeavour to scale up cooperation, they may wish to start in stage 1 and subsequently scale up to stages 2 and 3.
	
	First Stage Cooperation: Coordination
	Second Stage Cooperation: Collaboration
	Third Stage Cooperation: Joint Action

	Floods
	Committee, data exchange, research, mutual assistance
	Joint monitoring, early warning and rapid response
	Joint infrastructure operation, construction, maintenance

	Aquatic Weeds
	Committee, data exchange, research, shared standards
	Joint monitoring, early warning and rapid response
	Programme implementation

	Navigation
	Committee, navigation rules
	Joint Maintenance, Joint taxation
	Joint undertaking of works


Table 6: Sequencing Cooperation
First Stage Cooperation: Elements of Transboundary Water Coordination in the Shire A first stage of water cooperation in the Shire could include a joint committee dealing with data and information exchange and joint research on issues of flooding, aquatic weeds and navigation.  This multi-purpose body potentially results from and coordinates the activities of sectoral units that already exist in each issue area. In other words, the body may gather data and information from sectoral agencies that have in-house expertise on each of the issue areas in focus, such as the ministry of transport or the environmental protection department. Based on such coordination activities, the joint body could align modalities for mutual assistance in flood related emergencies, and establish shared navigation rules and standards on aquatic weeds. Sectoral agencies at the national level may assist in the implementation of such mechanisms within their jurisdiction.
	Second Stage Cooperation: Elements of Transboundary Water Collaboration in the Shire A second stage of water cooperation in the Shire could include joint monitoring of river flow for floods and water quality, including weeds. This second stage of cooperation could also include the development of an early warning and rapid response mechanism in the event of flooding or aquatic weed infestation. As the operation of hydropower plants may be largely obstructed by the growth of weeds, riparians could consider partially financing the costs of aquatic weed response and removal through revenue from hydropower—this may in fact be cost-effective if weed reduction enables an increase of hydropower production. Related to navigation, stage 2 cooperation could include joint maintenance of the river to enable navigation if and when possible, as well as joint taxation if the riparians elect to apply taxes to vessels along the river.
	Third Stage Cooperation: Elements of Joint Action in the Shire A final stage of cooperation could include the construction, operation and maintenance of joint infrastructure for flood control, joint programme implementation for aquatic weed control, and the joint undertaking of works for navigation. Infrastructure, works, and programmes for these three objectives are clearly related, and it would therefore make sense to consider multi-purpose transboundary infrastructure that facilitates all three objectives. It would also make sense to consider incorporating other objectives into the planning of such infrastructure—most namely, hydropower. Such as major endeavour would likely require partnership with a notable financier such as World Bank, AfDB, or China.
Decision Points within issues
While the three bundles would seem to present many no-lose options for consolidation of transboundary instruments (e.g., committee creation, joint research, data exchange), some decisions would likely need to be made. Critical decision points that would be triggered by operationalizing these bundles are as follows:  i) whether navigation would be free or taxed, and if taxed, what system would be followed, ii) the nature of cost sharing to support any infrastructure for the control of floods or aquatic weeds (equally or proportionally divided, side payments, according to benefit or/and accounting for future costs), iii) the type of conflict resolution principle (negotiation, mediation, arbitration, adjudication)  and iv) membership and decision-making rules for joint bodies. 
Of these 4 issues, the choice of navigation regime and the adoption of cost sharing principles are expected to be more contentious than conflict resolution and governance rules for joint bodies. On navigation, Mozambique may prefer the adoption of a tax regime so it can earn revenue from Malawian vessels passing through Mozambican territory, while Malawi would clearly benefit from a free navigation regime. On cost sharing for the construction, maintenance and operation of joint infrastructure or programmes for flood control or weed removal, Malawi may request compensation in the form of side payments for its efforts in alleviating flood and weed infestation risks upstream. 
Operationalization of any system of side payments requires careful thought. Considering the risks aquatic weed infestations pose for the functioning of water treatment plants, hydropower stations, irrigation systems (and as a consequence agricultural production), Malawi has a vested interest in reducing weeds growth. With proposed plans to expand its irrigation potential, Mozambique finds itself in a similar position. 
Decision Points across issues
Interestingly, decision points may also present opportunities for synergy across issues and key pillars around which countries can negotiate (Table 7). It would indeed appear that – due its upstream position - Malawi has more bargaining power on the issue of floods and aquatic weeds. Conversely, Mozambique has more bargaining power on the issue of navigation, as the country will need to endorse and accommodate the passage of Malawian vessels through its territory. As such, scope for deals to be struck could lie through trading across these specific issues. 
	
	Floods
	Weeds
	Navigation

	Bargaining Power Advantage
	Malawi
	Malawi
	Mozambique

	Possible Malawi interest
	Flood control
	Weed removal and control
	Free uninhibited navigation

	Possible Mozambique interest
	Flood early warning and control
	Weed removal and control
	No or taxed navigation


Table 7: negotiating across issues
At least two “deals” would appear to manifest themselves through cross-issue negotiation. A first “deal” involves flood control for navigation. Malawi could assist in reducing flood control downstream and Mozambique could, in return, safeguard river navigability and maintenance in its part of the Shire. A second “deal” involves weed control for navigation. While the control of aquatic weeds in the Shire is in both parties’ interest, it is mostly likely that most weeds originate in Malawi and flow down to Mozambique rather than vice versa. As such, greater control of weeds upstream will benefit Mozambique. In return, Mozambique could allow the navigation of Malawian vessels through its territory. 
A final point worth focus is the comparative potential for progress toward cooperation on three issues. A review of riparian interests reveals greatest alignment on the issue of control of aquatic weeds. While upstream Malawi may have more bargaining power advantage on this issue, there would be a clear and common interest to reduce the proliferation of aquatic weeds in the Shire. As such, control of aquatic weeds may require the least negotiation and therefore hold the most potential for catalysing progress toward cooperation. 
V. Discussion
	The document identified transboundary water issues in the Shire catchment shared between Malawi and Mozambique, reviewed global experience to pinpoint instruments that have been used to cope with such issues in other basins, and synthesized three bundles of options that are tailored to the Shire. A first coordination-oriented form of cooperation would include the establishment of a joint committee that could serve as a platform for data exchange and research on the issues of flooding, aquatic weeds management and rules for navigation. A second, collaboration-oriented form of cooperation would focus on adopting joint flood and weed monitoring practices, and possibly agreement on a joint taxation and maintenance program for navigation. Finally, a third action-oriented form of cooperation would center on the construction, operation and maintenance of joint infrastructural works.
This paper also flagged decision points within and across issues which need to be negotiated to achieve meaningful cooperation. Within issues, potentially contentious points hinge around the nature of a cost sharing regime for navigation and the modalities of cost sharing for any infrastructure or river maintenance programmes. Across issues, key scope for progress may be achieved through finding ways for riparians to satisfy each others’ interests for mutual benefit. For example, upstream Malawi could incorporate downstream Mozambique more concretely into flood planning and management activities, and in return Mozambique could offer concessions to Malawian vessels that wish to navigate from Nsanje to the Indian Ocean (and vice versa). 
More broadly, by proposing a more practical and fit-for-purpose approach to transboundary water cooperation, the paper marks a move away from models commonly rolled out in the developing world. Indeed, institutional development in transboundary basins is often undertaken in collaboration with bilateral aid agencies and development actors, who frequently draw from “textbook” models for water organizations (Merrey, 2009; Soderbaum, 2015). This paper, by contrast, proposes a “bottom-up” process of institutional formation – tailored to the priority issues of one specific basin – in order to help complement the roll-out of more conventional “blueprint” approaches. 
The approach utilized in this paper is believed to be fairly unique.  While other studies (Mostert, 2005; Merrey 2009; Soderbaum, 2015) exist that highlight limitations of exporting blueprint models that are not customised to differences in hydrology, hydrogeology, demography and socio-economics of specific basins, rarely do such studies provide constructive guidance that can be utilized for implementation. Mostert (2005) encourages the donor community to increase public participation and to build upon on-going developments in river basin management; Merrey (2009) called for focus on identifying “African models” of transboundary water governance; Soderbaum (2015) suggested operating through regional economic communities. 
While the just-cited literature provides helpful suggestions for thinking more broadly about institutional development in transboundary basins, the dearth of concrete, issue-responsive guidance for specific basins triggers some questions about whether institutionally-oriented research in transboundary waters may benefit from greater orientation toward the functional.  Indeed, despite the importance of transboundary waters and growing body of literature on the topic, practical realities in many international basins are often marked by quagmire and inaction.  One wonders if an increase in policy-connected research – with clear, constructive options and guidance – may help push some of these processes forward. 
As for specific constructive ways forward in the Shire, the following three recommendations are provided. First, start small. Avoid the temptation for more ambitious cooperation straightaway, and instead begin with low intensity coordinative cooperation that can identify the best opportunity for upscaling. Second, to catalyse cooperation, exploit respective riparian advantages and interests through issue-bundling as appropriate.  Third, and more broadly, utilize adaptive and bottom-up rather than top-down water cooperation. The set of issues identified through consultation in this paper, and set of instruments used to respond to such issues, diverge noticeably from conventional approaches often employed. More effective and sustainable institutions are likely to be those built in response to contextual realities rather than global norms, and contextual realities may be at scales other than the basin. 
In conclusion, it would seem that the proliferation of cooperation at a full-basin scale in recent decades can be associated with an increase in softer, more politicized, and arguably more precarious cooperation—reflected in the number of RBOs struggling to secure riparian funding. It would nonetheless appear that meaningful and “hard” water cooperation occurs at more local scales. To the extent possible, one wonders about the potential for meaningful local water cooperation to trickle up to the basin scale. While ultimately good water management is likely to require harmonization of basin and local developments, it seems the potential to harness and build on momentum at the local level may not be receiving the attention it deserves.  The bottom line here is that there is no generic best approach to balancing scales in transboundary river basin management; recommendations provided immediately above indeed call for adapting to context. That said, the evidence in this paper highlights a potential role and management modalities for transboundary tributary-level water cooperation in the Shire. Issue-responsive local water cooperation may resonate in other basins if modalities are examined there as well.
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Annex A. Institutional Mechanisms for flood control
	
	Mechanisms 
	Treaty Examples

	Coordination & Assistance
	Create a joint committee for flood control
	1952: Convention between the government of the Union of Soviet Socialist Republics and the government of the Romanian People's Republics concerning measures to prevent floods and to regulate the water regime of the River Prut
1953: Exchange of notes constituting an agreement between Her Majesty's government in the United Kingdom of Great Britain and Northern Ireland and the Portuguese government providing for the Portuguese participation in the Shiré Valley Project
1954: Treaty between the Swiss Confederation and the Republic of Austria for the regulation of the Rhine from the mouth of the Ill to Lake Constance
1955: Convention between Italy and Switzerland on the subject of regulation of Lake Lugano and additional protocol
1959: Agreement between the government of the Union of Soviet Socialist Republics, the government of Norway and the government of Finland concerning the regulation of Lake Inari by means of the Kaitakoski hydro-electric power station and dam and additional protocol
1959: Agreement between the government of the United Arab Republic and the government of Sudan for full utilization of the Nile waters;
1960: Indus waters treaty 1960 between the government of India, the government of Pakistan and the International Bank for Reconstruction and Development
1967: Treaty between the Republic of Austria and the Czechoslovak Socialist Republic concerning the regulation of water management questions relating to frontier waters
1970: Improvement of the international flood control works of the lower Rio Grande
1972: Statute of the Indo-Bangladesh Joint Rivers Commission
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle 
1987: Agreement between the Federal Republic of Germany and the European Economic Community, on the one hand, and the Republic of Austria, on the other, on cooperation on managemnet of water resources in the Danube Basin, Regensburg
1994: Agreement between the government of the People's Republic of China and the government of Mongolia on the protection and utilization of transboundary waters
1995: Agreement on the cooperation for the sustainable development of the Mekong River Basin

	
	Exchange of flood related data and information
	1952: Convention between the government of the Union of Soviet Socialist Republics and the government of the Romanian People's Republics concerning measures to prevent floods and to regulate the water regime of the River Prut
1960: Indus waters treaty 1960 between the government of India, the government of Pakistan and the International Bank for Reconstruction and Development
1968: Agreement between the People’s Republic of Bulgaria and the Republic of Turkey concerning cooperation in the use of the waters of rivers flowing through the territory of both countries
1987: Agreement on the action plan for the environmentally sound management of the common Zambesi River System
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle
1988: Exchange of notes between the government of Canada and the government of the United States of America constituting an agreement concerning the construction of a joint ring levee
2010: Multi-Sector Investment Opportunity Analysis for the Zambezi (World Bank)

	
	Undertake joint research on flood management and mitigation
	1953: Exchange of notes constituting an agreement between Her Majesty's government in the United Kingdom of Great Britain and Northern Ireland and the Portuguese government providing for the Portuguese participation in the Shiré Valley Project
1970: Exchange of letters of 15 June 1970 between Switzerland and Italy concerning the management of works on the watercourse of the Breggia on the Italian-Swiss border
1972: Statute of the Indo-Bangladesh Joint Rivers Commission
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle
1994: Agreement between the government of the People's Republic of China and the government of Mongolia on the protection and utilization of transboundary waters
2010: Multi-Sector Investment Opportunity Analysis for the Zambezi (World Bank)

	
	Provide mutual assistance for both emergency operations, medium term and long-term flood control
	1952: Agreement between the government of the Polish Republic and the government of the German Democratic Republic concerning navigation in frontier waters and the use and maintenance of frontier waters, signed at Berlin
1960: Indus waters treaty 1960 between the government of India, the government of Pakistan and the International Bank for Reconstruction and Development
1961: Treaty relating to cooperative development of the water resources of the Columbia River Basin (with annexes) 
1968: Agreement between the People’s Republic of Bulgaria and the Republic of Turkey concerning cooperation in the use of the waters of rivers flowing through the territory of both countries
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle
1988: Exchange of notes between the government of Canada and the government of the United States of America constituting an agreement concerning the construction of a joint ring levee

	
	Agree to prior notification on river development that affects flow regime and influences flood risk
	1952 Convention between the government of the Union of Soviet Socialist Republics and the government of the Romanian People's Republics concerning measures to prevent floods and to regulate the water regime of the River Prut 
1960: Treaty relating to cooperative development of the water resources of the Columbia River Basin (with annexes)
1987: Agreement between the Federal Republic of Germany and the European Economic Community, on the one hand, and the Republic of Austria, on the other, on cooperation on management of water resources in the Danube Basin, Regensburg, 
1988: Exchange of notes between the government of Canada and the government of the United States of America constituting an agreement concerning the construction of a joint ring levee	

	
	Adopt a conflict resolution principle to mitigate disputes caused by transboundary flooding (e.g. negotiation, mediation, arbitration, adjudication)
	1960: Indus waters treaty 1960 between the government of India, the government of Pakistan and the International Bank for Reconstruction and Development
1995: Agreement on the cooperation for the sustainable development of the Mekong River Basin
1954: Treaty between the Swiss Confederation and the Republic of Austria for the regulation of the Rhine from the mouth of the Ill to Lake Constance
1955: Convention between Italy and Switzerland on the subject of regulation of Lake Lugano and additional protocol

	Collaboration
	Develop and implement early flood warning systems and rapid response mechanisms
	1956: Protocol concerning amendments to the Regulations of 24 April 1947 for the regulation of Lake Inari in connexion with the use of the Niskakoski Dam and the Protocol of 29 April 1954 concerning amendments to paragraph 2 of the said Regulations, signed at Oslo
1959: Agreement between the government of the Union of Soviet Socialist Republics, the government of Norway and the government of Finland concerning the regulation of Lake Inari by means of the Kaitakoski hydro-electric power station and dam and additional protocol
1967: Treaty between the Republic of Austria and the Czechoslovak Socialist Republic concerning the regulation of water management questions relating to frontier waters 
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle
1987: Agreement between the Federal Republic of Germany and the European Economic Community, on the one hand, and the Republic of Austria, on the other, on cooperation on managemnet of water resources in the Danube Basin, Regensburg
1995: Agreement on the cooperation for the sustainable development of the Mekong River Basin
2010: Multi-Sector Investment Opportunity Analysis for the Zambezi (World Bank)

	
	Undertake joint monitoring of river flow (and water levels)
	1956: Protocol concerning amendments to the Regulations of 24 April 1947 for the regulation of Lake Inari in connexion with the use of the Niskakoski Dam and the Protocol of 29 April 1954 concerning amendments to paragraph 2 of the said Regulations, signed at Oslo
1960: Indus waters treaty 1960 between the government of India, the government of Pakistan and the International Bank for Reconstruction and Development
1987: Agreement on the action plan for the environmentally sound management of the common Zambesi River System
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle
1994:  Agreement between the government of the People's Republic of China and the government of Mongolia on the protection and utilization of transboundary waters
2010: Multi-Sector Investment Opportunity Analysis for the Zambezi (World Bank

	Joint Action
	Jointly construct, operate and maintain flood control infrastructure based on a suitable cost-sharing principle:
	

	
	a) Proportional division 
     (based upon estimated or   
     previously determined costs        or arranged per jurisdiction)
	1951: Convention between the Swiss Confederation and the Italian Republic concerning the correction of the Roggia Molinara (towns of Chiasso and of Come), concluded at Chiasso
1953: Exchange of notes constituting an agreement between Her Majesty's government in the United Kingdom of Great Britain and Northern Ireland and the Portuguese government providing for the Portuguese participation in the Shiré Valley Project
1954: Treaty between the Swiss Confederation and the Republic of Austria for the regulation of the Rhine from the mouth of the Ill to Lake Constance
Convention between Italy and Switzerland on the subject of regulation of Lake Lugano and additional protocol 
1970: Exchange of letters of 15 June 1970 between Switzerland and Italy concerning the management of works on the watercourse of the Breggia on the Italian-Swiss border
1952 : Convention between the government of the Union of Soviet Socialist Republics and the government of the Romanian People's Republics concerning measures to prevent floods and to regulate the water regime of the River Prut
1952 : Agreement between the government of the Polish Republic and the government of the German Democratic Republic concerning navigation in frontier waters and the use and maintenance of frontier waters, signed at Berlin
1970 : Improvement of the international flood control works of the lower Rio Grande
1986: Exchange of notes constituting an agreement concerning the execution of improvement works on the River Gander at Mondorff (France) and at Mondorf-les-Bains (Luxembourg), Paris

	
	b) Equally divided
	1970 : Improvement of the international flood control works of the lower Rio Grande
1970: Exchange of letters of 15 June 1970 between Switzerland and Italy concerning the management of works on the watercourse of the Breggia on the Italian-Swiss border
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle

	
	c) Side payment
	1961: Treaty relating to cooperative development of the water resources of the Columbia River Basin (with annexes)
1968: Agreement between the People’s Republic of Bulgaria and the Republic of Turkey concerning cooperation in the use of the waters of rivers flowing through the territory of both countries
1988: Exchange of notes between the government of Canada and the government of the United States of America constituting an agreement concerning the construction of a joint ring levee

	
	d) Unforeseen costs
	1951: Convention between the Swiss Confederation and the Italian Republic concerning the correction of the Roggia Molinara (towns of Chiasso and of Come), concluded at Chiasso 
1961: Treaty relating to cooperative development of the water resources of the Columbia River Basin (with annexes) 
1987: Agreement between the government of the French Republic, the government of the Federal Republic of Germany, and the government of the Grand Duchy of Luxembourg on flood warning for the catchment basin of the Moselle

	
	e) Beneficiary pays
	1986: Exchange of notes constituting an agreement concerning the execution of improvement works on the River Gander at Mondorff (France) and at Mondorf-les-Bains (Luxembourg), Paris




Annex B. Institutional Mechanisms for aquatic weed management
	
	Mechanisms
	Number of examples

	Coordination & Assistance
	Form joint committee for water quality / aquatic weed control
	1950: Protocol to establish a tripartite standing committee on polluted waters, signed at Brussels
1961: Protocol between the government of the Federal Republic of Germany, the French Republic and the Grand Duchy of Luxembourg concerning the establishment of an international commission to protect the Moselle against pollution
1961: Protocol concerning the establishment of an international commission to protect the Saar against pollution, signed at Paris 
1972: Agreement on Great Lakes water quality with annexes and attachments, signed at Ottawa 
1972: Convention concerning the protection of Italo-Swiss waters against pollution, signed at Rome
1972: Agreement relating to the establishment of a Canada-United States committee on water quality in the St. John River and its tributary rivers and streams which cross the Canada-United States boundary, with annex 
1976: Convention on the protection of the Rhine against chemical pollution
1977: Agreement concerning the activities of agencies for the control of accidental water pollution by hydrocarbones or other substances capable of contaminating water and recognized as such under the Convention of 16 November 1962 between France and Switzerland
1979: Recommendations for the soluction to the border sanitation problems
1983: Agreement between the United States of America and the United Mexican States on cooperation for the protection and improvement of the environment in the border area 
1987: Agreement between the United Mexican States and the Republic of Guatemala on the protection and improvement of the environment in the border area
1990: Convention on the international commission for the protection of the Elbe
1993: Agreement on joint activities in addressing the Aral Sea and the zone around the Sea crisis, improving the environment, and ensuring the social and economic development of the Aral Sea region
1994: Agreement on the protection of the Meuse
 (example of how all mechanisms are encapsulated in an RBO):
1994: Agreement on the protection of the Scheldt 
1994: Lake Victoria Environmental Management Project for Eastern Africa
1998: Convention on the protection of the Rhine 
2003: The Convention on the Sustainable Management of Lake Tanganyika

	
	Adopt shared standards on water quality/ aquatic weed control 
	1972: Agreement on Great Lakes water quality with annexes and attachments, signed at Ottawa
1976: Convention on the protection of the Rhine against chemical pollution
1978; 1978 agreement between the United States and Canada on Great Lakes water quality
1987: Agreement on the action plan for the environmentally sound management of the common Zambesi River System
1990: Boundary waters: San Diego, California/Tijuana, Baja California. Minute No. 283 of the International Boundary and Water Commission, United States of America and Mexico.
1990: Convention on the international commission for the protection of the Elbe
1991: Additional protocol to the convention on the protection of the Rhine against pollution from chlorides
1998: Agreement between the government of the Republic of Kazakhstan, the government of the Kyrgyz Republic and the government of the Republic of Uzbekistan on cooperation in the area of environment and rational nature use 2002: International treaty for the Meuse
2003: The Convention on the Sustainable Management of Lake Tanganyika

	
	Undertake joint research based on shared water quality data and information 
	1950: Protocol to establish a tripartite standing committee on polluted waters, signed at Brussels
1972: Agreement on Great Lakes water quality with annexes and attachments, signed at Ottawa
1993: Agreement on joint activities in addressing the Aral Sea and the zone around the Sea crisis, improving the environment, and ensuring the social and economic development of the Aral Sea region
1997: Draft agreement on water quality management of Zapadnaya Dvina/Daugava River basin
1998: Agreement between the government of the Republic of Kazakhstan, the government of the Kyrgyz Republic and the government of the Republic of Uzbekistan on cooperation in the area of environment and rational nature use
2003: The Convention on the Sustainable Management of Lake Tanganyika
 (most commissions have a research pillar)

	
	Review water quality control practices and propose improvements as necessary
	1972: Agreement on Great Lakes water quality with annexes and attachments, signed at Ottawa 
1972: Agreement relating to the establishment of a Canada-United States committee on water quality in the St. John River and its tributary rivers and streams which cross the Canada-United States boundary, with annex
1976: Convention on the protection of the Rhine against chemical pollution
1978: Agreement between the United States and Canada on Great Lakes water quality
1985: Agreement of cooperation between the United States of America and the United Mexican States regarding pollution of the environment along the inland international boundary by discharges of hazardous substances
2003: The Convention on the Sustainable Management of Lake Tanganyika

	Collaboration
	Undertake joint monitoring and surveillance of water quality /aquatic weeds infestation
	1972: Agreement on Great Lakes water quality with annexes and attachments, signed at Ottawa
1976: Convention on the protection of the Rhine against pollution by chlorides (with annexes and exchanges of letters dated 1983), concluded at Bonn
1978: 1978 agreement between the United States and Canada on Great Lakes water quality
1990: Agreement between the government of the Land Badenwurttemberg and the Swiss Federal Council concerning the joint construction and operation of a monitoring and control station downstream of Basel to monitor the water quality of the River Rhine
1991: Additional protocol to the convention on the protection of the Rhine against pollution from chlorides
1997: Distribution of construction, operation and maintenance costs for the international wastewater treatment plant constructed under the agreements in Commission Minute NO. 283 for the solution of the border sanitation problem at San Diego, California/Tijuana, Baja California

	
	Develop and Implement joint early warning and response systems to treat water pollution / aquatic weed proliferation
	1976: Convention on the protection of the Rhine against chemical pollution
1977: Agreement concerning the activities of agencies for the control of accidental water pollution by hydrocarbones or other substances capable of contaminating water and recognized as such under the Convention of 16 November 1962 between France and Switzerland
1985: Agreement of cooperation between the United States of America and the United Mexican States regarding pollution of the environment along the inland international boundary by discharges of hazardous substances
1987: Protocol amending the 1978 agreement between the United States of American and Canada on Great Lakes water quality, as amended on 16.10.1983
1990: Convention on the international commission for the protection of the Elbe
1998: Agreement between the government of the Republic of Kazakhstan, the government of the Kyrgyz Republic and the government of the Republic of Uzbekistan on cooperation in the area of environment and rational nature use

	
	Implement Joint Targets for (proposed) water quality control programmes
	1972: Agreement on Great Lakes water quality with annexes and attachments, signed at Ottawa
1972: Agreement relating to the establishment of a Canada-United States committee on water quality in the St. John River and its tributary rivers and streams which cross the Canada-United States boundary, with annex 
1976: Convention on the protection of the Rhine against chemical pollution

	Joint Action
	Implement water quality/ aquatic weed control and treatment programmes based on:
	


	
	     Cost-sharing and side payments: 
	1961: Protocol between the government of the Federal Republic of Germany, the French Republic and the Grand Duchy of Luxembourg concerning the establishment of an international commission to protect the Moselle against pollution
1971: Exchange of letters constituting an agreement between France and Switzerland on the implementation of the convention of 16 November 1962, concerning protection of the waters of Lake Geneva against pollution
1972: Convention concerning the protection of Italo-Swiss waters against pollution, signed at Rome
1977: Agreement concerning the activities of agencies for the control of accidental water pollution by hydrocarbones or other substances capable of contaminating water and recognized as such under the Convention of 16 November 1962 between France and Switzerland
1978: 1978 agreement between the United States and Canada on Great Lakes water quality 
1980: Convention between the Kingdom of Belgium and the Grand-Duchy of Luxembourg on the subject of the water of the Sûre
1987: Agreement between the United Mexican States and the Republic of Guatemala on the protection and improvement of the environment in the border area
1991: Additional protocol to the convention on the protection of the Rhine against pollution from chlorides
1998: Convention on the protection of the Rhine
2002: International treaty for the Meuse



	
	     Other Financial arrangements
	1972: Agreement on Great Lakes water quality with annexes and attachments, signed at Ottawa
1973: Mexico-US agreement on the permanent and definitive solution to the salinity of the Colorado River Basin (International Boundary and Water Commission Minute No. 242)
1994: Convention for the establishment of the Lake Victoria Fisheries Organization with annex and final act
1997: Distribution of construction, operation and maintenance costs for the international wastewater treatment plant constructed under the agreements in Commission Minute NO. 283 for the solution of the border sanitation problem at San Diego, California/Tijuana, Baja California
1998: Convention on the protection of the Rhine
2003: The Convention on the Sustainable Management of Lake Tanganyika
 1998: Uganda-Egypt Aquatic Weed Control Project





Annex C. Institutional mechanisms for navigation
	
	Mechanisms
	Number of Examples

	Coordination and Assistance
	Adoption of freedom of navigation
	1952: Agreement between the government of the Polish Republic and the government of the German Democratic Republic concerning navigation in frontier waters and the use and maintenance of frontier waters, signed at Berlin
1978: Convention relating to the status of the River Gambia
1995: Agreement on the cooperation for the sustainable development of the Mekong River Basin
2002: Framework Agreement on the Sava River Basin
2003:Convention on the sustainable management of Lake Tanganyika
2007:  Convention on the status of the Volta River and the Establishment of Volta Basin Authority
1964: Convention Relating to the Statute of the Senegal River. Dakar, 7 February, 1964

	
	Adoption of uniform navigation rules and regulations
	1952 : Agreement between the government of the Polish Republic and the government of the German Democratic Republic concerning navigation in frontier waters and the use and maintenance of frontier waters, signed at Berlin
1968 : Agreement between the government of the Czechoslovak Socialist Republic and the government of the Hungarian People's Republic concerning the establishment of a river administration in the Rajka-Gönyü sector of the Danube
1975: Statute of the river Uruguay, signed at Salto 
1978 : Convention relating to the status of the River Gambia
2002: Framework Agreement on the Sava River Basin
1964: Convention Relating to the Statute of the Senegal River. Dakar, 7 February, 1964

	
	Create joint navigation committee
	1963: Exchange of notes constituting an agreement between Brazil and Uruguay establishing a joint commission for the development of the Mirim Lagoon 
1967: Treaty between the Republic of Austria and the Czechoslovak Socialist Republic concerning the regulation of water management questions relating to frontier waters
1968: Agreement between the government of the Czechoslovak Socialist Republic and the government of the Hungarian People's Republic concerning the establishment of a river administration in the Rajka-Gönyü sector of the Danube
1975:  Statute of the river Uruguay, signed at Salto 
1964: Convention Relating to the Statute of the Senegal River. Dakar, 7 February, 1964

	
	Adopt conflict resolution principle to settle disputes caused by navigation
	1976 :Agreement between the government of the Federal Republic of Germany and the government of the Grand Duchy of Luxembourg concerning the maintenance, restoration and operation of the section of the Moselle common to the two states
1978 : Convention relating to the status of the River Gambia
1952 : Agreement between the government of the Polish Republic and the government of the German Democratic Republic concerning navigation in frontier waters and the use and maintenance of frontier waters, signed at Berlin
1975: Statute of the river Uruguay, signed at Salto
1996 : Convention concerning the collection, storage, and discharge of waste from ships navigating along the Rhine and other inland waters
2003 : Convention on the sustainable management of Lake Tanganyika

	Collaboration
	Jointly maintain river navigability
	1952 : Agreement between the government of the Polish Republic and the government of the German Democratic Republic concerning navigation in frontier waters and the use and maintenance of frontier waters, signed at Berlin
1968 : Agreement between the government of the Czechoslovak Socialist Republic and the government of the Hungarian People's Republic concerning the establishment of a river administration in the Rajka-Gönyü sector of the Danube
1975 :  Statute of the river Uruguay, signed at Salto 
1976 : Agreement between the government of the Federal Republic of Germany and the government of the Grand Duchy of Luxembourg concerning the maintenance, restoration and operation of the section of the Moselle common to the two states 
1978 : Convention relating to the status of the River Gambia
1995 : Agreement on the cooperation for the sustainable development of the Mekong River Basin
2002 : Framework Agreement on the Sava River Basin
1964 : Convention Relating to the Statute of the Senegal River. Dakar, 7 February, 1964

	
	Apply a mutual tax regime
	1967: Treaty between the Republic of Austria and the Czechoslovak Socialist Republic concerning the regulation of water management questions relating to frontier waters
1968:Agreement between the government of the Czechoslovak Socialist Republic and the government of the Hungarian People's Republic concerning the establishment of a river administration in the Rajka-Gönyü sector of the Danube
1978: Convention relating to the status of the River Gambia
1982: Convention between the French Republic and the Kingdom of Belgium concerning improvement of the common River Lys between Deulemont and Menin [alt. Menen]
1964:  Convention Relating to the Statute of the Senegal River. Dakar, 7 February, 1964

	Joint Action
	Undertake navigation works based on cost sharing
	1976:Agreement between the government of the Federal Republic of Germany and the government of the Grand Duchy of Luxembourg concerning the maintenance, restoration and operation of the section of the Moselle common to the two states
1982:Convention between the French Republic and the Kingdom of Belgium concerning improvement of the common River Lys between Deulemont and Menin [alt. Menen]
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