
 

  

Global Wetland Outlook: 
Technical Note on Drivers 
of Change  
The Drivers of Change section of the Global Wetland Outlook (GWO) discusses the three 

main drivers of wetland change: direct drivers, indirect drivers and global megatrends. 

Direct drivers create biophysical change in wetlands through, for example, land use and 

pollution. Indirect drivers are processes in society that create the direct drivers, while 

global megatrends influence the indirect drivers. Effective wetland conservation and 

wise use requires a sound understanding of the drivers of wetland change so that the 

root causes of wetland loss and degradation can be addressed. This Technical Note 

provides further information on:  

 methods used for soliciting expert views on the drivers of change in wetlands; 

 additional figures and data sources; 

 examples of drivers wetland degradation and destruction; 

 references on drivers of change (more comprehensive than the list used in the 

GWO). 
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The GWO, which is the Ramsar Convention’s flagship 

publication, reports on the status and trends of the 

world’s wetlands. The Contracting Parties requested the 

GWO in Ramsar Resolution XII.5, which called upon the 

Convention’s Scientific and Technical Review Panel 

(STRP) to update and expand upon Ramsar Briefing 

Note 7, State of the World’s Wetlands and their Services 

to People: A Compilation of Recent Analyses. The 

Standing Committee subsequently identified this task as 

among the STRP’s highest priorities.  
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methodology or analysis supporting findings 

published in the GWO. They also provide supplemental 
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1. Methods used for soliciting expert views on the drivers of change in wetlands (Tables 3.1 and 3.2) 
 
Tables 3.1 and 3.2 in the GWO were constructed using the hierarchical structure for direct and indirect drivers  
and their influence on wetland types as distinguished in the Ramsar classification.  
 
Direct drivers were classified using four categories:  
 physical regime drivers 
 introduction drivers 
 extraction drivers 
 structural change drivers  
 
Indirect drivers were categorized according to four sectors of economic development:  
 water-energy  
 food and fibre  
 infrastructure  
 tourism and recreation   
 
The localised effect of climate change was added as another category of indirect drivers. As a result, Table 3.1 
shows the extent of the impact of direct drivers of change on different wetland types, and Table 3.2 shows the 
impact of indirect drivers of change on the four categories of direct drivers.  
 
A qualitative approach was used to evaluate the significance of these drivers. The “likely extent of impact  
scores” of the drivers were indicated using color codes with the following interpretation: 
 Red: major influence of global distribution/significance 
 Orange: significant influence of regional to global distribution/significance 
 Tan: other known significant drivers of change, extent local or not known  
 
In Table 3.1, small circles indicate drivers that can lead to the total destruction of these wetlands. Another 
interpretation could be that these drivers lead to irreversible degradation and so contribute to the eventual 
destruction of these wetlands. The color differences in the table cells primarily give an indication of the global 
spread of these effects. They do not express the severity of the impact.  
 
The overall approach was discussed initially with a small group of participants in STRP20 in February 2017, and 
then the scoring for the various combinations of direct drivers-wetland types (Table 3.1) and indirect-direct 
drivers (Table 3.2) was done in two sessions with a larger group (appr. 15 participants), also at STRP20. The 
resulting tables were described, and the emerging patterns were elaborated. Subsequently, the Tables, as part of 
the review process of the draft report, received comments from STRP National Focal Points (First Order Draft) 
and from anonymous reviewers (Second Order Draft).  
 
Although the Tables are not a quantitative or an exact measure of the impact of drivers of change on wetlands, 
they do help in understanding and creating awareness about the relative scale of impact of some drivers and 
about the influence and importance of some drivers for specific wetland types.  

Photo: A.A. van Dam 
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2. Additional figures and data sources 
 
2.1. Dam capacity (Dam capacity in km3 of water potentially held in each of the six Ramsar regions)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A. Dam capacity (in km3 of water potentially held) in each of the 6 Ramsar regions. Source: FAO–AquaStat Dams 
Database. http://www.fao.org/nr/water/aquastat/dams/index.stm 
 
The data for Figure A is from the AquaStat main database, FAO's global water information system (FAO 2014). 
Data were found under “Water resources”, then “Exploitable water resources and dam capacity”, and then 
“Total dam capacity”. AquaStat contains data, metadata, reports, country profiles, river basin profiles, regional 
analyses, maps, tables, spatial data, guidelines, and other tools on water resources, water use, wastewater, 
irrigation, dams, and water-related institutions, policies and legislation. The time period covered is from around 
1960 until present. 
 
Besides the main database, there is more information under the GRanD (Global Reservoirs and Dams database), 
a database in which more detailed information and data about dams can be found in files organized around 
continents (Lehner et al. 2011). There are both geo-referenced datasheets and files with notes and references. 
Information about dams includes for example the administrative unit, river basin and nearest city, dam height, if 
the dam is used for irrigation, etc.  
 
 FAO. (2014). Understanding AQUASTAT, FAO’S global water information system. Information note. Rome: 

Food and Agriculture Organization of the United Nations. Retrieved from: http://www.fao.org/nr/water/
aquastat/About_us/index.stm 

 Lehner, B., Liermann, C.R., Revenga, C., Vörösmarty, C., Fekete, B., et al. (2011). High‐resolution mapping of 
the world’s reservoirs and dams for sustainable river‐flow management. Frontiers in Ecology and the 
Environment, 9(9), 494-502. 

 
 
 
 
 
 
 
 
 
 

http://www.fao.org/nr/water/aquastat/dams/index.stm
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2.2. Inland fisheries (Inland fish catch 1950-2015, excluding reptiles and mammals) 

Figure B. Inland fish catch 1950–2015, excluding reptiles and mammals. Source: FAO Fishstat database. http://www.fao.org/
fishery/statistics/global-capture-production/en. 
 
The data reported in the database are “nominal catches”, which are landings converted to a live weight basis. 
Often these are the same as the landings, but in some fisheries the landings are processed on board (e.g., gutted 
or filleted), and therefore the landings need to be corrected to represent the actual catch. For more details on 
the origin of the data, see the FAO website.  
 
After entering the URL http://www.fao.org/fishery/statistics/global-capture-production/en, the following 
procedure was used. Under “Available Formats & Information Products”, the following were selected: 
 
 Dataset, Global Capture Production (online query) 
 Tab “Fishing Area” 
 Under “inland waters”, one region was selected at a time 
 Submit 
 Export (this creates a csv-file with the capture data) 
  
The resulting csv-files were imported into an Excel sheet and organized for the production of the graph. This 
procedure was repeated for each region. 
 
Inland fisheries are often small-scale or recreational and part of household activities, and the catch is mostly 
consumed locally. Unlike in marine fisheries, there is little by-catch or discards. Because of the wide variety of 
inland aquatic systems (rivers and streams, lakes, reservoirs, wetlands) and aquatic species, inland fisheries are 
very diverse. They represent an important contribution to livelihoods, protein nutrition and food security, 
particularly of lower-income groups (Meusch et al. 2003). A lot of the catch is not recorded properly because of 
the small-scale nature of the fisheries and because a large part of the catch is directly sold or consumed locally 
(Welcomme et al. 2010). FAO acknowledges that the inland fisheries capture statistics are likely 
underestimations of the real catch, by as much as 50% (FAO 2016). 
 
 

http://www.fao.org/fishery/statistics/global-capture-production/en
http://www.fao.org/fishery/statistics/global-capture-production/en
http://www.fao.org/fishery/statistics/global-capture-production/en
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 FAO. (2016). The State of World Fisheries and Aquaculture 2016: Contributing to food security and nutrition 
for all. Rome: Food and Agriculture Organization of the United Nations. 

 Meusch, E., Yhoung-Aree, J., Friend, R. & Funge-Smith, S. (2003). The role and nutritional value of aquatic 
resources in the livelihoods of rural people: A participatory assessment in Attapeu Province, Lao PDR. 

 Welcomme, R.L., Cowx, I.G., Coates, D., Béné, C., Funge-Smith, S., et al. (2010). Inland capture fisheries. 
Philosophical Transactions of the Royal Society of London B: Biological Sciences, 365(1554), 2881-2896. 

2.3. Fertilizer use (Trends in mineral fertilizer (nitrogen and phosphorus) use from 1961 to 2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C. Trends in mineral fertilizer (nitrogen and phosphorus) use from 1961 to 2014.  Figure based on combined data on 
agricultural inputs (Fertilizers 2002-2014 and Fertilizers Archive 1961-2001) from FAOSTAT (http://www.fao.org/faostat/en/
#data). 
 
The Figure is based on combined data on agricultural inputs (Fertilizers 2002-2014 and Fertilizers Archive 1961-
2001) from FAOSTAT (http://www.fao.org/faostat/en/#data/RFN). 
 

http://www.fao.org/faostat/en/#data
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3. Additional examples of drivers of wetland destruction or degradation 
 
3.1. Climate change as a driver of change in wetlands (with an example of saltwater intrusion into 
coastal areas) 
 
In the context of drivers of change in wetlands, climate change presents considerable challenges conceptually, as 
well as in terms of identification and evaluation. Wetlands are particularly vulnerable to climate change because 
it directly affects some of the main physical determinants of wetland ecosystems (temperature, water) and 
because climate change leads to extreme events that affect wetlands (e.g., droughts, floods, fires) (Finlayson 
2017; Finlayson et al. 2017; Moomaw et al. 2018). In the conceptual scheme used in the GWO drivers chapter, 
climate change fits in every category of drivers: direct, indirect and megatrend. Climate variability is generally 
seen as a natural driver of change, whereas climate change is considered a human-induced driver (MEA 2005). 
Increases in temperature and changes in precipitation patterns as a result of climate change are direct drivers of 
change that affect the processes and species in wetlands. Indirectly, decision-making in response to climate 
change also creates impacts to wetlands, e.g., when construction of hard infrastructure in a river basin to reduce 
flood risk interferes with water flows to wetlands. At the megatrend level, climate change also influences 
wetlands, e.g., when in attempts to reduce carbon emissions from fossil fuels, countries increase their 
investments in hydropower and dam construction (which can affect water flows to wetlands) or biofuel 
production (which can lead to conversion of wetlands).  
 
Saltwater intrusion (displacement of the fresh-salt interface in coastal aquifers towards the land) can serve as an 
example of the complex problems resulting from climate change. Many coastal wetlands suffer from increasing 
saltwater intrusion, in the form of saltwater penetration into estuaries. The drivers of this process are multiple: it 
can happen through natural causes such as storm surges, hurricanes, and land subsidence, but there are also 
anthropogenic causes such as land drainage, water abstraction for cities or agriculture, and changes in river 
discharge (e.g., from dam construction or upstream water abstraction). All these drivers are working on different 
spatial and temporal scales, and can interact with, and reinforce each other (Herbert et al. 2015; White & Kaplan 
2017). 
 
Climate change has an impact on almost all of these drivers, whether natural or anthropogenic. It leads to more 
extreme events (storms, hurricanes) and to sea level rise. Many areas will experience drought, which will reduce 
river discharge and allow more saltwater intrusion. Sediment accretion is affected strongly by all these processes 
and may lead to some coastal wetland types (particularly wet forests) not being able to keep up with sea level 
rise. Human activities in the coastal zone and in the river basin often lead to reduced freshwater supply to the 
coastal wetlands, further exacerbating the problem of saltwater intrusion. Behind the water and land use changes 
is a network of indirect drivers (actors, policies, institutions and decision-making processes) that needs to be 
understood and become part of the search for sustainable restoration solutions. To address the problem, a 
thorough analysis of the underlying processes is needed for every specific case. When coastal aquifers are 
transboundary, international cooperation is needed. 
 
 Finlayson, C.M. (2017). Climate change and wetlands. In C.M. Finlayson, M. Everard, K. Irvine, R.J. McInnes, 

B.A. Middleton, et al. (eds) The Wetland Book. Springer. 
 Finlayson, C.M., Capon, S.J., Rissik, D., Pittock, J., Fisk, G., et al. (2017). Adapting policy and management for 

the conservation of important wetlands under a changing climate. Marine and Freshwater Research, 68, 
1803-1815. 

 Herbert, E.R., Boon, P., Burgin, A.J., Neubauer, S.C., Franklin, R.B., et al. (2015). A global perspective on 
wetland salinization: ecological consequences of a growing threat to freshwater wetlands. Ecosphere, 6(10), 
1-43. 

 Millennium Ecosystem Assessment (MEA). (2005). Ecosystems and human well-being: wetlands and water: 
synthesis. Washington, DC: World Resources Institute. 

 Moomaw, W.R., Chmura, G.L., Davies, G.T., Finlayson, C.M., Middleton, B.A., et al. (2018). The relationship 
between wetlands and a changing climate: science, policy and management. Wetlands. doi: 10.1007/s13157-
018-1023-8. 

 White, E. & Kaplan, D. (2017). Restore or retreat? Saltwater intrusion and water management in coastal 
wetlands. Ecosystem Health and Sustainability 3(1), e01258. 
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3.2. Food security policy and agricultural development as drivers of degradation in African wetlands  
 
Riverine and lacustrine wetlands throughout eastern and southern Africa are used for seasonal agriculture. Many 
of these are papyrus wetlands (dominated by the sedge Cyperus papyrus), but other vegetation types also occur. 
Generally these wetlands are under considerable pressure from economic and agricultural development and 
urbanization (van Dam et al. 2014; Beuel et al. 2016; Kipkemboi & van Dam 2018). These wetlands are a common 
part of the landscape for many people in eastern and southern Africa, suggesting that they do not need 
protection. However, because of their range of ecosystem services they are of high ecological and economic 
importance, and their widespread degradation and destruction are a concern. Traditionally, agriculture in the 
seasonally flooded zones of these wetlands would support riparian communities and be part of a mixed 
livelihood strategy that, next to wetland agriculture, consisted of several activities including fishing, vegetation 
harvesting, and other types of formal and informal employment (Kipkemboi et al. 2007). In this seasonal system, 
agriculture takes place in the dry season, during which the aboveground vegetation is removed and other crops 
are planted (e.g., maize, arrowroots or vegetables). During the rainy season these areas flood again, and fast-
growing natural vegetation can regenerate from the rhizomes and roots that remained intact during the 
cropping season. This relatively low-intensity, seasonal cropping system would allow the wetland vegetation and 
its biodiversity and ecosystem services to remain intact (van Dam et al. 2014).  
 
With growing populations, the need for higher food production increases. This leads to more permanent 
drainage measures, which allow for year-round culture in these wetlands. As a result, some wetlands see a 
continuous decline in the area covered by original wetland vegetation (e.g., Namatala wetland Uganda; 
Namaalwa et al. 2013). Traditionally, the annual cycle of dry and wet conditions played a large role in the 
seasonal use of wetlands because during the dry season wetlands are accessible and more vulnerable to 
exploitation. When flooded, human activity declines, and the natural ecosystem can recover. In many places, 
permanent changes to the seasonal wetlands are made to prevent flooding and enhance drainage. This allows 
for more permanent and more intensive cultivation. Consequently, these drained wetlands can lose their 
wetland character as they are cut off from the annual cycle of flooding and drying. In the long run, this has 
consequences for the supply of nutrients and sediment to these wetlands, and farmers often observe a decline 
in yields. Where in the traditional system the use of fertilizers was rare, in these drained wetlands there is a need 
for external nutrient input to maintain yields (Namaalwa et al. 2013; Uwimana et al. 2018). 
 
Summarizing, a number of interacting drivers operating at different scale levels can be observed in this example 
(van Dam et al. 2013). Population growth and the need to produce food and support livelihoods drive the 
intensification of agriculture, sometimes helped by infrastructural developments for flood prevention and 
government policies for food security and agricultural development. This intensification leads to the year-round 
cultivation of wetlands, which causes a disruption of the natural inflow of nutrients that supported agriculture. 
The ensuing import of nutrients in the form of artificial fertilizers leads to more nutrient export from wetlands, 
which increases the risk of eutrophication in downstream water bodies. Other ecosystem services of the 
wetlands, which used to be (at least partly) restored during the wet season, are also lost. 
 
 Beuel, S., Alvarez, M., Amler, E., Behn, K., Kotze, D., et al. (2016). A rapid assessment of anthropogenic 

disturbances in East African wetlands. Ecological Indicators, 67, 684-692.  
 Kipkemboi, J., van Dam, A.A.,Ikiara, M.M. & Denny, P. (2007). Integration of smallholder wetland 

aquaculture-agriculture systems (Fingerponds) into riparian farming systems at the shores of Lake Victoria, 
Kenya: socio-economics and livelihoods. The Geographical  Journal 173, 257–272. 

 Kipkemboi, J. & van Dam, A.A. (2018). Papyrus wetlands. In C.M. Finlayson, G.R. Milton, R.C. Prentice & N.C. 
Davidson (eds.) The Wetland Book Vol. II: Distribution, Description and Conservation. Dordrecht (The 
Netherlands): Springer. doi:10.1007/978-94-007-6173-5_218-1. 

 Namaalwa, S., van Dam, A.A., Funk, A., Ajie, G.S., & Kaggwa, R.S. (2013) A characterization of the drivers, 
pressures, ecosystem functions and services of Namatala wetland, Uganda. Environmental Science and 
Policy, 34, 44-57. 

 Uwimana, A., van Dam, A.A., Gettel, G.M. & Irvine, K. (2018). Effects of agricultural land use on sediment and 
nutrient retention in valley-bottom wetlands of Migina catchment, southern Rwanda. Journal of 
Environmental Management, https://doi.org/10.1016/j.envman.2018.04.094 (accepted). 

 van Dam, A.A., Kipkemboi, J., Rahman, M.M. & Gettel, G.M. (2013). Linking hydrology, ecosystem function, 
and livelihood outcomes in African papyrus wetlands using a Bayesian Network model. Wetlands, 33, 381‐
397. doi:10.1007/s13157‐ 013‐0395‐z.  
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 van Dam, A.A., Kipkemboi, J., Mazvimavi, D. & Irvine, K. (2014). A synthesis of past, current and future 
research for protection and management of papyrus (Cyperus papyrus L.) wetlands in Africa. Wetlands 
Ecology and Management, 22, 99–114. doi:10.1007/s11273‐013‐9335‐1.  

 van Dam, A.A. & Kipkemboi, J. (2018). Sustainable use of papyrus (Lake Victoria wetlands, Kenya). In N.C. 
Davidson, B. Middleton, R. McInnes, M. Everard, K. Irvine, A.A. van Dam & C.M. Finlayson (eds) The Wetland 
Book Vol. 1: Wetland structure and function, management, and methods. Dordrecht (The Netherlands): 
Springer.  

 
3.3. The complexity and interactions of indirect drivers of degradation of a protected freshwater lake 
(Burdur Lake, Turkey)  
 
Burdur Lake is a Ramsar site in the Mediterranean region of Turkey. This 20,000 ha tectonic lake is a major 
wintering site for the endangered white-headed duck (Oxyura leucocephala). It is located in a closed basin and 
receives water from a number of rivers and underground water sources. Due to water abstraction in the basin for 
irrigation and drinking water and dam construction in the rivers, the water level in the lake has been declining 
since the 1970s, leading to increased salinity in the lake. In addition, eutrophication is a problem as a result of the 
discharge of untreated municipal and industrial wastewater and the use of fertilizers in the lake basin.  
In an analysis of the causes of ecosystem degradation in Burdur Lake, based on a study involving stakeholder 
interviews and focus group discussions, Adaman et al. (2009) list a number of interrelated causes. It is easy to 
understand the direct drivers of change: the modifications of water supply to the lake and the pollution with 
agricultural runoff and wastewater. However, the indirect drivers underlying these direct causes are more 
difficult to identify and understand. In this case, the protected status of the lake (besides being a Ramsar site 
since 1994, the lake also has designations as ‘Wetland Birds and Wildlife Protection Area’ and ‘Protected Area of 
First Degree Importance’, and the basin is a ‘Wildlife Development Zone’) does not guarantee adequate 
management and protection.  
 
A number of reasons for the disconnection between protected status and observed trends are explored by 
Adaman et al. (2009).  
 
At the national level, the ‘modernist’ approach of the national government emphasizes economic development 
(e.g., in the form of dam construction and industrialization) with marginal attention paid to the environmental 
effects of development projects. Despite the existence of environmental agencies and legislation, a strong patron
-client dynamic was identified in the relationships between state and lower levels of government, which led to 
one-sided attention for particular interests. This resulted in, for example, construction of a large number of illegal 
wells in the basin. In general, local implementation of the international and national legislation was not effective 
owing to cumbersome bureaucratic procedures and inertia and alienation among the local population. Direct 
dependence on the lake among the communities diminished over time, and this was reinforced by the on-going 
degradation of the lake. There was a lack of organisation among conservationists, while the business community 
was more effective in advocating its own interests. The strong ‘hard-park’ policy of the government created 
resistance among sectors such as farmers and entrepreneurs, who felt that restrictions on farming or business 
development were too strong.  
 
This example illustrates the complex, multi-scale nature of the indirect drivers and their many interactions, and 
the importance of good governance. Besides the more obvious cause-effect relationships between human action 
and impact on the ecosystem, it involves (power) relationships between people and their organizations, learning 
and knowledge of obvious and less obvious ecosystem services, different perceptions of reality, and the 
willingness among different groups of stakeholders to develop an understanding for each other’s interests and 
values. Addressing these underlying causes requires long-term, concerted efforts at different levels of 
governance. 
 
 Adaman, F., Hakyemez, S. & Özkaynak, B. (2009). The political ecology of a Ramsar Site conservation failure: 

the case of Burdur Lake, Turkey. Environment and Planning C: Government and Policy, 27(5), 783-800.  
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4. Additional references (used to inform the GWO; organized by driver category). 
 
Physical regime (water, sediment, salinity, temperature) 
 Acreman, M.C., Fisher, J., Stratford, C.J., Mould, D.J. & Mountford, J.O. (2007). Hydrological science and 

wetland restoration: some case studies from Europe. Hydrology and Earth System Sciences Discussions, 11
(1), 158‐169.  

 Chen, W., Chen, K., Kuang, C., Zhu, D. Z., He, L., et al. (2016). Influence of sea level rise on saline water 
intrusion in the Yangtze River Estuary, China. Applied Ocean Research, 54, 12‐25.  

 Chuang, Y., Yang, H. & Lin, H. (2009). Effects of thermal discharge from a nuclear power plant on 
phytoplankton and periphyton in sub‐tropical coastal waters. Journal of Sea Research, 61, 197‐205.  

 de Fouw, J., Govers, L. L., van de Koppel, J., van Belzen, J., Dorigo, W., et al. (2016). Drought, mutualism 
breakdown, and landscape‐scale degradation of seagrass beds. Current Biology, 26(8), 1051‐1056.  

 De Guenni, L.B., Cardoso, M., Goldammer, J., Hur , G., Mata, L.J., et al. (2005). Regulation of Natural Hazards: 
Floods and Fires. In Millennium Ecosystem Assessment. Ecosystems and Human Well‐being: Current State 
and Trends, 441‐454. Retrieved from http://www.unep.org/maweb/documents/document.285.aspx.pdf   

 FAO–AquaStat Dams Database. http://www.fao.org/nr/water/aquastat/dams/index.stm 
 Furby, K.A., Bouwmeester, J. & Berumen, M.L. (2013). Susceptibility of central Red Sea corals during a major 

bleaching event. Coral Reefs, 32(2), 505‐513. 
 Gera, A., Pagès, J.F., Arthur, R., Farina, S., Roca, G., et al. (2014). The effect of a centenary storm on the long‐

lived seagrass Posidonia oceanica. Limnology and Oceanography, 59(6), 1910‐1918. 
 Hanley, M.E., Hoggart, S.P.G., Simmonds, D.J., Bichot, A., Colangelo, M.A., et al. (2014). Shifting sands? 

Coastal protection by sand banks, beaches and dunes. Coastal Engineering, 87, 136‐146. 
 Harrison, I.J. & Stiassny, M.L.J. (1999). The quiet crisis. In R.D.E. MacPhee & H.D. Sues (eds.) Extinctions in 

near time: causes, contexts and consequences. New York: Kluwer Academic/Plenum Publishers. 
 Herbert, E.R., Boon, P., Burgin, A.J., Neubauer, S.C., Franklin, R.B., et al. (2015). A global perspective on 

wetland salinization: ecological consequences of a growing threat to freshwater wetlands. Ecosphere, 6(10), 
1‐43.  

 Middleton, B.A. & Souter, N. (2016). Functional integrity of wetlands, hydrologic alteration and freshwater 
availability. ESA Ecosystem Health and Sustainability, 2(1). Retrieved from http://onlinelibrary.wiley.com/
doi/10.1002/ehs2.1200/epdf. 

 Nilsson, C., Reidy, C.A., Dynesius, M. & Revenga, C. (2005). Fragmentation and flow regulation of the world’s 
large river systems. Science, 308(5720), 405‐408. 

 NOAA. (2016). Extended reconstructed sea surface temperature (ERSST.v4). National Centers for 
Environmental Information, National Oceanic and Atmospheric Administration. www.ncdc.noaa.gov/data‐
access/marineocean‐data/extended‐reconstructed‐sea‐surface‐temperature‐ersst. 

 Sabo, J.K., Ruhi, A., Holtgrieve, G.W., Ellio , V., Arias, M.E., et al. (2017). Designing river flows to improve food 
security futures in the Lower Mekong Basin. Science, 358, 1‐11. 

 Teixeira, T.P., Neves, L.M. & Araujo F.G. (2009). Effects of nuclear power plant thermal discharge on habitat 
complexity and fish community structure in Ilha Grande Bay, Brazil. Marine Environmental Research, 68, 188‐
195.  

 Victor, S., Neth, L., Golbuu, Y., Wolanski, E. & Richmond, R.H. (2006). Sedimentation in mangroves and coral 
reefs in a wet tropical island, Pohnpei, Micronesia. Estuarine, Coastal and Shelf Science, 66(3), 409‐416.  

 Werner, A.D., Bakker, M., Post, V.E., Vandenbohede, A., Lu, C., et al. (2013). Seawater intrusion processes, 
investigation and management: recent advances and future challenges. Advances in Water Resources, 51, 3‐
26.  

 White, E. & Kaplan, D. (2017). Restore or retreat? Saltwater intrusion and water management in coastal 
wetlands. Ecosystem Health and Sustainability 3(1), e01258. doi:10.1002/ehs2.1258  

 Yang, W., Sun, T. & Yang, Z. (2016). Does the implementation of environmental flows improve wetland 
ecosystem services and biodiversity? A literature review. Restoration Ecology, 24(6), 731‐742.  

 Zarfl, C., Lumsdon, A.E., Berlekamp, J., Tydecks, L. & Tockner, K. (2014). A global boom in hydropower dam 
construction. Aquatic Sciences, 77(1), 161‐170. 
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Extraction (water, biota, soil and peat) 
 Bartley, D.M., De Graaf, G.J., Valbo‐Jørgensen, J. & Marmulla, G. (2015). Inland capture fisheries: status and 

data issues. Fisheries Management and Ecology, 22, 71‐77.  
 Bruckner, A.W. (2005). The importance of the marine ornamental reef fish trade in the wider Caribbean. 

Revista de Biología Tropical, 53, 127‐137.  
 Bush, E.R., Short, R.E., Milner‐Gulland, E.J., Lennox, K., Samoilys, M. & Hill, N. (2017). Mosquito net use in an 

artisanal East African fishery. Conservation Letters, 10(4), 451‐459.  
 FAO Fishstat database. http://www.fao.org/fishery/statistics/global‐capture‐production/en. 
 FAO. (2016). The state of world fisheries and aquaculture 2016: Contributing to food security and nutrition 

for all. Rome: Food and Agriculture Organization of the United Nations. 
 FAOSTAT. http://www.fao.org/faostat/en/#data. 
 Kirby, M.X. (2004). Fishing down the coast: historical expansion and collapse of oyster fisheries along 

continental margins. Proceedings of the National Academy of Sciences of the United States of America, 101
(35), 13096‐13099. 

 Locky, D.A. & Bayley, S.E. (2007). Effects of logging in the southern boreal peatlands of Manitoba, Canada. 
Canadian Journal of Forest Research, 37(3), 649‐661. 

 Lotze, H.K. (2007). Rise and fall of fishing and marine resource use in the Wadden Sea, southern North Sea. 
Fisheries Research, 87, 208‐218. 

 McIntyre, P., Reidy Liermann, C.A. & Revenga, C. (2016). Linking freshwater fishery management to global 
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 Mostert, E., Pahl‐Wostl, C., Rees, Y., Searle, B., Tàbara, D. & Tippe , J. (2007). Social learning in European river
‐ basin management: barriers and fostering mechanisms from 10 river basins. Ecology and Society, 12(1), 19.  

 Pahl‐Wostl, C. (2009). A conceptual framework for analysing adaptive capacity and multi‐level learning 
processes in resource governance regimes. Global Environmental Change, 19(3), 354‐365.  

 Swiss Agency for Development and Cooperation. (2017). Innovative and community‐based sustainable water 
management. https://public.wmo.int/en/resources/bulletin/innovative‐and‐community‐based‐sustainable‐
water‐management.  

 Termeer, C. J. A. M., Dewulf, A. & van Lieshout, M. (2010). Disentangling scale approaches in governance 
research: comparing monocentric, multilevel, and adaptive governance. Ecology and Society, 15(4), 29. 
Retrieved from http://www.ecologyandsociety.org/vol15/iss4/art29/. 

 
Models 
 Beusen, A.H., Bouwman, A.F., Van Beek, L.P., Mogollón, J.M. & Middelburg, J.J. (2016). Global riverine N and 

P transport to ocean increased during the 20th century despite increased retention along the aquatic 
continuum. Biogeosciences, 13(8), 2441.  

 Fekete, B.M., Wisser, D., Kroeze, C., Mayorga, E., Bouwman, L., et al. (2010). Millennium ecosystem 
assessment scenario drivers (1970–2050): climate and hydrological alterations. Global Biogeochemical 
Cycles, 24(4). https://doi.org/10.1029/2009GB003593  

 Mayorga, E., Seitzinger, S.P., Harrison, J.A., Dumont, E., Beusen, A.H., et al. (2010). Global nutrient export 
from WaterSheds 2 (NEWS 2): model development and implementation. Environmental Modelling & 
Software, 25 (7), 837‐853.  

 Van Beek, L.P.H., Wada, Y. & Bierkens, M.F. (2011). Global monthly water stress: 1. Water balance and water 
availability. Water Resources Research, 47(7). https://doi.org/10.1029/2010WR009791  

 Wisser, D., Fekete, B.M., Vörösmartym, C.J. & Schumann, A.H. (2010). Reconstructing 20th century global 
hydrography: a contribution to the Global Terrestrial Network‐Hydrology (GTN‐H). Hydrology and Earth 
System Sciences, 14(1), 1‐24.  

 
 
 

The views and designations expressed in this publication are those of its authors and do not represent 
officially-adopted views of the Ramsar Convention or its Secretariat.  Reproduction of this document in 
whole or in part and in any form for educational or non-profit purposes may be made without special 
permission from the copyright holders, provided acknowledgment of the source is made.  The Secretariat 
would appreciate receiving a copy of any publication or material that uses this document as a source.  
Except where otherwise noted, this work is protected under a Creative Commons Attribution 
Noncommercial-No Derivative Works License. 

 
 
 

Acknowledgments 
The author thanks the Secretariat for its support, STRP 
members Channa Bambaradeniya, Mark Everard and 
Siobhan Fennessy for their review comments, and 
Shannon Edgar of Stetson University for layout and 
design of this Technical Note. 

Citation 

van Dam, A.A. (2018). Global Wetland Outlook: 
Technical Note to the Drivers of Change chapter. 
Gland, Switzerland: Ramsar Convention Secretariat.  

Ramsar STRP products are published by the Ramsar Convention Secretariat in English, French and Spanish (the official languages of the Ramsar Convention) in 
electronic format, and also in printed form when required. 
 
Ramsar STRP products can be downloaded from: www.ramsar.org/resources 
Information about the STRP can be found at: www.ramsar.org/about/the-scientific-technical-review-panel 
 
© 2018 The Ramsar Convention Secretariat 


