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Future profile of the coastal area
General

If the coastal risk classes to assess the vulrgyabf the coasts to future sea level rise as
proposed by Gornitz and Kanciruk (1989) are applitedn 4 of 7 variables indicate that SLR
will place the Suriname coast in the category oflion® to very high risk. The low gradient

coasts underlain by unconsolidated sediments inflatscand estuaries will be most susceptible
to permanent inundation and erosion during SLR f@nr 1991), a situation so true of

Surinamese coast.

Based on several case studies and prognosis famaer of locations worldwide, Suriname is

likely to face many hazardous situations as a tesUSLR. These are inundation and flooding,
increased coastal erosion, elevated groundwatdestakea storm risks associated with the
increased tidal influence, widespread changesadrdistribution of vegetation and dislocation of

wildlife, salinization of freshwater reservoirsg¢et

Open seas are normally affected minimally by SLRI get wave regime, tidal range and
sedimentation rate may be modified as a resuleaflsvel rise (Walker, 1992). Major estuaries
in Suriname, because of their bending towards asstfairly secure and sheltered from the
storms. These storms are not strong at presenindptire SLR the ocean storms are expected to
be stronger and episodic high coastal water lesledsild be able to penetrate inlets causing risky
situations.

Coastal erosion and accretion

During SLR, the figures on sedimentary budget areaxpected to be affected as such by any
degree because their sources are independent of T®leRfactors, which may possibly revise the
sedimentary budget upward, are the possible additicsediment to the sea caused by enhanced
erosion as a result of SLR, and increased erosiolindes region and in Amazonia due to the
(predicted) increased rainfall and ongoing andr&utieforestation in the Amazon Basin.

Accelerated erosion is known to accompany thegisea level (Stewart et al., 1990). It is thus
expected that the degree of coastal erosion amctignt will intensify as a result of SLR (Gornitz,
1991). In 1985 SLR (along with other factors) hadady been causing retreat of over 70% of the
worlds sandy beaches (Bird, 1985).

According to Gable and Aubrey (1990), "coasts Mile-grained sediments, mudflats and deltas
have the highest mean rates of recession due ¢@merr@.0 m annually". This computation for the

wider Caribbean where the level of storminess iig ki@h cannot apply to the coast of Suriname in
totality, which hardly knows stormy conditions ulpriow.

Without an increase of storminess, or with only iaanincrease, the current system of accretion
and abrasion will essentially remain the same IdR. However, within the various components



of the system scale variations will occur.

Similar conditions of SLR prevailed during the seentation of the Mara Formation, although the
rate of SLR at the time was much faster than treeexpected for the near future. And also are the
conditions of SLR still present along some areasgathe Guyana coast. East of Cayenne towards
the Brazil border there is evidence of slight sddsce, and in northwestern Guyana there is strong
subsidence, increasing towards the Venezuelan badndinis area the (relative) SLR has continued
since the beginning of the Holocene (Brinkman & £d068). Even under these conditions the
coast has considerably accreted towards the Nadtording to Brinkman & Pons (1968) clay
deposition during a rising sea level leads to esttenbrackish coastal swamps with a Rhizophora
vegetation, and south of this deep and extensaghivater swamps with peat formation. Under
such conditions pyrite clays are formed in the kiskczone. This system is, however, connected to
a relatively rapid SLR, a condition that occurradhe first few 1,000 years of the Holocene (till
about 6,000 yr BP). A deep inland penetration efdba is not expected to occur when SLR is slow.

Conditions of relative sea level rise now also tegieng the Suriname coast, for instance near
Matapica, and to a lesser degree also in partheoWeg naar Zee area. Due to man-triggered
subsidence of clay soils of former plantations paftlers, the land has lowered considerably and
clay is deposited on top of the former plantatiorfasce when sedimentation conditions prevail.

Further inland the sediment supply is limited anel low areas are flooded with seawater. In the
absence of tidal creeks, lagoons will be createdhsof the higher land directly along the coast
where the fresh sediment has been deposited. Paanalation will start here when vegetation

develops.

With increasing high water level also the elevatidrthe newly deposited clay flats will increase
and the clay flats in the coastal zone that amaédrunder conditions of SLR will be higher than the
current ones.

Upon abrading conditions the subsided coast isgberoded, the rate of which will depend on
various factors. Accelerated — compared to conseantevel — erosion is expected to occur, but will
probably not be much more severe in extent tharctihent one, assuming a slow increase of the
sea level.

However, some shoreline changes are inevitablaesudt of SLR, but no model precisely fits the
situation on the coast of Suriname and therefoi® presently not possible to predict the extent
of erosion. Paradoxically, erosion may enhanceeticer elsewhere (1 kirof eroded settled clay
may give over 2 krhof suspended material) (Augustinus, 1978).

Even if beaches like Wia Wia are not expected edeithat fast, they also will face changes under
the impact of SLR. But with conditions more or lédentical to the present ones, this change is
thought to be more a change in position, than oneverall morphology. Where sand supply
exceeds erosion, sand will be accumulated on testiore. SLRber sewill only affect the height

of accumulation. Beaches in which erosion exceadd supply will probably remain moving at the
same speed upon SLR, but the accreting westerwirgitadually be sediment to a slightly higher
level and deposition will take place more inlandam of the clay as an over wash-bar. The western
tip will make a very gentle bend land inward. Sosaad will be lost for beach drifting being



washed inland.

When the wave regime and the currents would chahgenorphology will adapt to this changing
conditions. Also will the rate of beach driftingcirease with a more severe wave regime, because a
stronger degree of erosion will result in a mog@daemoval of sand and a more rapid alongshore
transportation. In the end this sand is deposigeihaat the western end of the beach ridge with an
inland bend. Without an increase in the supply aidsthis may lead to a gradual erosion of
currently stable beaches and an increased transfsahd along the coast.

The above will also apply for the study area. Cttyeno beaches are found here, but with
changing conditions, sand could be transported fitueneastern shores and the Braamspunt spit
towards the Paramaribo-Wanica section of the coeesifing narrow ridges.

Summarizing it is expected that no large-scale gaswill occur in the processes that shape the
coastline of the study area, provided that curhnemban activities are terminated and that no new
human activities are started along the coast. yskem of accretion and erosion will remain more

or less the same.

Changes in estuaries

Although changes in the estuaries are to be exgppabtr magnitude and direction cannot be
predicted with some degree of detail, given thegerof interacting factors (tidal variation, tidal
levels, river discharge, changes in sediment supphd internal adaptations of the river
morphology).

A higher sea level could result in a deeper petigtraf the seawater into estuaries, even wheh tida
amplitude remains the same. However, this alsordigpen the future rainfall pattern of inland
Suriname. With increasing rainfall, river dischavgél increase and tidal intrusion will decreade. |
rainfall decreases tidal intrusion will increasem¥urther.

An increase of tidal volumes in estuaries and othater bodies should obviously result in an
increase of bank erosion, a decrease in sedimami@tid deepening of the channel in case of SLR.
On the other hand mud will be transported farthland and the mud wedge will protrude to the
south. Also sand beaches will be brought furthetrepm in this case.

Summarizing it can be stated that upon SLR chaimgéne estuary will certainly occur, resulting in
increased bank erosion and modification in the rrimeorphology, including the bottom
morphology. With the current state of knowledgertregnitude and exact location of such changes
cannot be predicted. See further Erosion below.

Loss of (potential) agricultural land

As a result of SLR, in the study area (potentigtjcaltural land could be lost, or its quality cdul
deteriorate due to:

- erosion along the sea coast and river banks;



- the raise of the groundwater level;
- flooding of existing agricultural land and renevgediimentation;
- salinization, due to flooding with seawater.

Erosion

Erosion will take place along the coastline anddrtain sections along the Estuary of the Suriname
River.

Along the coast the normal — unpredictable — patélternating periods of erosion and accretion
will be found, also during SLR. Accelerated eroswitt occur in areas with human presence and
here it may have a significant impact. Howeveis iexpected that human presence will sharply
decline once it becomes clear that flooding angienocannot be stopped by the simple measures
that are currently applied. Government interveniiothe near coastal zone is not likely, because a
current study (pers. comm. F. Playfair, 2007) moiota more southern location for the first line of
defense against the seawater.

Also other researchers have recommended abandib@ngear coastal zone in order to restore the
natural and values of the estuarine zone (Teunig6€1).

Whatever happens, coastal erosion will not leadggnificant loss of agricultural land, because th
soils in this zone are soft and saline clays.

Erosion along the banks of the estuary will no¢etfgricultural land, but only residential arelag a
zones with light industry (socio-economics).

Increase of the groundwater level

An increase of the mean sea level and changeseinrdimfall pattern could also affect the

groundwater level in certain areas, but impactshaihging groundwater levels on agricultural land
use are expected to be limited, if any. Given tbe permeability of the dominating clay soils, and

the fact that the sand and shell ridges are embentdelay, the general groundwater level of
agricultural land in the study area is determingddinfall and the capacity of the drainage systems
rather than by the outside surface water levels.

Given the increased outside water levels, an iserea pump capacity for drainage will be

necessary anyway, in order to guarantee that Paksrand its surroundings are properly drained
(see Water Resources), and this increased capuatiigiso have to take care of increased inflow
through seepage. The latter will only play a rdlsame significance in ridges that are cut by the
Suriname River. Those ridges are in residentidsassd hardly any, if any, agricultural land use is
found (see further Socio-economics).

On the long run increased groundwater levels Wsl decome a factor for the northernmost ridge
(Sukru dan), once the sea level has raised enaughuse large-scale flooding of the clay flat in
front of this ridge (see below). However, in thitugtion salinization will be a much more
prominent problem.



Flooding

Even without SLR flooding from the sea or riverdl wecur at locations with weak or low dams or
dykes, or where strong erosion undercuts or brsasheh structures. Only a small area of current
agricultural land will be lost, because activities flood prone areas are at a low level, but
considerable damage could be done to houses aadstthctures in these areas (see further Socio-
economics). Such calamities do already happenheaycatre likely to increase upon SLR.

Upon increasing sea level rise, flooding from tha er rivers will protrude further inland at places

where no defense structures are present or whestngxstructures are low. Depending upon the
location of planned defense structures, largen@ller areas of land will be lost due to permanent
inundation. Besides flooding, also sedimentatiosadf and saline clay may take place on top of the
existing soil, making the land unsuitable.

On the basis of the currently available informatmss of land is considered likely in the zonehte t
north of the Awarahe ridge. The land north of thage till the Sukru dan comprises heavy clay
soils, which have been impoldered for agriculturet it is now only used for extensive cattle
breeding and large parts are fallow. The reasonthisr is not known, but most likely it is a
combination of subsoil salinity and the relativelyy rainfall conditions (insufficient flushing
potential with fresh water) that prohibits the dgedry land cropping, which would require the
construction of cambered beds.

The only potential economic use of such clay seisild be paddy rice cultivation, but this is
impossible in the absence of an adequate suppjgarf quality irrigation water.

Salinization

Salinization of current agricultural land is unlikeinder the prevailing conditions. But it will
become possible upon SLR, as a result of floodingral with seawater. Clay soils will directly
be impacted when flooded, and soil quality will ddversely affected by the increased salinity
and the level of sodium in the soil, making suclssonsuitable for any agricultural use for a
very long time. However, the potentially affectddycsoils have a low agricultural potential (see
Flooding).

Ridges in the flooded areas will be affected bynsagroundwater, but damage will not be
permanent, because the salts can be flushed oadeddwater has been drained.

But any crop present during flooding will be dam@&g® destroyed, due to salinity and the
increased groundwater level.

Summarizing it can be stated that some loss ofagrral land and potential agricultural land will

occur as a result of SLR, but that the extent amghct will be low. The most relevant impact is
expected for the inhabitants of the Sukru dan K&uits”), where raised groundwater levels and
salinization will make agricultural activities (méy horticulture) impossible. A second group of
affected farmers is found on the Awarahe ridgdjoalgh the impact will be less (See further
Agriculture).



Vulnerability

Upon increasing SLR, adaptations of the coastakahsary morphology are expected, but changes
will be gradual and no essential modification ia general pattern of erosion and sedimentation are
expected.

More insight in the direction and magnitude of th&gure changes should however be gathered in
order to enable the focused action that will beiireg at some point in time at certain locations.

The overall picture of the vulnerability of landdasoils in the study area indicates a limited inhpac
from SLR, the main impact being the loss of lane da flooding, raised groundwater and
salinization. However, the potentially affectedead land that is actually used for agriculture is
limited and also the use potential of most of migrginal.

The majority of the affected land is found along titean in a zone that should not have been
considered for agricultural use in the first plaoecause this so-called estuarine zone is normally
kept as much as possible in its natural staterdardo enable that this zone can perform its speci
functions, of which coastal protection is an imaottone in this case. Moreover, the land here is
considered to be marginally suitable for agric@tur

Further reference is made to the chapter on Eaagstin which proposals for the restoration of
this zone, and its values and functions are predent

Response measures
Some of the options for actively responding to ithpacts of the sea level rise are considered
here.

One of the most important measures will be to imm@et the executing organizational structures
and regulations required for a proper managemeahtantrol of the existing MUMA's (see also
Ecosystems). No sea defence structures will bessacg where a sufficiently wide stretch of
protected coastal zone is present, which is truenfust of the coast.

In the non-protected sections of the coast (WaanthParamaribo Districts) the further issuance
of land in the estuarine zone (see Ecosystems)agt@ustopped immediately in order to avoid
further weakening of this part of the coast.

A retreat strategy should be considered for thes atirectly along the coast in order to save the
land to the south. In the Paramaribo District timeife earthen ring dam will bound this zone to
the south Error! Reference source not found).

In inhabited areas of the estuarine zone the resspstrategy should normally involve, besides
others, defensive measures against inundation @@ flooding, coastal erosion, salinity
intrusion, and the loss of natural resources, #tfteture, agricultural land and human



settlements.

The usual measures shall be to construct new sdla, wigkes, levees, flow walls or tidal
barriers, whatever appropriate, and strengtherfiegekisting structures. Sea dykes are already
present or being planned in the two most criticeha with respect to this, respectively Nickerie
and Coronie.

Given the situation in the Weg-naar-Zee area adgka is currently being planned. However,
the need for such dyke may be postponed with tipéeimentation of certain measures as pointed
out in the chapter “Ecosystems” and presented itailddy Teunissen (2000b). It is
recommended that such dyke is constructed at sastende from the sea in order to create a
buffer zone in which coastal processes can normtalke place, thus as much as possible
enabling the normal functioning of the estuarineeancluding coastal protection.

For the inhabited areas along the estuaries, suteaParamaribo/Wanica Districts, a strategy of
full protection is required, including a completasing and strengthening of all existing river
defences. Further human developments along vulleessttions of estuaries and rivers should
be prohibited or discouraged.

Further study is required in order to gain moreghisin the character of the estuaries. Parallel
with and following that, modelling would be requdréen order to predict future changes in river

morphology upon SLR. Such study is in particulatical for the estuary of the Suriname River,

along which banks the majority of the populatiofiveig and working behind shallow dams and

dykes that are situated close to the river.

Increased and permanent monitoring of the coastdcprovide early indications of future
changes. Such monitoring may be included in thé&stad the MUMA management team.
Satellite imagery and GIS application will be thmpeopriate tools for this monitoring.

Other subjects for monitoring will be:
- sealevel;
- swamp levels;
- river water levels and discharges;
- level of recently sedimented mudflats along setésextions of the coast

Planting of mangroves, in order to create an amithti natural defense system and to stabilize the
existing one may be an option for certain partefcoast and estuaries.

Normally mangrove forest rapidly develops at mudflas soon as the conditions are suitable.
But still non-forested land is found at certainifioss directly along the coast and estuaries. For
instance, partly consolidated clay flats can beepled that are bare or only covered with low or
open vegetation. Growth conditions for mangrovecigsemay be suitable here, but no mangrove
species is found because the seeds are not atdadio such location. This may be caused by the
presence of filtering vegetation or other blockingterials (dead logs, branches), or because the
terrain is no longer flooded.



Planting or seeding of suitable mangrove specidisingrease stability of the coast and delay
damage in case of erosion. Species trials shouldobeucted in the different environments
(coast, estuaries, vegetation types, and floodiguiency) in order to determine:

Whether mangrove forest will develop in a certaimieonment;

1) Which species is suitable for which environment?

No planting will be required at mudflats, becausengrove forest will develop spontaneously as
soon as the conditions are suitable.



Figure 1: Future profile Geomorphology
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Future profile of ecosystems
Introduction

The wetland ecosystems in the Coastal Plain willldeerable to sea level rise, because changes
in the drainage basis and the tidal regime wileeiffthe hydrology of these low lying and flat
areas. Apart from that changes in water qualitlinig will cause considerable changes in the
seabound coastal wetlands. Both ecological faatectly affect the vegetation at a certain
location. Indirectly the hydrology may also afféhe occurrence of vegetation and peat fires,
another important factor that determines the vegetatatus in the Young Coastal Plain.

To a lesser degree also changes in the rainfaiénmaand temperature in the Coastal Plain, as
projected by the Meteorological Service (Amatab0@), may have an impact for the wetland
ecosystems.

Changes in temperature and {€vels will certainly affect all ecosystems in Bame, but their
impact cannot yet be foreseen. The current stuelhgtbre focuses on the impact of sea level rise
on the wetlands of the study area.

The already existing impacts and the expected dumautonomous development have been
presented in previous chapters. Below the impactdimate change on the ecosystems will be
described for distinguished evenEror! Reference source not found.illustrates the future
profile for ecology.



Figure 2: Future profile for Ecology



Impacts of hydrological changes on the ecosystems
The estuarine zone

The coast of Suriname does not support more thae thpecies of mangroves in which only
Avicennia(Black Mangrove) an@Rhizophora(Red Mangrove) are important. During the sea-level
rise, changes in the mangrove species compositmh species zonation are likely to occur
(Aksornkoae and Paphavasit, 1996). It is suggdasiaRhizophoracommunities would be more
robust to face the rising sea-level "over a timesobmultiple generations"” (Ellison, 1989), as was
the case during the period of sea level rise inetmy Holocene (Brinkman & Pons, 1968). Then
Rhizophoradeveloped directly south of a narrow strip withicenniaalong the coast. However, it
should be noted that sea level rise at that time mwach faster than is currently expected for this
century.

The sea level rise will have a strong influencetidal wetlands as they occur at the land-sea
interface. In areas of high sediment accretiois, éxpected that mangroves will keep pace with the
sea level rise (Ellison and Stoddart, 1991; Hen#l®@3; Parkinson, et al., 1994). The mangrove
scenario in Suriname, therefore, would be oneatfilgly (including pushing back on to new areas

occupied by the advancing sea owing to sea lese) m areas of accretion. This advance should
not be considered continuous or uninterrupted &yt be hindered by human development further
inland or some other natural factors including eslg

Along accretional parts of the coast the Black Mang forest zone will essentially remain the
same, with or without the development of a strifhviRhizophora south of it.

Even if the frontal areas of the coast are eroaey/athe large quantities of muddy sediments are
ultimately expected to fill back and even depasibilower coastal swamps making way for re-
establishment of mangroves, a situation more srdesilar to the current one, as has been observed
in abandoned plantation areas like the Matapica are

Overall the near-coastal belt will gradually becomere elevated due to sedimentation at a
gradually rising sea level. This higher belt aldhg coast will block the water flow towards the
sea, except for some tidal creeks that will cubdigh the higher land.

The brackish zone south of the coastal mangrowestpowhere far less sedimentation will take
place, will very gradually face deeper water caods. It is also to be expected that the brackish
zone will extend further to the south when the sgewwill inundate this lower zone at high
(spring) tide. Hypersaline conditions may arise wkige drainage of floodwater back to the sea
is blocked by the higher mudflat in front of thebkish zone or otherwise (e.g. ridges).

When no vegetation /peat fires occur the peat lagehold pace with the increasing water level
and gradually thicker peat layers will form. Itts be expected that changes in the vegetation
will take place on the long run with a gradual stofvard species that are adapted to growth in
deep water and locally also to more saline conustio



A Black Mangrove forest will develop on a strip @dpthe coast, once the coastline becomes
more or less established. The land south of thdyndeposited zone will go through the same
scenario as presented above. This may only hagpemaaconsiderable erosional withdrawal of
the coastline, as for instance, has been obsetord the above-mentioned sections of the coast.

The estuarine zone will become more extensive atiinathis zone open water will cover larger
surfaces. But its functioning (see baseline Edesys) will essentially remain the same, be it
now over a larger area.

Diminishing areas of sand beaches (Noordam, 20@¥Vyeduce the numbers of sea turtle nests
and will increase the pressure on the turtle sgenisting in Suriname. The most common
species are the Leatherback Turtl2emochelys coriacgaand the Green TurtleCpelonia
myda$. Less common and (also worldwide) very vulnerabléhe Olive Ridley I(epidochelys
olivaceg. For Olive Ridleys the Galibi beach along theisamese coast is the most important
nesting beach along the Atlantic Ocean.

For the study area it is expected that an exterwditime estuarine ecosystems will take place, due
to the gradual abandonment of the cultivated al@agahe coast upon sea level rise, which will
be accompanied by erosion, flooding and reneweasigpn on existing land. A new natural
estuarine zone will then establish on the abanddared north of the earthen ring dam that is
currently be planned.

Lower river courses

Mangroves growing on the river flats due to tichaursions of sea water will not be affected much,
but their area is likely to be slightly extendedivgr.

The riverine mangrove composition shall be pralljiaanaffected by the sea level rise and Red
Mangrove Rhizophora sp).forests will remain dominating.

The freshwater swamps

Swamp water levels are expected to rise gradutliypaut the same speed as the sea water level,
because most swamp water levels are related teethdevel. On average the swamp levels will
rise 60 cm compared to the pre SLR age (Amatal820Rising swamp water levels will lead to

a gradual thickening of the peat layer. Twelve (&&) of peat growth in 10 years has been
reported, which means that the thickness will hplte with the increasing water levels,
assuming an annual water level rise of 1 cm.

Considerable quantities of carbon from the atmosphal be fixed in the organic matter of this
thickening peat layers. One (1) cm of peat contapoximately 5 tons of carbon per hectare.



A total area of roughly 1.1 million ha is coveredhwswamps, which means that with every cm
of sea level rise an estimated 5.5 million ton€o$ added to the peat sink in the Young Coastal
Plain of Suriname.

The swamp vegetation types will not change mucloag as the water levels remain within the

normal amplitude. Pertaining to this the more diifegd high and low swamp forests are more
vulnerable than the herbaceous swamps. There alEkier be some adaptations with respect to
species.

A dramatic rise of swamp water levels will howehare a severe impact. A rise of 20 cm above
the usual maximum levels reportedly killed or selyedamaged an area of 70 sq km of swamp
wood and swamp forest in western Suriname afterndam up the Nani Swamp by the
construction of a drainage diversion dam (TeunisskEdv6). Such scenario could become
possible in the study area, when after severalsyehsea level rise the average swamp water
level is near the previously normal maximum leagld when an exceptionally wet rainy season
occurs. More likely is however that gradually spsdhat are better adapted to high water levels
replace the more susceptible ones. As the numbspeafies adapted to high water is limited, this
will result in forests with less species diversity.

Sea level rise will not affect deep swamps, buséhare not present in the study area.

Seasonally flooding marsh forests

Seasonally flooding marsh forests in the Young @dd3ain will be more vulnerable than the
swamp forests. After damming up the Nani Swamphaydonstruction of a drainage diversion
dam, a rise of 20 cm above the usual maximum |ekikésl the seasonally flooding marsh forest
on ridges in the northern Nani Swamp after whidwamp forest started to develop (Teunissen,
1976). On the long run, swamp forest will replalce seasonally flooding marsh forest. A peat
layer will develop providing an increased sink &amospheric carbon. The positive effect on
CO,/CO atmospheric levels, will however be off-set dy increased release of CHom the
newly originated swamps.

High dryland forest

With rising swamp water and groundwater levelssarally flooding marsh forest will replace
the high dryland forest on the highest parts ohhiglges and on at the foot of other highland
currently bordering swamp or seasonal marsh areas.



Polders

In polder areas that are not protected by suffttyemgh dams or dikes (see hydrology) natural
ecosystems will (re-) establish on land that igentty under fallow or covered with secondary
growth

Impacts of salt intrusion on ecosystems
For the estuarine zone a considerable extensidheokaline to brackish swamps towards the

south is to be expected as a result of deepersiotiof seawater over the land (see also above).
Especially in the dry seasons, when the water $eivethe southern freshwater swamps are low,
the intrusion of seawater will be further land imdialnitially vegetation development south of
the mangrove forest zone will be slow and larg@dag (“pannen”) will originate. These open
water surfaces will sooner or later be covered weébetation and it is expected that peat swamp
(swaying swamps) will arise here.

On the higher land within this zone Black Mangrovié develop. Further south brackish water
swamps will be found.

At certain locations the southbound salt intrusiaih be blocked by natural (ridges) or manmade
barriers (dams, roads). In this case (hyper) saloraitions may arise in the absence of fresh
water supply from southern swamps. Here the arddwidominated by lagoons with scattered
Black Mangrove on slightly higher land.

Along river estuaries some changes are foreseenREd Mangrove vegetation will push further
upriver, with the intruding salt water.

With a rising sea level, the natural levees or dafrabandoned plantations that currently are not
inundated by incoming seawater will do so when tiseng sea level has reached a certain
(currently unknown: more study required) level. Tinerbound freshwater swamps at these
locations will become brackish. Depending on thealaonditions this could lead to an abrupt
local die-off or a more gradual change from fresiew#o brackish water swamps.

In the study area only the upriver shift of the Rddngrove is to be expected along the
Suriname River, because there are no areas tHdiemixposed to flooding by saline or brackish
river water. All land along potentially flooded siens of the rivers is protected by dams or dikes
that should be upgraded (see section on water ne=®w@nd socio-economic) to protect the
human property.



Changes in the occurrence of grass and peat fires a nd its impact on

ecosystems

In case of higher mean swamp water levels therkehailfewer risks that grass and peat fires
occur. On the long run this may result in an unmmigted vegetation succession with a gradual
change from grass swamps to high swamp forest. isudt of this, peat layers will continue to
grow in locations where previously their developm&as intermitted every time a fire occurred.
In the absence of fires large quantities of canmary additionally be stored into wood mass and
peat.

On the other hand, however, it is expected, iniddr in the estuarine zone, that extremely dry
spells may continue to occur with a certain freqyemnd that the dryness during such periods
may become increasingly severe. Therefore no clsarmge foreseen with respect to the
occurrence of fires in the estuarine zone, as ifiegrswamp water level will be off-set by an
increased drought in some years.

However, south of the estuarine zone peat fireshvtome less likely. Here the succession of
herbaceous swamps towards swamp forest will ityitr@sult in an increase of biodiversity, in a
later stage again followed by a decrease as swhegmne deeper (see above).

Increase of temperature, UV radiation and CO ,levels

On the long run changes in the radiation, tempesadnd the Colevels will undoubtedly affect
several elements of ecosystems and thus the eeasysis such. No consistent information is
however available to foresee the impact which antierge from these sources.

Summary

The severely degraded mangrove zone in the WegZemiarea will re-establish, because the
landowners that currently occupy the land in tluisezwill be forced to withdraw behind the ring
dam due to frequent flooding of their land.

South of this mangrove zone, saline and brackiskystems will show a considerable extension
towards the south, into the current freshwater spgankxtensive lagoons will form in the
brackish to saline zone. Most of the freshwaterlamels north of the projected ring dam will
disappear. The creation of open water will resulam increase in wildlife, especially birds and
fish. South of the ring dam most swamps will belaiened for agricultural purposes, because
the land here is protected against flooding.

The freshwater swamp in the southwest of the studg (Eenheid area) will have a vegetation
shift towards wetter types, which in general wdbult in a decrease of plant species diversity.
Overall thicker peat layer will form, thus increagithe carbon sink in these systems.

Decreasing plant diversity will result in decreasfauna diversity.



Given the significant changes it can be concludhed the ecosystems of the study area are very
vulnerable to the effects of climate change. Butt@nother hand they show a high resilience by
adapting to the newly originating conditions.

Adaptation strategy

The major impacts foreseen above are mostly dealitty the shift of one vegetation type to
another due to changing hydrological and wateriguebnditions. Prevention of these changes
is unfeasible and also illogical as one ecosystephaces another, which may be considered a
natural process.

A strategy towards the protection of the coastreggdurther (manmade) erosion and degradation
should however be put in place as soon as posdihie.part of the Coastal Plain is the most
vulnerable for sea level rise and the more thisezisndisturbed by human activity, the more
damage will be done to the Coastal Plain, in paldicin the Paramaribo/Wanica area where
most activities take place. This strategy shoubilide the following:
protect all mangrove forests by giving them thatust of "Special Protected Forests"”
("Speciaal Beschermd Bos") based on the Law ofdtdrianagement (SB 1992, No 80).
implement the currently proposed MUMA’'s and all d&g administrative and
organizational facilities for their proper functiag;
stop the issuance of building and development genimithe estuarine zone;
withdraw the not used and abandoned land in tme zioat is already issued;
provide incentives to protect the still existing ngeoves and to discourage further
agricultural (including aquaculture) use on issl&ad in the estuarine zone, so that
mangroves will be able to re-establish in thosasmehere the mangrove zone has been
damaged or removed
implement a monitoring system to check on the alqmints; this can be done by taking
frequent (e.g. bi-annual) satellite images, ofdktiarine zone; these images will also be
very useful to follow the dynamic coastal processes

For the area directly along the lower stretchesrioérs a comparable strategy should be
followed. However, many of these areas are alreadyse for housing, industry, agriculture or
other human use. With respect to expected futuveldpments these areas should however not
be developed any further and where possible usdédhe discouraged.

Other proposed measures to be taken deal withrttegbed areas. The currently existing nature
reserves have been established with (a) specifad(®o Through changes along the coast
(accretion, erosion) and/or through changes wisimd between ecosystems these elements to be
protected may be lost from the current nature vesgrwhile elsewhere-new elements to be
protected may emerge.



New site selections should be conducted accordirchanging or already changed situation. A
flexible procedure should be developed for thisiclwitan be part of the MUMA regulations, as
far as the estuarine zone is concerned.

It is recommended that the following elements aomitored:
Type, locations and extent of ecosystems
Animal species, especially vulnerable ones

Such monitoring should preferably be placed withiregional and/or international framework.

References
For references see sector Ecosystems under s€&tsant Profiles.
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Introduction
In the Profile of the Water Resources and Infrastme a general description is given for the

study area. For the estimation of the vulnerabitig necessary to divide the area into different
sub-areas since the characteristics, the condjttbesavailable infrastructure, the developments
in the study area and its importance are not umifofhe vulnerability of and the needed
adaptation strategies for the different locatiorit lve different.

Division of the Study Area
In the division of the study area the soil conditip land-use, development and available

infrastructure are taken into account. The studwa @ mainly divided in three sub-areas, namely
the urban area, rural area and natural area. lortien area the land is mainly used for housing
and industrial activities, with concentrated hunaativities, whereby the population density is

high. On the other hand in the natural area thexe@aly few human activities, where the natural

conditions in the area are undisturbed. The rurah as practically a transition between the

natural and urban area.

The urban area is concentrated in and near théatapbithe country. The rural and the natural
areas are in the Wanica district, whereby the firahtioned one is divided in six sub-rural areas,
and the second one in three sub-natural areasief description of these areas is presented
below.

Urban Area (U)

The area is mainly residence area and has a mlathigh population density and a high
percentage gbaved area. At the boundaries of this area, whichlbe considered as expansions
of Great Paramaribo, among others in the Northertign, areas are prepared for parceling, for
housing and for building purposes. In the last timeed areas urbanization does not occur yet
and may be expected in the near future.

Referring to the available topographical data amel ¢ross-sections included in Annex -2, as
mentioned in the Current Profile, the Northern mdrthe Urban Area is low elevated, especially
at Morgenstond up to Grongrijpstraat, from the tots the Hoendersparkweg at New
Charlesburg and up to Okrodam at Weg naar Zee .mitdle and Southern part of the Urban
Area is higher, especially the section betweenriverbank at Drambrandersgracht up to the
Lalarookhweg, where the original ground elevatisrhigher than 2.0m NSP (national datum,
Normaal Surinaamse Peil).



In the urban area there are only few natural feester resources. During the wet periods there is
an abundance of rainfall. Available surface watsources are the Suriname river and the
Saramacca canal, whereby the water of these twoeoare brackish in this area and the quality
of the water of the last mentioned source is pBged water supply is available in the greatest
part of the area, whereby local and further Southecated (outside the study area) deep
groundwater sources are withdrawn and used as ederw

Adequate water management and infrastructural iiesilare available, including open and
closed sewer systems. The road and drainage systadaptedo the East-West orientation of

the ridges. The Northern portion which was origygllantation has been parceled out for
housing whereby the available original drainageesysof the plantation was adopted for the
drainage of the area. As a consequence the drasysgems of the Northern portion consist of
independent drainage units with its own sluiceuwnping station.

Excessive water descending from rainfall in theaasemainly drained away into the Suriname
river. About 75% of the area drains its excessiatewdirectly into the Suriname river through
the available drainage systems with sluices anpionping stations, about 25 % through the
Saramacca canal into the mentioned river and a s/l portion towards the North into the
ocean. Due to the East-West orientation of theesdipe main drainage canals and sewers are
East-West orientated and the transportation of sstee water is mainly Eastward, towards the
Suriname river.

At the East the area is bordered by the Surinawe. rGenerally the riverbank in this area is not
subjected to severe erosion, only at some spoten@rothers at Fort Zeelandia. Along the
riverbank an earthen dam respectively road thredstse which prevent landward intrusion of
the river water and protects the riverbank. At salvéocation riverbank protection works are
present, constructed by the local users.

Since the North-East part of this area is low lyargl is close to the sea, it is vulnerable to
climate change sea level rise. The water levehen Suriname river and in the wetlands at the
North will increase when sea level rise occur amy mtrude into the inhabited areas

Rural Area North (R-1)

The land in this area is mainly used for agric@tyurposes and the population density is low.
Some of the inhabitants are full-time active iniagtural activities and have their residence
here. The remaining is only living in this areaying a full-time job elsewhere, and is only part-
time active in agriculture.

Referring to Cross-Section 2 in Annex-2, as memibim the Current Profile, the area at the
North of Okrodam (Weg naar Zee area) is low eleVvated the ground level is about 1.00 -



1.50m NSP. The elevation of the top of the roads@ams are about 1.50 - 2.50 m NSP. Shell
and sand ridges exist in this area, which are gdlgeEast-West orientated, parallel to the
coastline. Between these ridges the ground leveinsr.

The mean annual rainfall in this area is low comgaio the remaining part of the study area.
There is an abundance of rainfall during the wasea and shortages of water may occur during
the dry season. Wetlands exists of which the Nontlemes are brackish and the Southern ones
fresh. Generally during the dry periods the gredapest of these wetlands dries up. Shallow
ground water is generally brackish in the Northama fresh in the Southern part, depending
upon the season. Piped water supply is availablesoime parts of the area. Local deep
groundwater sources are generally brackish andruatgithdrawn from southern located deep
ground water sources for water supply purposes.

Water management and infrastructural facilities arailable, mainly for agricultural purposes.
The area is unlocked by the Henry Fernandez rodd¢chwis North-South orientated and
connects the area with the Kwatta road. East-Wigteal roads in the area are connected to the
first mentioned road.

A main drainage channel, parallel to the Henry Bedez road exists, running from the South
towards the North into the ocean, whereby the esteesvater is drained away into the ocean by
means of a sluice system. Close to the coast andapp channel, parallel to the coastline is
connected to this main canal. In the West the esteeswater from this secondary canal is
drained away towards to ocean by means of a pungtatgppn and at the East by means of two
sluices.

At the North this area is bordered by the coastl®@astal erosion in this area is severe. Along
the main part close to the coastline earthen daisste halt the intruding seawater.

Due to the fact that this area is low lying anctlisse to the sea, it is extremely vulnerable to
climate change sea level rise.

Rural Area Leidingen (R-2)

The land in this area is mainly used for agric@typurposes and the population density is low.
Some of the inhabitants are full-time active in tlbeal agricultural sector and have their
residence here. Most of the remaining inhabitaatgeha full-time job elsewhere and are only
part-time active in agriculture.

This area is also low elevated, however higher tiiaal area R-1. Referring to Cross-Section 3
of Annex-2 the ground elevation is about 1.00 -O02r0above NSP. The elevation of the top of
the roads and dams is estimated at about 2.000-n3.RSP. Shell and sand ridges exist in this



area, which are generally East-West orientate@|lpato the coastline. Between these ridges the
ground level is lower.

During the wet seasons there is an abundancerdgalan this area and shortages of water may
occur during the dry seasons. Few natural surfexghivater resources exist here. The water
from the Saramacca canal is generally fresh, fldwsugh the existing canal systems into the
Leidingen area and may be used for irrigation pseso Shallow groundwater is generally fresh
and at some spots brackish during the dry season.

Piped water supply is available in some parts efdhea, whereby local and further Southern
located (outside the study area) deep groundwatecss are withdrawn and used as raw water.

Water management and infrastructural facilitiesavalable, which were mainly for agricultural
purposes. At the North the East-West aligned Kwattsal unlocks the area and at the South the
Commissaris Weyting road, which is also East-Wetntated. Secondary roads interconnect
the areas with the abovementioned roads.

Excessive water from this area is drained awayujindhe canal systems of the Leidingen Area
into the Saramacca canal of which the greatestipatained away towards the Suriname river,
since the watershed between the Saramacca andutimai8e river lies at about the so-called
Kameelbrug. A navigation lock and sluice systemsiexst Uitkijk, the junction between the
Saramacca canal and the Saramacca river.

This area is less vulnerable to climate change sadlevel rise than area R-1. Intruding sea
water will be halted by the Kwatta road at the Mort

Rural Area Bomapolder and Kwarasan (R-3)

The land in this area is mainly used for agrica@tyurposes and the population density is low.
Like in the Leidingen Area some of the inhabitaauts full-time active in agricultural activities
and have their local residence. Most of the inlzaitg are only living in this area, having a full-
time job elsewhere, and are only part-time activagriculture.

The area is higher and the ground level is estithatel.50 — 3.00 m NSP and the elevation of
the top of the roads and dams at 2.00 — 3.50 m I$8Bll and sand ridges exist in this area,
which are generally East-West orientated, paratiethe coastline. Between these ridges the
ground level is lower.

During the wet season there is an abundance dialaand during the dry season shortage of
water may occur. At the North and the West of tteadahe Saramacca canal is adjacent to the



area, whilst the Panama and Brinkhorst canal, bedSaramacca river are at the South-West.
The water of these resources is fresh and the -caeal systems are suitable for drainage
purposes. At Leiding 20 there is a pumping stat@rdrainage of excessive water from the area
into the Saramacca canal. During dry periods wiat&rithdrawn from the Saramacca canal by
means of this pumping station and is transportéadl the North-Western part of the area for
irrigation purposes. Since the junction between Slaeamacca river and the Saramacca canal
(Uitkijk) is beyond the salt intrusion in the memied river, the withdrawn water is fresh.

Shallow groundwater is generally fresh. Piped watgaply is available in some parts of the area,
whereby local and further southern located (outth@estudy area) deep groundwater sources are
withdrawn and used as raw water.

Water management and infrastructural facilitiesar&lable, which were mainly for agricultural
purposes. At the North the East-West orientatediMeWeer Gevonden road connects the area
with the North-South aligned Indra Ganghi road, akhis connected to the capital. The center
and the Southern part of the area is unlocked ey East-West aligned Welgedacht A,
Welgewdacht B and Welgedacht C roads, which aeadanected to the Indra Gandhi road.

The main drainage canals in the area are the Sacancanal, the canal along the Boma road, the
Panama and the Brinkhorst canals. The Saramaced isatconnected with the Saramacca river

and the waterlevel in the canal is govern by medirgsnavigation lock and a sluice system. The

canal along the Boma road is connected directthe¢oSaramacca canal. At the junction between
the canal along the Boma road and the Saramacehtb@watershed between the Suriname and
Saramacca river is located. Moreover the Brinkhoastal is connected with the Panama canal,
and the last mentioned one is directly connected the Saramacca river.

The area is less vulnerable to climate change aadevel rise. Although sea water will not
intrude directly into this area, high river wateayrdirectly intrude through the Saramacca river
and indirectly through the Saramacca and the Par@mals. Inflow from the river into the
Saramacca canal will be prevented by the existanggation lock and sluice systems, whilst at
the junction with the Panama canal the water fléwsly since such a sluice system does not
exist there.

Uitkijk is about 100 km upstream of the outfalltbé river and since the river is small compared
with the Suriname river, the impact of sea levet nvill be less here.



Rural Area Magenta polder and Indra Ghandiweg (R-4)

The land in this area is mainly used for agric@tyurposes and the population density is low.
Some of the inhabitants are full-time active iniagtural activities and have their residence
here. Also here most of the inhabitants are oningj locally, having a full-time job elsewhere,
and are only part-time active in agriculture.

The area is higher and the ground level is estithatel.50 — 3.00 m NSP and the elevation of
the top of the roads and dams at 2.00 — 3.50 m I$8Bll and sand ridges exist in this area,
which are generally East-West orientated, paratiethe coastline. Between these ridges the
ground level is lower

In this area there is an abundance of rainfallrduthe wet season whilst a shortage of water
may occur during the dry season. The Northern pathe area is adjacent to the Saramacca
canal, where the water is generally fresh. The maten this canal flows through the Magenta
canal into the Western part. Shallow groundwategaserally fresh. Piped water supply is
available in some parts of the area, whereby laodlfurther southern located (outside the study
area) deep groundwater sources are withdrawn aetlasraw water.

Water management and infrastructural facilitiesavalable, which were mainly for agricultural
purposes. The Northern part of the area is bordbsethe capital of the country whilst the
Eastern part is unlocked by the North-South aligimetta Ghandi road, along which there is a
dense ribbon building. Furthermore the North-Soaligned Magenta canal road, which is
connected to the Nieuw Weer Gevonden road, an&Ease-West aligned Welgedacht A, B, C
roads unlock the Western part of the area. Thestlagt mentioned roads are connected to the
North-South aligned Magenta canal and Indra Ganmdads. A bridge is currently being
constructed over the Saramacca canal to establishrgection between the Magenta canal road
and the Comm. Weytingh road.

The main drainage canals here are the Saramacah b#aygenta canal and the Spoorsloot. The
first mentioned one is East-West aligned and draites the Suriname river where the junction

consist of a navigation lock and drainage sluicgesys, to regulate the water level in the canal.
The Magenta canal and the Spoorsloot are NorthkSaligned and drain into the Saramacca
canal.

The area is one of the least vulnerable one toaténthange and sea level rise. The area is
relatively high and there is a high density of slaeld sand ridges. Water from the Suriname
river may intrude into this area indirectly throutite Saramacca canal, when a sea level rise
occurs.



Rural Area Dijkveld, Houttuin and Domburg (R-5)

The population density is low in the area is lowd dhe land in this area is mainly used for
agricultural purposes. Some of the inhabitantsfalie¢ime active in agricultural activities and

have their residence here. Most of the inhabitamtoaly living in this area, having a full-time

job elsewhere, and is only part-time active in agture.

This area is higher and the ground level is estohatt 1.50 — 3.00 m NSP and the elevation of
the top of the roads and dams at about 2.00 —18.505P. Shell and sand ridges exist in this
area, which are generally East-West orientate@llpato the coastline. Between these ridges the
ground level is lower.

In this area there is an abundance of rainfallrduthe wet season and a shortage of water may
occur during the dry season. The Eastern partisfaiea is bordered by the Suriname river, of
which the water is generally fresh during the wesisons and brackish during dry periods. The
Para river, which is a small tributary of the Sanme river runs through the area and the water is
fresh further upstream. Shallow groundwater is gahefresh. Piped water supply is available
in some parts of the area, whereby local and furBwithern located (outside the study area)
deep groundwater sources are withdrawn and usethasater.

Water management and infrastructural facilitiesaar&lable, which were mainly for agricultural
purposes. The Eastern part of the area is unlolsikede North-South aligned Winston Churchill
weg and Kennedy Highway. The first mentioned orms Imainly close to the bank of the
Suriname river in the South-Eastern part of thev.aifide remaining is unlocked by secondary
and tertiary roads, whereby in the Southern partdlad intensity is less.

The most important drainage canals are the ToutHauit canal and the Para river, which are
draining into the Suriname river. At the outfalltbe mentioned canal there is a drainage sluice
system.

The Eastern part of the area is vulnerably to dinthange and sea level rise. At some spots the
river bank is protected by local inhabitants. Thatev from the Suriname river may intrude
directly from the river into the area or througle fhara river when sea level rise occurs.

Rural Area Lelydorp (R-6)

The land in this area is mainly used for agrica@tyurposes and the population density is low.
Most of the inhabitants are only living in this ardaving a full-time job elsewhere, and is only
part-time active in agriculture. Some are full-tiangtive in agricultural activities.



The area is on the old coastal plain and only famdsand self ridges exist in this area. The
ground level is estimated at 1.50 — 3.00 m NSP tardelevation of the top of the roads and
dams at 2.00 — 3.50 m NSP.

The mean annual rainfall in this area is the higlbesmpared to the remaining part of the study
area. There is an abundance of rainfall duringvileé season whilst shortages of water may
occur during the dry season. In the center of tka amall local depressions exist which dry up
during the dry seasons. In the South-Western pashivater wetlands exist, whilst the Tawajari

creek runs through this part. Shallow groundwagefresh. Piped water supply is available in

some parts of the area. Local and just further I8ouat located (outside the study area) deep
groundwater sources are withdrawn for drinking wateply purposes.

Water management and infrastructural facilitiesaar&lable, which were mainly for agricultural
purposes. The area is mainly unlocked by the N8dtth aligned Indra Ghandi road. East-West
aligned secondary roads are connected to the nmexatimain road.

Drainage facilities in the area are not well depelb yet. The main drainage canals in this area
are the Tawajari creek in the West, which is cotetkto the Brinkhorst canal, and an extension
of the Tout Lui Faut canal in the East.

This area is one of the least vulnerable one tmatk change and sea level rise. The area is
relatively high and sea water may not intrude diygato this area, when a sea level rise occurs.

Natural Area Eastern Coast (N-1)

Referring to Cross-Section 1 of Annex-2 this aedow elevated, and the ground elevation, is
estimated at 1.00 — 1.50 m above NSP. The mainop#nis natural area is still undisturbed and

there are only few human activities. It is mainlyastal area, adjacent to the outfall of the

Suriname river. There are only few sand and skdgles in this area. The Northern part is daily

inundated by the tidal water and is vegetated witngrove and some parts are seasonally
inundated only.

Further landward wetlands exist, of which the Nerthpart is brackish. Small streams discharge
the water from these wetlands into the sea, whising high tidal sea water intrudes landwards
through these streams.

This area is accessible from the sea and the baoffdle Suriname river, and from the roads and
canals in rural area R-1. It is very vulnerable donate change and sea level rise and
uncontrolled human activities.



Natural Area Western Coast (N-2)

This natural area is mainly coastal area and igldved by the ocean in the North. The area is
low elevated and there are only few sand and siggles. The Northern part is daily inundated
by the tidal water and is vegetated with mangraw some parts are seasonally inundated only.

Wetlands exist further landward, of which the Nerthpart is brackish. Small streams discharge
the water from these wetlands into the sea, wtising high tidal sea water intrudes landwards
through these streams.

In the North-East of the area, in the extensioroafls in rural area R-1, parallel to the sea, there
are human activities up to the center of the amre a drainage canal exist towards the sea. In
the South-West there are some canals. The remaiaingf the area is still undisturbed.

This area is accessible from the sea and fromdhdsrand canals in rural area R-1. It is very
vulnerable to climate change and sea level riseuagdntrolled human activities.

Natural Area South-West (N-3)

This natural area is located at the border betvileerYoung and Old Coastal Plain and is at the
South-Western portion of the study area. The aremclosed by a triangle shaped area bordered
by the Saramacca river (West), the Panama canalh(Nend the Brinkhorst canal (East).

There are few human activities in this area. Atsdocation along the Brinkhorst canal there are
some human activities, where canal systems forrwagmagement exist. The remaining area is
undisturbed.

This area is accessible through the road to Samjghe roads in Tawajari polder and Kwarasan,
the Panama and Brinkhorst canals and the Saramaera This are is vulnerable to climate
change and human activities.

Climate Change

It is difficult to quantify the effect of climatehange on the hydrology and water resources in
general and for Suriname in particular. First df dimatic scenarios should be applied to

simulate future development in the hydrology andeweaesources. Also the development of the
water resources depends on the development of éber wse in the future. Is should be kept in

mind that there is a clear relationship betweerhtfgrological behavior of a system and climate

variability which affect the water resources. Thasiability changes from year to year and from

decade to decade, namely the seasonal variatiahtharl Nino/La Nina phenomenon.



According to simulations of climate change, usifighate models it is likely that in the tropics
and subtropics in both the Northern and Southemigpheres the precipitation will decrease.
Observations have shown that there is a warmingetgry of the air in Latin America.
According to the output of General Circulation Mtsdé& is estimated that under the 1S92
scenario there will be a small increase in preatmh in the South-East Caribbean sector of
Costa Rica and a decrease of 35.7 % in the Caribbeetor of Nicaragua. The corresponding
increase in air temperature is respectively 3 aB’@. For Central and South-Central of Brazil
an increase of 10 — 15 % in precipitation is estaddor autumn and reductions for summer, and
an increase of 4 °C in air temperature.

As mentioned in the present profile there is a elese of 4 mm/year in the annual rainfall at
station Cultuurtuin and an increase of 1.4 mm/ygastation Lelydorp. The first mentioned one
is located at Paramaribo in the urban area, ab@wni from the coast, and the last mentioned
one is further landward in rural area R-6, at tbatBern border of he study area.

Research and results of simulation models showctietges associated with global warming are
smaller in the tropics (e.g. Suriname) comparedatoiral multi-decadal variability, even by the

2080’'s. Changes in seasonal precipitation are ewere spatially variable and depend on

changes in the climatology in the region. Howevearé are indications that the frequency of
heavy rainfall events is likely to increase witolghl warming.

The increasing temperature will cause the meltihgnow on the mountains in Latin America
and also the snowfall will be less, whilst the falhwill increase in this continent and will have
consequences on the hydrology of the region. Anathgrs the erosion in the Amazon basin and
the transport of sediments and pollutants in thernwill increase. Due to the melting of ice and
less snowfall, the storage of water in the rivesibavill be less. It is likely that in general the
magnitude of the discharge of the Amazon river witrease and particularly the maxima. Due
to this increase in the discharge the Guiana Cuwéhbe deflected more offshore, to the North
and the creation of mudflats will also be more lofi® than at the current location. The increase
in river discharge is already noticeable. Amongeathan increase in flow in the major rivers in
the North West Amazon region has been observee 4i9¢0s.

Increase in air temperature will increase the gnarghe air system and will result in increase in
the maximum wind currents. As a consequence theesvavthe sea and river will increase and
will also result in an increase in the coastal aner bank erosion.

The potential evapo-transpiration will also inceeasie to increase in air temperature, since the
moist holding capacity of the air will increase. oMover more solar radiation energy, which
will be available for the evapo-transpiration, whé stored in the atmosphere at a higher air
temperature.



According to the Penman method there are two mamponents to estimate the potential
evapo-transpiration, namely the aerodynamic comporad the radiation one. In humid
regions, like Suriname, the relative humidity igthiand the aerodynamic component becomes
less significant than the radiation component, Whigpresent the available solar energy. In the
Thornwaith method mainly the air temperature itakito account which is a reflection of the
thermal energy. Hence the Thornwaith method isablet for the estimation of the potential
evaporation for the humid tropics.

The mean air temperature in Paramaribo is currepily8 °C. Employing the Thornwaith
method, where the air temperature is the main pete@mno estimate the potential evaporation,
this quantity is estimated at 4.8 mm/day on averagker the current climatic conditions. When
the temperature increases with 2 °C, the poteatiaporation will increase to 5.3 mm/day and
when an increase of 3 °C occurs, the potential @adion will increase to 5.5 mm/day.

Lenselink & van der Weert derived correlation equrad describing the relation between the free
water evaporation at Paramaribo and the air tertyreraWhen this method is employed, the
estimated values are more or less of the same todgnhwhich are presented in the table below.
When an increase in of 3 °C occurs, the increageotantial evaporation is according to these
two methods respectively 0.7 and 1.9 mm/day, ofclvlihe average of both is 1.3 mm/day as
presented in the table below.

Table 1. Potential evaporation estimated by meértseoThornwaith and Lenselink & van der
Weert methods.

Eo Thornwaith | Eo Lenselink & van | Average

(mm/day) der Weert (mm/day)
Temperature | Current |Increase | Current | Increase | Current | Increase
°C
27.3 4.8 -- 4.5 -- 4.7 --
29.3 5.3 0.5 5.8 1.3 5.6 0.9
30.3 5.5 0.7 6.4 1.9 6.0 1.3

Increase of C@concentration will reduce the stomata conductangadants and will reduce the
transpiration. The plant water use efficiency witrease. On the other hand plants will increase
in growth and size due to the higher @©ntent and the plants may acclimate to the new CO
conditions.



Sea Level Rise
In the study area a relative rise of the sea lefel.00 m during the coming century will be

considered. This value is composed of several coens. This relative sea level rise of 1.00 m
is composed of a real sea level rise of 0.30 -&orm surges (0.10-30), subsidence (declination
of the soil surface of 0.20-0.70 m) and a probgbiif high water with a return period of 100
years (increase of 0.20 m). For convenience, #ieevof 1.0 m relative sea level rise will be
used further in this document.

Intrusion of Sea- and River Water
When a relative sea level rise of 1.00 m occurs,rtiean high water at Paramaribo will also

increase. Assuming that the tidal pattern will shififormly upward, the mean high water will
also increase with 1.00 m. As mentioned in thasgmé profile the current mean tidal high water
is 1.20 m above NSP. Consequently the mean tiddl Water will be 2.20 m. NSP when a sea
level rise of 1.0 m occurs. This means that onayerb0 % of the time tidal high water will
exceed 2.20 m NSP and since we daily have two tigeles in the study area, on average daily
the water level of 2.20 m NSP will be exceeded.

Most of the areas at the North of the Saramaccal ¢ilorthern part urban area, rural area R-1
and R-2) are lower than 2.00 m. NSP. In the Parnbmarea the ground elevation only at a strip
with a width of about 0.5 km at the north of the &troad/H.Arronstreet from Combe to
Welgelegen, and a strip with a width of about Inb&t the South of the mentioned road over the
same trajectory the ground level is higher thanr2.0rhe elevation of the ground level in the
remaining area at the North of the Saramacca ¢ateds than 2.00 m NSP.

Most of the areas at the North of the Saramaccalaaifi be inundated daily if no adequate
dams and riverbank protection works as well as aaleqdrainage systems are in available. In
this case the tidal water will intrude further lavadd through existing chains of depression and
water courses. At the North-Western part of thelystarea (natural area N-2) only few ridges
exist and it is mainly a wetland system. Sea watay intrude through these chains of wetlands
and depressions landward up to the Kwattaweg (ared R-1). At spots where the elevation of
this road is lower than 2.20 m and/or the road tans8on is weak the intruding water may
overtop the road or break through the constructidre water may flow further to the South
through the canal systems of Jaricaba and the rgmdi area (rural area R-2), towards the
Saramacca canal and may flow further to the dejoressat the South of the Saramacca canal
(rural area R-3 and R-4).



The intruding tidal water may also flow landwardatiigh the central Northern part of the study
area, namely the section between Weg naar Zee amin@ls (rural area R-1) up to the higher
East-Western aligned chains of ridges in casextstimg protection works are not adequate. The
chains of ridges will stagnate the intruding tidedter up to a certain extent, and since these
chains of ridges do not form a complete barrier tfeg intruding water, still water will flow
between the ridges towards the South.

The tidal water may also intrude landward from Heest up to Weg naar Zee (rural area R-1)
through the chain of lower spots between Geyetsatid Flamingo, when adequate protection
works are not present.

The low lying inhabited areas should be protectadtasnable against inundation from the
intruding rising water from the wetlands and the.sEor this purposes a conservancy dam
should be constructed at the North of Paramarilobraral area R1 to prevent inundations of the
low lying inhabited areas, without disturbing thatural coastal ecosystems. There should be a
sufficient buffer available between this conseryadam and the coastline to assure continue
existence of the mangrove ecosystem and to pronatteal coastal protection.

The higher sea level will increase the level of gheundwater near the coast and may become
saline due to the intrusion of seawater. Whereggtmn works like earthen dams exists, seepage
may increase due to sea level rise and may darheg®undation of the construction. The soil
moisture content of the land beyond the protectionks will increase if there is seepage, and
the soil may even become saturated, resultingdnatioon of the bearing capacity of the soil at
the foundations of infrastructural works and buitgliwhich may collapse.

The intrusion of sea water over land as well asuph the subsurface and the ground will
change the salinity of the water in these resourfies water will become more saline.

Current Profile
An overview of the current profile is presentedAinnex-3, taking the division of study area as
mentioned in section 1.2 into account.

Future profile drainage infrastructure
Future Conditions Water Resources

Precipitation and Storms




In Paramaribo (Cultuurtuin, urban area U) it appehat the annual rainfall is decreasing, whilst
at the South (Lelydorp, rural area R-6) it is iragiag (see Present Profild}.is expected that in
general the intensity of the rainfall will increaseéhilst the duration of storms will decrease.

In this future profile it is considered that thenaal rainfall will be constant, whilst duration of

the rainfall will decrease and the intensity wilcrease. Due to the higher rainfall intensity the
surface runoff and sub-surface flow will increasel $he base flow will decrease. There will be
more floods with higher magnitudes whilst during geriods the magnitudes of the low flows
will be less.

During period of rainfall, events with excessivenfall causing inundations will occur more
frequently if the drainage system is not adaptdek Aigher intensity will cause more erosion of
the soil and due to the increase in excessive vaatdrfloods pollutants may be flushed much
more resulting in a worst water quality.

Due to the increase in temperature the energy enatimosphere will increase and also the
maximum wind velocity. Storms will be more severnghwhigher rainfall intensity accompanied
with higher wind speed. Due to the higher wind sps®srm surges and ocean and river waves
will also increase.

As mentioned in section 1.3, the potential evaporawvill increase with about 1.3 mm/day when
the current air temperature increases with 3°C\ailidhave consequence on the precipitation
surplus. This increase in potential evaporatiorl aiinually decrease the precipitation surplus
with 475 mm. The long term annual mean pan-evajorat Zorg & Hoop is 1405 mm and with
an increase of 475 mm in the future the annualretieevaporation will increase up to 1880
mm. In areas where the annual precipitation is leguizss then this value, mainly areas near the
coast, there will be a precipitation deficit. Algoshould kept in mind that there is trend of a
slightly decrease in the annual precipitation atish Cultuurtuin.

Suriname and Saramacca Rivers

The general pattern of stream flow is that therrfi@v will increase when there is an increase in
the precipitation and a decrease in river flow whiegre is a decrease in precipitation. Climate
change may affect the river flow through the chamgmagnitude of the precipitation and also
through its changes in the onset and duration.

In the Country Study Climate Change Suriname fiéntioned that the specific discharge is 25.8
|/s/kn? for the Suriname and 25.0 I/s/kifior the Saramacca river basin, which corresporitts w
respectively 813.8 mm/year and 788.4 mm/year résde It is estimated that the annual
runoff in the Amazon region will decrease with 215050 mm/year by 2050, which will be about
19 — 30 % of the current discharge of the two abwmioned rivers. Although the Surinamese



rivers hydrological are not linked with the Amaziawer basin, regional changes in rainfall will
have influence on the rainfall in Suriname. Therefas its difficult to determine whether there
will be more discharge at the end (finally) or less

In general it is likely that the magnitude and freqcy of floods will increase, and low flows are
likely to decreaseNon-climatic changes should also be taken into @t the estimation of
the future profile and may have a higher impach ttie effects of climate change.

Climate changes will affect the flood frequency.eOmay assume that changes in monthly
rainfall also apply to “flood-producing” rainfalA scenario with a 2 °C increase in global mean
temperature shows that the flood discharge for sowees in Bangladesh could be 15.6 — 19 %
higher.

Changes in the hydrologic drought frequency shalkb be considered. Droughts may be
expressed in terms of rainfall deficit, soil morgtuweficit, lack of river flow, low groundwater
level and low reservoir level, depending on theniedn used in the different sectors. There is a
distinction between hydrological drought and watsources drought. A hydrological drought
occurs when the hydrological magnitudes represgrtktia availability of water are low like river
and groundwater level, and a water resources dtaamur when the low availability of water
impact the water use. The occurrence of water ressudrought depends not only on the
climatic and hydrological conditions, but also dweristic of the water resources systems and
the management of droughts. In this section mdaesnton is paid on hydrological droughts.

The effect of climate change on the magnitude aeduency of low flows is significantly
affected by the catchment’s geology. In genergheinterior of Suriname the base-flow is low
due to the rocky conditions there and low flowd Wwé sensitive to climate changes.

Since the Suriname river is regulated the dischafdleis river will be constant and variations in

peak and low flows will be reduced. Possible floedgnts whereby the capacity of the Van
Blommenstein Storage Lake is not sufficient to estttre storm water and the need to spill this
water should also be considered.

Due to the increase of the potential evaporatioth .3 mm/day there will be less water
available for the discharge and the discharge ef riier will decrease. The actual evapo-
transpiration will depend on the available moistanel vegetation and since in the storage lake
always water will be available the evaporation vaé equal to the potential evaporation. An
increase in potential evaporation of 1.3 mm/day galise an increase in the actual evaporation
from the lake with this value. Taking the areatwf take, which is about 1,600 kninto account

a decrease of about 24/sec in the freshwater discharge in the Surinaver sill occur. This
decrease of discharge will increase the salt idrusandward. According to chlorinity data



included in the Country Study Climate Change Sumi@athe salt intrusion will move about 8-10
km landward when a decrease of 24s®c occurs in the discharge.

There are plans to implement the Jai Creek Pheaajagb to increase the hydropower capacity
of the Van Blommenstein Storage Lake. Water froemNtarowijne catchment which is adjacent
to the catchment of the Suriname river will be died to the mentioned lake through the Jai
creek. It is estimated that the regulated dischafgbe Suriname river will increase with about
60 m3/sec when this project is implemented. A netdase of about 36°fsec will occur, which

is the additional discharge of 60 m3/sec minusetktea loss of 24 m3/sec due to the increase of
evaporation from the lake. It is estimated thathis case the salt intrusion will be less then the
current conditions and will be about 10 km back® sea.

The Saramacca river is not regulated and the iseckgariation in discharge in this river will be
noticeable. Due to the increase in the magnitudh@fmaximum flow in this river during the
wet period, the tidal and salt intrusion will besde and during dry periods it will increase since
the magnitude of the low flow will decrease. Polysibe salt intrusion may be up to upstream of
Uitkijk during dry periods, and it will not be pakke to withdraw freshwater from the
Saramacca river through the sluices there for watpply purposes during these periods.

An increase of potential evaporation as mentionefore should also be taken into account for
the Saramacca river. Due to the increase in th@agation in this catchment also here the
precipitation surplus will decrease, resulting gcikasing of the river discharge and increasing
the salt intrusion.

It appears according to past investigations that3aramacca river has hydro-electric potential.
In case the plans for the generation of hydo-pawehe Saramacca river is implemented this
river will be regulated and there will be less flumtions in the river discharge and in general the
salt intrusion will be less especially during thg deasons.

The water quality will be affected by climate changdirectly and directly by human activities.
Due to the increase in air temperature, the tenyperaf the water will also increase and will
have consequences on the water quality. The satredapacity of the water to dissolve oxygen
and other gasses will decrease. Moreover due tdititeer water temperature the rate of the
decay of organic pollution in the water will inceeaand the use of dissolved oxygen from the
water in this decaying process will also increassulting in a higher oxygen demand. Oxygen-
poor and anaerobic conditions in the water may 0che quality of the water may degrade and
the water may not be suitable for certain purposdsist the aquatic conditions may not be
suitable for certain aquatic organisms like plankftshes and shrimps.

Due to sea level rise the tidal intrusion will ially be greater than under the current conditions.
Tidal river water will overflow the riverbanks. Whe sea level rise occurs, initially the wetted



area of the cross-section of the river near thdathuwill be greater than under the current
conditions, resulting in a decrease in velocityisTtondition will improve the settling of the
sediments, mainly from the sea, resulting in amrelase of the elevation of riverbed and the
inundated riverbanks.

The sedimentation in the tidal zone near the dut¥dl continue until equilibrium is reached.
Due to the sedimentation the wetted area of thesesection of the river will decrease and the
current of the river flow will increase. This se@mation process will continue until the
condition is reached such that the velocity isdtvong to admit sedimentation. In this case there
is a balance between sedimentation and erosiothanel is equilibrium.

In the long run the water depth at the river mautlhbe similar to the current condition. Further
upstream the water depth is greater due to theaser of water level, whilst sedimentation on
the river bed does not occur there.

Although the water depth at the outfall in the lang will be similar as the current conditions,
the tidal and salt intrusion will increase duehe higher sea level.

Wetlands and Natural Areas
Lakes and wetlands are vulnerable to changes mmatl parameters. Variations in air

temperature, precipitation and other climatic congus directly cause changes in the evapo-
transpiration, the water balance, hydro-chemical hpdro-biological regimes and the entire
aguatic wetland systems. Due to an increase iteaiperature the evaporation will increase and
a wetland may disappear completely under certaiindiggical conditions.

In general there are two types of lakes namelyheiorand endorheic ones. The first mentioned
type is drained by outflowing streams and rivemsd&heic lakes are closed/isolated lakes and
have no outflow. This type of lakes depend on thkdce of inflow (including rainfall) and
evapo-transpiration, and are very sensitive to a@rchange especially the smaller ones. In fact
the existence of these types of wetlands is aatsdle of the climatic conditions.

In the coastal plain, where the soil is composedngfermeable clays with some isolated
wetlands, the conditions of endorheic lakes eXAst.mentioned before small wetlands of this
type are very sensitive to climate change and magpgear completely, especially when a
precipitation deficit occurs during a longer timeripd.

In the low elevated areas at the North of the Kawedig/Gravenstraat (urban area U and rural
area R-1) the wetlands which will be inundated loy intruding water will not dry up. In this
case the salinity will increase. At areas at that®of the mentioned road where wetlands are
not reached by the intruding tidal water due tauredtand or artificial conditions smaller and



larger endorheic lakes may disappear when the amawmall is less then 1880 mm/year and a
precipitation deficit occurs.

Climate change will also affect the water quality wetlands. As mentioned before the salt
intrusion will increase the salinity of the waterthe wetlands. Near the coast the salinity may
become extremely high due to accumulation of sathfthe sea. During high tide tidal sea water
overtops the higher natural barriers and during tiole this water will not be able to flow back
into the sea due to the natural barrier. The trdater is trapped and will be evaporated and the
salt components will remain and be accumulatetienietland.

As mentioned before increase of the water temperadue to increase of air temperature and
human activities will degrade the quality of thetera Also the higher rainfall intensity flush
much more sediments and pollutants into the wetland

Due to the increase of the sea level, sea watéinuihdate the land near the coast or riverbank.
Since the elevation of the land beyond the coastind the riverbanks are not uniform in the
natural area, in areas where the riverbank or dlastal protection do not exist at high tide water
will flow through the lower parts further landwarthis tidal water will flow again towards the
sea during low tide. In those parts where the ctroéthe water is low sedimentation will occur,
and the elevation of the bottom will increase.Ha tower parts where the water is flowing and
the current is higher the sedimentation will besleBhese courses will remain as wide tidal
streams, where also freshwater is discharged hetcea.

Freshwater wetlands near the coast will initialscbme brackish due to the intrusion of sea
water. In the course of the abovementioned sedatient process the elevation of some parts
will increase and the flow of tidal water will banpially blocked. During the high tide sea water
will flow landward and this water will not be altie flow again to the sea during low tide due to
the blockages in the water courses. The waterlatéir on be evaporated and the salt residues
will accumulate beyond the blockage and will resulhyper saline water conditions if it is not
diluted by the freshwater from landward precipdati

The freshwater wetlands landward where the intgidieawater cannot reach frequently and the
freshwater is sufficient to dilute or flush awayethrackish water, these wetlands will become
fresh at a later stage.

In case the sea is rising gradually the processeabd estuarine zone will continue and the
mangrove ecosystems and the estuarine zone wiliateigo further landward. This ecosystem
will not be able to migrate and develop furtherdaard if there are dams or other coastal or
riverbank protection works, which stagnate the tgyment of this system. If an open

connection in the protection works is establish #m&l seawater is able to flow into the land
beyond the protection works at high tide and tevflagain towards the sea during low tide, a



mixing zone beyond the protection works may ocewt a mangrove and estuarine eco-system
may develop.

The abovementioned conditions occurred at the Gerooast near Zoetwater canal in about
1995. The area at Coronie beyond the earthen pitedam was during the last centuries
cultivated where the water management was adequat@o intrusion of sea water was there. In
this area the available water resources was freshdaring the last decennia mainly only
coconut plants existed. Due to the attack of tleeas®l leakage of tidal water through the not
functioning sluice near the sea into the Northeoldgr area, tidal water flowed towards the
polder during high tide and back towards the seaaguow tide. Natural tidal flow and brackish

conditions occurred, and sediments and seeds ofjnmaes were transported by the water into
the polder area. After a while mangrove vegetateneloped and the soil was silted up. This
area where mangrove vegetation has developed a¢aewhich is currently attacked by the sea.

Even if there are dams and protection works near dbastline mangrove and estuarine
ecosystems may be developed beyond these protestwks if tidal flow is permitted.
Consequently brackish wetlands may occur as mezdiabove.

If the protection works halt the intruding seawatamackish wetlands will not develop beyond
the barrier. The brackish water which is beyondghaection works will be flushed gradually
by the freshwater during the draining and the vmel$awill become fresh.

Near the outfall of the river at the inundated rbanks streams and islands may be formed due
to the sedimentation process and a delta-like Eaps may be formed.

Soil Moisture and Groundwater
Soil moisture is important for the moisture supfaythe evapo-transpiration process, and also it

contributes to the discharge. The availability oil snoisture is important for crops, namely for
the transpiration and the development of the plahé effect of climate change on soil moisture
depends on the capacity of the soil to retain mdisie lower this capacity the greater the
sensitivity to climate change is. Climate changeynatso affect the soil moisture storage
capacity itself. Due to climate change among otleeasking of soil may occur and may affect
the soil moisture storage capacity.

Climate change may affect the groundwater due ¢ohigher evapo-transpiration rate resulting
in less recharge of groundwater. Shallow unconfiagdifers may be depleted by the increased
evapo-transpiration rate and lenses of fresh grovatdr may disappear.



It is expected that the salt intrusion in the shalgroundwater reservoirs will increase due to the
higher sea level and the intrusion of sea wateis #lso expected that the salt-intrusion in the
deep aquifers will increase due to the higher ss&lland the continuous and increase of
withdrawal of freshwater from these aquifers duthincreased water demand.

Future Conditions Utilization
General

Consequences of climate change on the water resalso depend on changes in demand, both
human and environmental. Demand can be dividedre@as and off stream ones. In the first
mentioned case water is used within the water sy$ite a river or canal, and withdrawals from
the source are not involved, for example fishegyigation and hydro-power. When the water
demand is off stream, water is withdrawn from therses like domestic irrigation and industrial
demands.

The demand can also be consumptive and non-cotistem@/hen the demand is consumptive
the withdrawn water is not returned into the soliteirrigation and domestic water supply, and
the use of water for cooling in industrial actig&i(evaporation). On the other hand the demand
is non-consumptive when the withdrawn water ismregd into the sources even it is not in the
same condition.

As mentioned in section II.1.2 there are two dé&fmis of drought, namely hydrological and
water resources droughts. When the water demandvatet use is taken into account, water
resources droughts are considered whereby apam fitee hydrological conditions also
characteristic of the water resources systems hadranagement of droughts are taken into
account.

Drinking and Industrial Water Supply

The amount of municipal water withdrawals dependsttee number of dwellers, the level of

development, income levels and the price actugbiylied to water. It can be expected that
municipal withdrawals in developing countries li&ariname will increase in the future due to
the increase of living standards. Moreover raplzhnization in developing countries is expected
in the future which will cause very substantialrgases in the total water withdrawals. Demand
for drinking and industrial water supply will in@ge due to population growth and economical
development. Due to the increase in air temperdh@evater use will also increase.

Future industrial water use is expected to risestsutially as industrial development continues,
however the rate of this increase will probablylégs than the industrial production, as water



will be used with greater efficiency. It is howewetpected that the total industrial water use in
Latin America will increase largely.

Currently deep aquifers are used as source fokidgnand industrial water supply. Only the

Zanderij aquifer is subjected to recharge and émeaining are mined. It is expected that in the
future the salt-intrusion in the Zanderij aquifatlwcrease due to increasing of the withdrawals
and decrease of recharge, whilst it is likely th@ remaining aquifers will become saline

completely due to the mining of the water.

In the future it will be necessary to transport evdtom sources outside of the study area as
currently partially already is happening. Also sod water will be used as source for the
drinking water supply in the future due to the ease of demand of drinking water and the
limited capacity and extend of the existing deegugd water resources.

Agricultural Water Supply

In agricultural countries withdrawal of water farigation purposes accounts in general for the
greatest part of the total water withdrawal. Theoam of water use for agricultural purposes
depends primarily on the level of irrigation devmitent, the pricing of water and the reliability

of the supply. Future irrigation uses are a functod the rate of expansion of irrigated land,

irrigation efficiency and pricing practices.

Due to the higher air temperature caused by clirshtnge, the potential evapo-transpiration
will increase as mentioned before. The soil moestaind upper ground water will be depleted
more frequently resulting less availability of ntdigr the crops.

Most of the agricultural crops in the study area@irrently rain fed. Since it is expected that the
rainfall will be concentrated in smaller periodsjnr fed practices will limit the agricultural
development. Facilities are necessary to store ssikee rainwater and to use this water for
irrigation during the dry periods. Moreover modémigation and cultivations practices with a
high efficiency in water use need to be introduaed applied extensively, like hydroponics.

Navigation

As mentioned before industrial development in depiglg countries may be expected and
navigation will increase in the future. The Surimamver is used as water way to the most
important harbors, among others the Nieuwe Havendnan the capital, and the Suralco harbor
at Paranam. It should be kept in mind that dudnéosea level rise it will be necessary to adjust
the height of the harbors and also it should bentakto account that the clearance of the bridge
over the Suriname river and the navigation lockB@irsteek and Uitkijk will decrease with one
meter. Moreover future changes in sedimentatiocgs®es in the navigation channels should be
taken into account.



Fishery

As mentioned before climate change may change therwquality. Increase in the water
temperature will decrease the maximum capacityhef water to dissolve oxygen and may
degrade. This will have consequences in the fishstunimp population.

Due to the increase in salt intrusion the freshwhshes will migrate to upstream. In case the
estuarine ecosystems is disturbed or disappeafutiotion of this system as delivery room for
marine fishes and shrimps will decrease or wilabsent, resulting in a decrease in the fish and
shrimp population in the coastal waters.



Future profile drainage infrastructure

Inundations and Erosion

As mentioned in section 1.5 most of the areas atNbrth of the Saramacca canal will be

inundated daily when a relative sea level rise.00Im occurs, if adequate dams and protection
works as well as adequate drainage systems angresent. Infrastructural works are important

for human activities in this area. The need foséheorks will increase strongly when a sea level
rise occur to manage the water adequately, foaticessibility of the area and to work and live

comfortable.

It is mentioned before that the waves near thetaas in the river, as well as storm surges will
increase due to the increase in the maximum wirnakcitg combined with the higher sea level.

Under these conditions the wave attacks and eragilbbe much more severe and upgrading of
protection works will be necessary.

Coastal and Riverbank Protection

Due to the future higher sea level inundation ofdlaear the coast and river will occur more

frequently. The dimension and height of existingistal and riverbank protection works and

dams will not be sufficient to halt the erosion amiluding water in the future. These protection

works will be overtopped if it is not increasedeilevation and enforced. Under worst conditions
the protection works might collapse due to the whsglraulic conditions and the land beyond

these protection works will be inundated by theuding seawater. The question is whether there
will be more infrastructure build in the future“a® regret option” or not.

Currently a study is in execution by the MinistfyRublic Works for the construction and design
of an enclosing canal-road/dam system in the Natthning from Leonsberg (in the East) to
Pomona (in the West). The purpose of this systeamisng others to halt the intruding water
from the coastal wetlands. It is important to keegufficient buffer zone between this dam and
the coast to assure the continuation of the mamgeswesystem which is important for the natural
coastal protection and the ecology and environment

It likely that the existing dams and protection Wwill be upgraded periodically as a response
to the expected sea level rise and it is alsoikkeht additional adaptation measures will be
taken spontaneously.

Urban Drainage
Urbanization and population growth will occur inethstudy area as well as industrial

developments. The capacity of the existing drairggtem will not be sufficient to drain away



the excessive rainwater and seepage as well agaste water. Moreover due to the increase of
the intensity in rainfall in the future, the sugawnoff will increase and will not be drained away
adequately by the existing drainage system.

Due to the increase of the sea level the capatitiyeosluices will decrease and gravity drainage
will not be possible anymore. The urban areas shioelldrained by pumping. When the sea level
rise is 1.00 meter above the current level, it widt be possible at all to drain by means of
gravity. Employing pumps instead of gravity draieagill require investments for the
establishment of pumping stations and energy véllreéquired for the operation, resulting in
higher maintenance costs.

The decreasing possibility of gravity drainage lieady noticeable. Recently the Ministry of
Public Works constructed 5 pumping stations in #stedy area, which is a part of the
recommendations included in the Masterplanstudyabibrainage Paramaribo. A second phase
to construct additional pumping stations for urlshainage is in preparation. Since the water
level in the sea and river will continuously be Heg than the ground level when a 1.00 m sea
level rise occurs, seepage from the sea and rilenecur which will require higher pumping
capacity.

It is likely that the drainage system will be updgd periodically and more pumping stations will
be establish in the future, while sluices will hgpled less in the coastal plain. Moreover the
awareness of the population for the inundationdnachage problems will increase as well as the
awareness for climate change and sea level rise.t@the increase in problems regarding these
issues it will not be attractive for people to livethese low lying areas and they will migrate
spontaneously and gradually to the higher lyingitan

It is likely that in the future due to the incredsmlume of produced wastewater and decrease of
the water quality, attention will be paid on thesdeor treatment of domestic and industrial
waste water. In the far future it will also be nesary to establish central sewerage treatment
plants.

Nowadays the awareness for the need of adequats mainagement increases and attention is
paid on the establishment of smaller water managenmats. Recently water boards have been
reactivated to look after the rural water manageametocal and regional level. It is likely that in
the future more attention will be paid on the ingional aspects of the urban drainage to
increase the efficiency of the use of the draireygtem.

Roads and Bridges
Increase in the air temperature may affect the ppams of roads when the construction is on

bitumen base. Due to increase of air temperatwevigtosity of the bitumen will decrease and
the pavement will become less solid and the beacapacity and stability will decrease. An



increase in air temperature of 2-3 °C during thet mentury will have only little impact on the
bitumen road pavements. The pavements are regufailytained and by the time the increase of
air temperature occurs, bitumen with the appropnaggcosity will be used if necessary.

Roads and bridges are needed for the access tagbiad and inhabited areas, and is one of the
most essential requirements for development. DuexXpected increase in population, the
urbanization and the development in the future inkensity in the network of roads and bridges
will increase as well as the dimensions of thesestactions.

Most of the roads and bridges will be inundateth& coastal and riverbank protection works as
well as the drainage are not adequate when a gefrige of 1.00 m occurs and/or the intensity
of rainfall increases. The roads in the Northerri pathe study area will be overtopped or may
be damaged by the intruding tidal water.

Generally the systems of roads and bridges willogoaffected by sea level rise and inundations
if the protection works and drainage systems amctfoning adequately. In areas where

inundations occur and the drainage is poor theasall road construction will be weakened as
well as the foundation of bridges. This will resudtdecrease in the bearing capacity of these
constructions and it may be damaged and may cellaps

Harbours and Navigation Canals
Due to sea level rise the elevation of the harlwolisbe too low and should be raised to fulfill

the requirements of these navigation facilities.rétwer the clearance at the bridge over the
Suriname river and at the navigations lock at Satma Doorsteek and Uitkijk will decrease due
to the sea level rise.

The changes in the sedimentation processes inawigation canal due to climate changes and
sea-level rise should be taken into account. Astimreed before the sediment transport from the
Amazon river basin will increase and on the othemchthe Guyana stream will be deflected to
the North.



Vulnerability of water resources and drainage infra  structure

Water Resources

The water resources in the study area are vulrettabtlimate change. Due to increase of air
temperature the processes in the hydrological oydlebe accelerated. The duration of rainfall
will be less whilst its intensity will increase. fitels of drought and the climate variability will
increase. Also the evaporation will increase ammtelwill be less water available for discharge.
Although currently generally on annual base thera iprecipitation surplus, in some cases a
precipitation deficit may occur on annual basehm future.

The Suriname river is also vulnerable to climatande. Due to the higher evaporation the mean
river discharge will decrease. The variability imer discharge will increase. Due to the higher
rainfall intensity the magnitude of the peak flowlwncrease and/or the low flow during the dry
periods will decrease, with longer periods of diulsg Downstream of Van Blommenstein
Storage Lake where the study area is located W#ee discharge is regulated and the variation
will be less noticeable. In case of severe storrentss and the capacity of the lake is not
sufficient to store the excessive water, this watdirbe spilled. During dry periods there might
be shortages of water to generate hydro-powerdaltieetincreased variability of the discharge.

Due to the decrease in the mean discharge andctherence of sea level rise the intrusion of
tidal water will increase. The tidal limit and safttrusion will move further upstream. The
mixing zone between freshwater and brackish watdi move further upstream and
consequently muddy bars in the river bed will benrfed up to further upstream, resulting in
silting up of the river channel. Moreover the segliintransport from the Amazon basin will
increase due to the higher rainfall intensity thevaich also will contribute in the increase of
filling of the river channel

Due to the increase of the salt intrusion the ggliof the water will increase, whilst due to the
higher erosion rate in the river basin the siltteah and concentration of pollution in the river
water will increase. Moreover due to the increasiedemperature the quality of the water will
degrade further.

Due to the higher temperature the wind speed nallease and also marine and river waves, and
storm surges. This will increase the attack orctheest and river banks.

In the Saramacca river more or less the same wesasill take place. The only difference is
that this river is not regulated and the variapiitll be notable here.



The wetlands are vulnerable to climate change.tDwea level rise the wetlands in the Northern
part of the study area will be inundated by thaltgka water. The salinity will increase, and the
water quality will become worst due to the highertemperature. Flushing of the sediment and
pollutants due to higher rainfall intensity of tihainfall will also affect the water quality
negatively. In areas where there are no barriersethvetlands will migrate landward. If barriers
exist, these wetlands will disappear.

At locations where the annual precipitation is lésn 1,800-2,000 mm and the intruding tidal
sea water cannot reach small endorheic (closed¥)dkese lakes may disappear.

Due to the higher evaporation less water will bailable for groundwater recharge. The
evaporation of moist from the soil will increasedathe soil will dry up. Fresh water ground
water lenses may disappear due to the higher ea@por Due to climate change the
characteristic of the soil may change and the geocapacity for moist may decrease

The salinity of the shallow groundwater will inceeadue to the intrusion of sea water. Also the
salinity of the deeper groundwater will increase tluthe increasing sea level and the mining of
water.

Utilization of Water Resources

The demand for drinking and industrial water suppily increase due to increase of population
and economical development. The aquifers whichnatesubjected to recharge will be mined
out, whilst the capacity of the Zanderij aquiferaimd near the study area will be to low to satisfy
the demand. Water will be withdrawn from resourgesside of the study area including surface
water.

Agriculture in the study area is mainly rain feduebto climate change the rainfall will occur
only during shorter periods and dry periods wittremse. Moreover during the dry periods less
soil moisture will be available due to the increhsyaporation. The salinity of the shallow
groundwater in the Northern part of the study amddincrease and will not be suitable for
irrigation purposes.

It is expected that navigation in the future wilciease due to economical development. The
height of the harbors should be adjusted due tcs#aelevel rise. The clearance of the bridge
over the Suriname River and the locks at Uitkijkl @oorsteek will decrease. The navigation

channel will be subjected to a higher sedimentatie.

Due to the higher air temperature the concentraifatissolved oxygen will decrease. The water
quality in the water systems will degrade due te thgher temperature and the increased



flushing of sediments and pollutants. This will Bamnegative consequences on the fish
population.

Due the higher salt intrusion the freshwater fiswdsmigrate towards the South. Disappear of
the mangrove and estuarine zone will have negatifect on the marine fish and shrimp
population, since the mention ecosystems funcisntheir delivery room.

Infrastructure

Almost the whole area at the North of the Saramaarsl will be inundated daily when a
relative sea level rise of 1.00 m. occurs and timéeption works and the drainage system are not
functioning adequately

The dimensions of the existing coastal and riveklyanotections and dams will not be sufficient
to halt the erosion and intruding water when atinedasea level rice of 1.00 m. occurs. These
protection works and dams will be overtopped isinhot reinforced and increased in elevation.
Under worst conditions these works may collapsetdude worst hydraulic conditions and the
land beyond these woks will be inundated.

The urban drainage will be affected by climate gearDue to the higher intensity of the rainfall
a greater amount of water should be drained ounduhe same time period. If the current
drainage system is not adjusted there will be moumdations in the future. Also due to
population growth and urbanization, the capacitytred current drainage system will not be
sufficient.

When a relative sea level rise of 1.00 m occuvglltnot be possible to drain the study area by
means of gravity. Pumping will be necessary, acamga with high investment and operation
and maintenance costs. Recently the Ministry ofliBMdorks constructed pumping stations and
plans to construct additional ones in the neamréutu

The amount of wastewater discharge will increasetduhe population and economical growth
and will have impact on the quality of the watesaerces. Due to the increase in temperature
and flushing of sediment and pollutants the qualftthe water will become worst.

When the tidal water intrudes landward due to seallrise the foundations of roads, bridges
and other constructions will be influence negativehen it is inundated. These constructions
may decline or even collapse.

The level of harbors will be too low when a relatsea level rise of 1.00 m occurs and should be
adjusted. The clearance of the bridge over then8are River and the navigation locks at Uitkijk



and Doorsteek will decrease. The increase of sedatien and the landward moving of the
mixing zone of brackish water will have an impact the navigation canal in the Suriname
River.

Vulnerability of the Area

An overview of the vulnerability is presented in rfax-4, taking into account the division as
mentioned in section I.2. The most vulnerable s@as are those near the coast, namely rural
area R1 and natural areas N1 and N2, of which dfeevability is classified as very high. The
vulnerability of the urban area U is high, whilsétsub-areas R3 and R5 are medium vulnerable.
The sub-areas R2, R4 and R6, which are centralddcare low vulnerable

Adaptation strategy water resources and drainage in frastructure

General

In the future profile it is mentioned that Surinaimerulnerable to sea level rise and measures are
necessary to cope with the arising problems. Atesgsashould be developed for the future. In
this strategy the vulnerability of the area to @temchange and sea level rise should be taken into
account.

Referring to the division of the study area intb-suweas in section 1.2, the least vulnerable sub-
areas are R2, R4 and R6, whilst the adjacent Soutlweal sub-areas R3 and R5 are medium
vulnerable. On the other hand R1 is the most vablersub-area. Urbanization and expansion of
Paramaribo towards the North (sub-area R1) shoaltdited, whilst these activities should be
promoted towards the sub-areas R2, R4 and R6 $wustainable development. Adequate main
road and drainage infrastructures are alreadyahblailin the three last mentioned sub-areas, and
should be upgraded to increase its capacity.

The most important existing main roads through eéhé&sast vulnerable sub-areas are the
Kennedy Highway, Indra Gandhiweg and Magenta ceved (bridge over the Saramacca canal
is being built) towards the South and the Comm. Wgihweg towards the West. In the future

Lelydorp will become an important city in the studyea. Nowadays this settlement is already
the central of the Wanica district, since the Cosmiainer of this district is based there. The
expected expansion of the urban area is presemtibe imap of Annex-7, whereby sub-area R-4
has been turned completely into sub-urban area.

Currently urbanization (ribbon building) is alreadging developed along the Indra Gandhiweg,
the connection road between Paramaribo and Lelydmn it is expected that this development



will continue. It is expected that along the KedyeHighway the population density will
increase also, and that urbanization will develop@the Magenta canal road.

Depending upon the adaptation measures which willaken, it is expected that the Northern
coastal part of the study area will become naturgilands, which forms the natural coastal
defense. A conservancy dam at the North of Pardsmand the inhabited and production areas
will need to be constructed to protect these aag@snst the intruding water from the Northern
wetlands. This type of soft and natural coastaédgd is advisable since the cost of investment
and maintenance is lower compared to hard/artifici@asures like seawalls. Moreover the
coastal estuarine ecosystem and its function wvelbbeserved like, the delivery-room function
for marine fishes and shrimps.

It is necessary to have well developed water-botrdgptimize the water management. Levying
for the use of water management facilities is e&sefor a sustainable water management
operation. The levy should be based on the actmlofithe water management facilities by the
individual inhabitants.

Under the current conditions the available dataywkadge and experience regarding climate
change and sea level rise in Suriname, which i®ssacy for the development of integrated
coastal zone management, is limited. For this medts difficult to develop a rigid long term
strategy. Since the available data and knowledgarding climate change and sea level rise is
limited, there is still little experience availablegarding coastal zone management under the
Surinamese conditions.

For the adaptation strategy three phases are @adichamely

Phase 1 : 2008 — 2025, no extensive protectioextensive development
Phase 2 : 2025 — 2060, Implementation phase
Phase 3 : 2060 — 2100, Fine tuning and monitoring

During phase 1 the government will continue with tingoing activities regarding coastal zone
and the riverbank protection, and water managentakit)g the sea level rise into account. The
strategy during this phase is more adaptation coetbiwith local protection. Expansion of

human activities in the Northern low lying coastakas will be stopped. The coastal and
riverbank protection works in the existing inhabitreas will be maintained. Retreat will not be
considered yet as a high priority option in thiggd. Attention will be paid on the planning, data
collection and research regarding to climate chaagd sea level rise. During this phase
attention will be paid on:

1. Further development of the communication netwodkjzontally as well vertically
2. Awareness



Observation and data collection

Preparation and establishment of institutes

Research and monitoring

No regret strategy

. Spatial planning

During phase 2 the physical measures will be impl#ed and during Phase 3 there will be a
fine tuning of the implemented physical measures.

Noo,~®

As mentioned before the no extensive protectiorextensive development option will be taken
into account in Phase 1 (2008-2025). The followantyvities are included in this phase:

1. Stop all developments and human activities in tletiern natural coastal zone, and give
these areas the status of protected area.
2. Continue with the ongoing activities regarding ¢ahand the riverbank protection against
the intruding water, and water management, takiegsea level rise into account.
Increase awareness
Establish planning zones, including
- Natural areas
- Green zones
- Housing/building zones
- Expansions (land-use)
- Agricultural zones
- Industrial zones
5. Management and Operations, and Studies
- Institutional Strengthening (existing) and capadbityiding
- Implement laws/legal aspects

hw

Water Resources

It is necessary to preserve the wetlands and naoosystems in the coastal zone, immediately
beyond the coastline (estuarine zone) and to prematural protection. The wetlands and other
water resources in the Northern part should renmaimdisturbed condition. Spatial planning for
development and urban expansion is the first pteseq for the development of a strategy for
the utilization of the water resources.

The adaptation strategy for the utilization of watsources are as follows.

Drinking and Industrial Water Supply

Improve the efficiency in the production, transptidn and use of water for domestic and
industrial purposes. Recycle waste water in th@strial sector as much as possible to limit
the water pollution and increase the efficiencwater use.



Introduce a dual water supply system whereby wafehigher quality is used only as
drinking water, for the preparation of food and $pecific industrial purposes, and water of
less quality for the remaining activities and puag® like bathing, washing, flushing of
toilets, cooling of machines and fire control.

Adjust the tariffs for water use such that the igsefficient and the tariffs are in balance with
the costs, and safe drinking water is accessiloleVfery inhabitant.

Development of drinking water producing stationghia Southern part of the study area and
in the Southern neighboring district for the waseipply in the study area, whereby the
deeper groundwater is used as source.

Continue the usage of deeper groundwater as sdordbe production of drinking water.
Those freshwater aquifers which are not subjeatetetharge will be mined and become
saline and will not be depleted any more. The wdladl of water from the Zanderij aquifer
which is subjected to recharge should be suchttigtvithdrawal is equal or less than the
recharge itself, so that the resource is not mined.

Additionally surface water from the Suriname riwsill be used as raw water for the
production of drinking water to satisfy the demand

Agriculture

In the Northern part of the study area where theuid level is low and where the
groundwater and the surface water will become sabinshift will be made to cultivate crops
which are tolerant to saline water.

In the Southern part where the ground level is éiigfreshwater crops will be cultivated.
These crops will be irrigated since the periodsimiughts will increase. Irrigation systems
will be established whereby freshwater will be witawn from existing surface water
resources like the Suriname, Para and Saramaaa.rim other areas where river and creek
water is not available, water storage facilitiedl We established to store the excessive
rainwater from the storms and will be used forgation during dry periods. In this case
existing wetlands may be converted into water ggtay damming it up.

The highly efficient use of land and water for agtiural purposes like hydroponics will be
promoted.

Fishery and Aquaculture

There will be a shift from fresh water fishery tatkish water fishery in the Suriname river
and in wetlands at locations where the freshwageoime saline. Freshwater fishery will be
practiced upstream the Suriname river and in wdddandward where the water is fresh

In the Northern part of the study area beyond theosing dike where brackish water is
available, agricultural practices will be shiftantultivation of brackish shrimps and fishes.

Navigation



The navigation channel in the Suriname river will eepened regularly using modern
methods

Existing harbors will be adapted to the higher maxn water level and increasing storm
surges and waves.

When new harbors are constructed the higher maximwater level and increasing storm

surges and waves will be taken into account indisgn. International and greater harbors
will be constructed further in the South, upstreainthe mixing zone of the saline water to

prevent sedimentation near the harbor, taking itlyedevelopment into account.

Drainage of Excessive and Waste Water

Treatment of domestic and industrial waste watemtintain good water quality in the
drainage system and natural water resources.
Shift from gravity drainage to pumping when necegsa

Infrastructure

The adaptation strategy for drainage infrastrucisiges follows.

Protection work

Upgrade existing conservancy dams at the Northan&faribo to halt the intruding water

from the coastal wetlands and build new stretchibera such dams do not exist yet. The
location of these new stretches should be suchthieat is a sufficient buffer zone between
these dams and the coastline to ensure the catibnuof the existence of the mangrove
ecosystem and its function, among others naturasteb protection and delivery room for

marine fish and shrimps. .

Gradual reinforce and increase of the height ofteng river bank and other protection works
as response to the actual increase in water lexkstorm surges and waves.

Promote natural protection and stop extensive iietimear the coast and the riverbank.

Drainage

Increase the capacity and improve the existinghdge system as response to urbanization,
expansion of the city and on-going developments

Adapt the drainage system according to the cityspadial planning with emphasis on the
urbanization towards to the South

Apply gravity drainage as much as possible, am@dessary shift to pumping.

Roads



In general the roads will remain in good conditaalong as the maintenance is up to date
and drainage is adequate.

Upgrade the main connection roads towards the South

Due to the higher air temperature bitumen of highsrosity will be used for the pavement
of these constructions.

Harbors

See under utilization water resources, navigation

Bridges

Future sea level rise will be taken into accourthedesign and construction of new bridges and
relevant works.

Data Collection and Analysis

The purpose of data collection and analysis isaia qisight regarding the current development
in climate change and sea level rise, to identdpnds and for forecasting for a longer period.

The following type of data will be collected on tme base

Climatic data in the study area

Data on the water level in the sea and the lowarsas of the Suriname and Saramacca river
and wetlands in the study area

Data on discharge, stream flow, waves, sedimemtara water quality regarding the water
resources

Topographical data

Data on the dynamics of the coast, riverbank aretibed

Institutional Strengthening

Strengthening of the relevant existing instituseseeded and is included in the table below.

Mother Agency Duties Needed Strengthening

Organization

Ministry of Public | Hydraulic Research| -  Collection, - Expansion and upgrading,

Works Division processing, analysis modernize measuring equipment
and management of and operational means
data - Further training personnel in
Execute studies and modern methods
research - Further modernization and
Providing advice mechanization of database
regarding water,




hydrology and
hydraulics.

Meteorological
Service Suriname

Collection,
processing, analysis
and management of
data

Execute studies and
research

Providing advice
regarding
.meteorology and
climatology

Upgrading of the service,
including training, instruments
and operational means

Division for
embankment
constructions

Construction and
maintenance of
coastal and river
embankment
constructions

Further training personnel in
modern methods for inspection
and maintenance of protection
works

Training personnel in modern
methods for integrated coastal
zone and development of coast
zone planning

Mechanize the programming of]
maintenance of protection work

Division for Urban
Drainage

Construction and
maintenance of urbat
and primary national
drainage system

h

Further Training personnel in
modern methods regarding urb
drainage

Further mechanization of the
service

an

Anton de Kom
University of
Suriname

Faculty of
Technology

Train specialists
Execute research
regarding water
hydrology,
hydraulics,
meteorology,
climatology and
environment

Ministry of Labor,
Technology and
Environment

Environment Section

Development
national environment
policy

Monitor execution
national environmen
policy

Promote environmen
and sustainable
development

t

t

National Institute for
Environment and
Sustainable
Development
(NIMOS)

Promote environmen
and sustainable
development
Enforcement

t P.M.

Ministry of
Agriculture

Construction and
maintenance of
secondary and
tertiary infrastructure

in agricultural areas




Water boards |

Ministry of . Maintenance of a part P.M.
Domestic Affairs of the drainage

system in Paramaribo
Ministry of - Construction and P.M.
Regional maintenance of
Development secondary and

tertiary infrastructure
in agricultural areas
Water boards

Ministry of Spatial - Spatial planning P.M.
Planning and land - Nature conservation
policy

Promote and Develop Integrated Coastal Zone Managem ent

The basic infrastructure for the development oédmated Coastal Zone Management already
exists. Agencies already exist in the county whigals with climate and climate change,
hydrology and hydraulics, sea level rise and cdastae management. Some of these agencies
need to be upgraded and the co-operation betwese tigencies with regard to climate change
and coastal zone management should be intenséireticoordination for the activities should be
improved.

The first step is to strengthen the relevant agenas included in the table above and the next
step is to improve the coordination of the actestibetween these agencies to achieve an
integrated coastal zone management. Programsrease the awareness will also be included in
the total program.

The planning regarding to the Coastal Zone shouddcimwith the expected future climatic
conditions, the sea level rise and expected nawoatitions as mentioned in Section V.1.
Within the medium-long term planning inhabitantstlod Northern coastal area need to migrate
to the higher Southern less vulnerable areas. §loms are needed to compensate the abandoned
land and residence.

Legislation

The following legislation should be implementedpedively established:

The Planning Act

The Environmental Act

Update the Draft Water Law and implement this lawere the use, management and
protection of the water resources are includedelkas the institutional arrangements.



Legislation on the use of the estuarine zone ardralariverbank (including mangrove
vegetation)
Legislation on spatial planning and land-use

Overall Adaptation

An overview of the adaptation activities during Bdal is presented in Annex-5, taken into
account the in section 1.2 mentioned division & #tudy area. The expected adaptation by the
year 2100 is included in the table in Annex-6, anthe map in Annex-7
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ANNEX 3

: Current profile

Code | Type Condition Water Resources Infrastructure Drainage facility Protection works
U Urban | - Northern part - Rainfall - Accessibility by land | - Reasonable, high density - Earthen dam systems ex
extremely low - Suriname river (East) is good, road density of sewers and drainage at the Northern border
elevated - Saramacca canal (North) is high canals - Between Leonsberg and
- Sand and shell - Shallow groundwater - Harbors along - Arrears in maintenance,| Combe a road exist
ridges exist - Deep groundwater Suriname upgrading needed parallel to the riverbank
- Piped water supply river exist halting the  river water.
available for the majority - Along the riverbank
earthen dams exist with
protection works at
some spots
R-1 Rural - Northern part - Rainfall - Only parts of the area - Reasonable drainage - Earthen dam exist along
extremely low - Local freshwater are accessible by land, facilities available, very several sections of the
elevated depressions road density is very low density of drainagq coastline
- Sand and shell - Shallow groundwater low canals
ridges exist - Piped water supply - Arrears in maintenance,
available for a small part upgrading needed
R-2 Rural - Low elevated - Rainfall - Reasonable - Reasonable drainage - Not necessary
- Sand and shell - Water from the Saramaccal infrastructure facilities available, low
ridges exist canal supplied through the available, density of drainage canals

canals

- Shallow groundwater

- Deep groundwater

- Piped water supply
available for a small part

road density is low

- Conditions of several
roads bad during rain
season

- Arrears in maintenance,
upgrading needed




R-3 Rural - Higher elevated - Rainfall - Reasonable - Reasonable drainage - Not necessary
- Sand and shell - Water from the Saramacca infrastructure facilities available, low
ridges exist river, Saramacca, available, density of drainage
Panama and Brinkhorst road density is low canals
canals, supplied through | - Conditions of several | - Arrears in maintenance,
the existing canals roads bad during rainy upgrading needed
- Shallow groundwater season
- Deep groundwater
- Piped water supply
available for a small part
R-4 Rural - Higher elevated | - Rainfall - Reasonable - Reasonable drainage - Not necessary
- Sand and shell - Water from the Saramacca Infrastructure facilities available, low
ridges exist river, Saramacca, available, density of drainage
Panama and Brinkhorst road density ig canals
canals, supplied through medium - Arrears in maintenance,
the existing canals - Conditions of several| upgrading needed
- Shallow groundwater roads bad during rain
- Deep groundwater season
- Piped water supply
available for a small part
R-5 Rural - Low elevated at the- Rainfall - Reasonable - Reasonable drainage - Along the riverbank
East along the - Water from the Para river infrastructure facilities available, earthen dams exist with
Suriname river and| - Shallow groundwater available, medium density of protection works at some
higher elevated - Deep groundwater road density is low drainage canals spots
further landward - Piped water supply - Conditions of several | - Arrears in maintenance,
- Sand and shell available for a small part roads bad during rainy upgrading needed
ridges exist season
R-6 Rural - Higher elevated | - Rainfall - Only parts of the area- Reasonable, very low - Not necessary
- Local depressions,| - Freshwater wetlands and is accessible by land, density of drainage canals
sand and shell depressions road intensity is very - Local depressions not
ridges not existing| - Shallow groundwater low well drained
- Deep groundwater
- Piped water supply
available for a small part
N-1 Natural| - Northern part - Rainfall - Accessible from the | - Few drainage canal, - Natural protection

extremely low
elevated

- Sand and shell
ridges exist

- Local freshwater and
saline depressions and
wetlands.

- Shallow groundwater

outfall of the
Suriname river and
from the roads and
canals in rural area
R-1.

Majority natural
conditions




N-2 Natural| - Northern part Rainfall - Accessible from the | - Few drainage canal, - Natural protection
extremely low - Local freshwater and sea and from the Majority natural
elevated saline depressions and roads and canals in conditions
- Sand and shell wetlands. rural area R-1.
ridges exist - Shallow groundwater
N-3 Natural| - Located inthe OId - Rainfall - Accessible through | - Not existing, natural - Natural bank protection
coastal plain - Local depressions and the road to conditions
- Sand and shell wetlands. Santigron, the roads
ridges exist - Shallow groundwater, in Tawajari polder

- Saramacca river, Panama
and Brinkhorst canal

and Kwarasan, the
Panama and
Brinkhorst canal and
the Saramacca river




ANNEX 4: Threats and Vulnerability

Code | Type Population density Land-use Inundation/arsion Threats Vulnerability
U Urban High - Residence - Local short time - Inundation due to sea leve High
- Offices inundation problems rise and increase of
- Industrial activities due to insufficient intensity of rainfall
drainage facilities - Lost of land due to coastd|
- Erosion problems at and riverbank erosion
some spots - Decrease of capacity of
drainage sluices due to
sea level rise
- Longer and frequent
severe dry periods
- Silting up of deep ground
water resources
- Pollution of water
resources
- Uncontrolled urbanization
towards the North
R-1 Rural Low - Residence - Local short time - Inundation due to sea levq Very high
- Agriculture inundation problems rise and increase of
due to insufficient intensity of rainfall
drainage facilities - Lost of land due to coasta|
- Erosion problems at and riverbank erosion
the Northern border, - Decrease of capacity of
intrusion of seawater drainage sluices due to
sea level rise
- Longer and frequent
severe dry periods
- Silting up of deep ground
water resources
- Uncontrolled human
activities
R-2 | Rural Low - Residence - Local short time - Urbanization Low
- Agriculture inundation problems - Decrease of capacity of

due to insufficient
drainage facilities

drainage sluices due to
sea level rise

- Longer and frequent
severe dry periods




R-3 Rural Low - Residence - Local short time - Impact of sea level rise Medium
- Agriculture inundation problems along the Saramacca rive
due to insufficient and Panama and
drainage facilities Brinkhorst canals
- Decrease of capacity of
drainage sluices due to
sea level rise
- Longer and frequent
severe dry periods
R-4 Rural Low - Residence - Local short time - Decrease of capacity of | Low
- Agriculture inundation problems drainage sluices due to
due to insufficient sea level rise
drainage facilities - Longer and frequent
severe dry periods
R-5 Rural Low - Residence - Local short time - Impact of sea level rise | Medium
- Agriculture inundation problems along the Suriname and
due to insufficient Para river
drainage facilities - Decrease of capacity of
drainage sluices due to
sea level rise
- Longer and frequent
severe dry periods
R-6 Rural Low - Residence - Local short time - Decrease of capacity of | Low
- Agriculture inundation problems drainage sluices due to
due to insufficient sea level rise
drainage facilities - Longer and frequent
severe dry periods
N-1 | Natural | None Natural - Northern part daily - Inundation due to sea levg Very high
inundated by tidal water, rise and increase of
some parts seasonally intensity of rainfall
inundated - Lost of land due to coastal
and riverbank erosion
- Longer and frequent
severe dry periods
- Silting up of fresh
water resources
- Uncontrolled human
activities
N-2 Natural | None Natural - Northern part daily - Inundation due to sea levq Very high

inundated by tidal water|

some parts seasonally
inundated

rise and increase of
intensity of rainfall
- Lost of land due to coastq




- Some wetlands are
permanent inundated

and riverbank erosion

- Longer and frequent
severe dry periods

- Silting up of fresh
water resources

- Uncontrolled human
activities

Natural

None

Natural

- Seasonal inundation @
depressions

- Some wetlands are
permanent inundated

f- Inundation due to sea levg
rise through the Saramacq
river

- Longer and frequent
severe dry periods

- Silting up of fresh
water resources

- Uncontrolled human

2|High
a

activities




ANNEX 5: Adaptation 2008 - 2025

Code

Type

Adaptation

Urban

Build adequate riverbank protection along the whinlerbank in this area and upgrade existing ones

Build a conservancy dam at the North of the ardzatbintruding water from the coastal wetlands pramote natural coastal
protection.

Stop urbanization and extending human activitieh@North

Upgrade the drainage facilities and use pumpsadsté sluices if necessary

Increase the efficiency of water use, promote neat of waste water prior discharge to public seveerd reuse waste water
Exploit more groundwater resources in the Soutwiaier supply purposes and use additionally surfieash water as raw water

R-1

Rural

Protect the inhabited land along the coast againsidation and further erosion

Build conservancy dam at the North of the areaatbihtruding water from the coastal wetlands arahpte natural coastal protection.

Stop extending human activities along the coastpaathote the rehabilitation of the natural vegetathere.

Upgrade the drainage facilities and use pumpsadsté sluices if necessary

Increase the efficiency of water use, and buildewstorage facilities to store excessive rainwktewater supply during the dry
seasons and promote modern water efficient cuitimahethods like hydroponics

R-2

Rural

Upgrade the drainage facilities
Increase the efficiency of water use, andidowater storage facilities to store excessivewaber for water supply during the dry
seasons and promote modern water efficidtivation methods like hydroponics

R-3

Rural

Build an earthen dam along the banks of the Sarea@eer, Panama and Brinkhorst canals and busldiae/pumping station at the

outfall of the Panama canal.

Upgrade the drainage facilities and use pumpsadsté sluices if necessary

Increase the efficiency of water use, anitbbwater storage facilities to store excessivewaiter for water supply during the dry
seasons and promote modern water efficigitivation methods like hydroponics

R-4

Rural

Upgrade the drainage facilities
Increase the efficiency of water use, anitlhwater storage facilities to store excessivewaiter for water supply during the dry
seasons and promote modern water efficigitivation methods like hydroponics

R-5

Rural

Upgrade the dams and protection works along th&sahthe Suriname river and build earthen damaltbe Para river
Upgrade the drainage facilities and use pumpsadsté sluices

Increase the efficiency of water use, andidowater storage facilities to store excessivewater for water supply during the dry
seasons and promote modern water efficidiivation methods like hydroponics

R-6

Rural

Upgrade the drainage facilities

Increase the efficiency of water use, anddbwihiter storage facilities to store excessive rabewfor water supply during the dry seasa




and promote modern water efficient cultivatinethods like hydroponics

N-1 Natural Prohibit human activities in the area and prombeertatural conditions
Establish the status of protected area

N-2 Natural Prohibit human activities in the area and prontlbéenatural conditions
Establish the status of protected area

N-2 Natural

Prohibit human activities in the area and prontleéenatural conditions
Establish the status of protected area




ANNEX 6: Adaptation by the Year 2100

Code Type Adaptation
U Urban - Build adequate riverbank protection along the whinerbank in this area and upgrade existing ones
- Build/upgrade conservancy dam at the North of tiea #o halt intruding water from the coastal wedlgrand promote natural coastal
protection.
- No human activities in the North
- Upgrade the drainage facilities and use pumpsadsté sluices
- Increase the efficiency of water use, promote tneat of waste water prior discharge into the pubdiwer systems and reuse waste
water
- Exploit more groundwater resources in the Souttwfater supply and use additionally surface frestemas raw water
R-1 Rural Build conservancy dam at the North of the areaatbihtruding water from the coastal wetlands arahpte natural coastal protection.
- No human activities along the Northern coastal arehtreat this coastal area as natural one. Tagsshould have the status of
protected area.
- Upgrade the drainage facilities and use pumpsadsté sluices if necessary
- Increase the efficiency of water use, and buildewatorage facilities to store excessive rainwfatewater supply during the dry
seasons and promote modern water efficient cultimanethods like hydroponics
R-2 Rural - Upgrade the drainage facilities and use pumpsadsté sluices if necessary, taking the urbanizatibm account
- Increase the efficiency of water use, andidbwater storage facilities to store excessivewater for water supply during the dry
seasons and promote modern water efficidiivation methods like hydroponics
R-3 Rural - Build an earthen dam along the banks of the Sarean@eer, Panama and Brinkhorst canals and busldiae/pumping station at the
outfall of the Panama canal.
- Upgrade the drainage facilities and use pumpsadsté sluices if necessary, taking the urbanizatitm account
- Increase the efficiency of water use, anithbuater storage facilities to store excessivawaiter for water supply during the dry
seasons and promote modern water efficigtivation methods like hydroponics
R-4 Rural - Upgrade the drainage facilities and use pumpsadsté sluices if necessary, taking the urbanizatibm account
- Increase the efficiency of water use, and buildewatorage facilities to store excessive rainwiatewater supply during the dry
seasons and promote modern water efficient cultimanethods like hydroponics
R-5 Rural - Upgrade the dams and protection works along th&shafithe Suriname and build earthen dam alondptra river.
- Upgrade the drainage facilities and use pumpsadsté sluices if necessary, taking the urbanizatibm account
- Increase the efficiency of water use, anitthmater storage facilities to store excessivewaiter for water supply during the dry
seasons and promote modern water efficigitivation methods like hydroponics
R-6 Rural - Upgrade the drainage facilities and use pumpsadsté sluices if necessary, taking the urbanizatitm account
Increase the efficiency of water use, anittbumater storage facilities to store excessivewaiter for water supply during the dry
seasons and promote modern water efficigitivation methods like hydroponics
N-1 Natural No human activities. This area should have theistat protected area.
N-2 Natural - No human activities. This area should have theistat protected area.
N-2 Natural - No human activities. This area should have theistat protected area.







ANNEX-7 Map Future Profile Hydrology and Drainaggrastructure by the Year 2100
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Introduction
The contribution of the agricultural sector in $ame to GDP is 5-8 % and to foreign money

income about 7.4%. About 12,600 families fullypartly depend on this sector in Suriname.
The world production of agricultural products i®jected to expand steadily in future years with
the fastest growth projected in the developing tes The increasing demand also will be the
highest in developing countries and will be boodigdaster economic and population growth,
increasing urbanization and changing diets. Intewnal regulations regarding food safety,
human health and increased competition due to thaib@n will force these countries to change
farming systems and to increase efficiency of potidn. The fast growth in demand for biofuel
crops also puts a lot of pressure on the govermsriandeveloping countries to clear large areas
of the rainforest for the establishment of plamtasi of biofuel crops. Suriname will not be
excluded from these developments.

Future agricultural development in Suriname w#l influenced by both external and internal
factors. It can be expected that climate changkheilone of the factors which will influence
future agricultural developments in Suriname. Tdiigdy is limited to Paramaribo and Wanica,
the most urbanized districts of Suriname. Accephate change another group of important
factors influencing agricultural development in &aaribo and Wanica are the ongoing
developments in the country such as a shortnelsmafin Paramaribo for housing projects and a
growing awareness from the population that buildingses in the northern part of the country is
not wise since this part of the country is vulnézab the effects of sea level rise.

Plans for agricultural development in Suriname

The future plans for development of the agricultwector in Suriname are presented in the
agricultural sector plan (ASP). The main goals faated for the agricultural sector by the
government from Suriname in this official documeartthe coming years can be summarized as
follows:

1. To enlarge the contribution of agriculture to tlaional economy
2. To create employment

3. Toincrease production

4. To increase export earnings

5. To privatize government owned agricultural entisgor

ASP concentrates on the following priority areas:

Rehabilitation and proper management of agriculinfrastructure
Better Credit facilities

Investments in increasing production and produlstivi
Restructuring paddy and banana sector



Stimulation of nontraditional agricultural products

Reorganization and paradigm shift of the MinistfyAgriculture, Animal Health and
Fisheries (MAAHF)

Chain management approach and more added valueqbiad

Private sector and market demand approach

An optimistic approach for agricultural developmemt Suriname gives the following
perspectives:

A better organized and modern sector

Development of agro based industries

Higher production and self sufficiency

A leading role as a food producer for other Cari@muntries
Higher export earnings

Higher contribution to GDP

Much higher contribution to employment

Better welfare spreading

The expectation of the MAAHF in Suriname is thatgalals/ targets defined in the ASP will be
realized within 5-10 years. Taking into considematthat a shortness of food is already manifest
in different countries, including the large marketsChina and India, it can be expected that
even after 10 years the prices for agriculturaldpats (both food and non food products) will
still be lucrative on the international market.

Agriculture in Future perspective

Horticulture

Traditionally the main areas for vegetable productare Pomona/ Weg naar Zee, Uitkijk-
Leidingen, Santo & Boma polder and Koewarasan, tdoutand Commewijne/Meerzorg .In
most of these production areas drainage is notmatiThis leads to water logging in case of
intense rainfall. In general the farms are sma8-@0 ha) and only part of the land is utilized fo
crop production. The production statistics for lwaiture crops do show a negative trend in
development. During the last years new producti@asin Saramacca, Commewijne and Para
started with the production of vegetables.

In the whole country between 4000 and 5000 farraeesactive in the primary production of
vegetables. Except vegetables most of the farmredupe fruit (citrus, bananas, mango, papaya,
pineapple) at a small scale since land is not ditighfactor for them.



During the last years there is a tendency thatwaféems have professionalized production,
increased in depth investments and the area inuptiah. Most of these farms are owned by
exporters or do have a contract with exportersgdalyce a certain amount of assorted vegetables
conform the subscriptions for good agriculturalgices (GAP).

Despite all the constraints vegetable and fruidpoion in Suriname is still lucrative for many
farmers for the following reasons:

- the production cycle for vegetable production isrsh

- high yearly production

- high risk but in case of successful production hegmings

- high demand for vegetables and fruit (local magket ethnic market in the Netherlands)

A large part of the vegetable production in Surieanomes from production areas within the
study area (Paramaribo and Wanica). Further orelarggetable producing farms are located in
the Commewijne and Saramacca district.

Fruit production in general is on a small scaledose opportunities for finance of serious
entrepreneurs who want to start fruit productiod awr processing are limited. The only fruit
species produced on a large scale by a large com(@8BS) are bananas. These are produced
for export to Europe. Marketing of these banandsurope is a costly business since a license is
needed which costs a lot of money. The bananaatlans are located in the Saramacca and
Nickerie district. The expectation is that on arsiterm the banana company will be sold to a
multinational. Since the banana Company has imgtgreduction efficiency and quality and
will go one to do so the expectation is that banamaluction for export will still exist in the
coming decennia. It can be expected that some tatgngs will be made during the coming
years to make banana production in Suriname resiatainst the negative influences of climate
change. Some of the measurements which need taKem tas soon as possible are the
establishment of hedgerows of suitable fast growinegs to protect the banana trees against
storms and further improvement of the drainageiarghtion infrastructure.

It can be expected that except bananas otherdpeities like citrus, papaya, passion fruit and
acai (Euterpe oleracea) will become more imporarthe coming years since the government
has planned to stimulate fruit production, proaggsind marketing and because the demand for
these products is growing worldwide. More and mpeeple are looking for healthy fruit and
fruit products.

The new plantations for these fruit species willeséablished in the interior of the country. That
part of the country is less under pressure foregtablishment of housing projects and not under
influence of sea level rise since the land is sEvaeters above NSP. To make these plantations
less vulnerable against the effects of prolongedpdriods and intensive rainfall some special



measurements will need to be taken such as estatdig of drip irrigation and sprinkler
irrigation systems, well developed drainage systam protection of the land against erosion
which can be caused by run off water.

During the last years large areas of land tradaignused for horticulture in the Weg naar

Zee/Kwatta region but also in the Leidingen-Houttuegion are issued for housing. Since the
price per square meter for agricultural land instheegions close to the capital increased
dramatically it has become more lucrative for thed owners to sell their land than to use it to
grow crops in the same traditional way they didrf@ny years.

The following plausible scenario might take place:

- average growth of the sea level annually is abefnn

- people at the coast will more and more be victifiafding and other hazardous event

- expansion of Paramaribo to the north will slowedddo even stopped

- expansion will take place more southern and soas$tevn

- the use of land for horticulture in this region Insignificantly decrease, even if the
government will take measures to protect the némm inundation, flooding and
erosion by building dams

To make horticulture more lucrative in the fetuand make international competition
concerning quality and price of products feasibkre is a great need to intensify and modernize
horticulture in Suriname. The expectation is tthe Government of Suriname will promote
intensive vegetable production in greenhouses timeing years as written in the Agricultural
Sector Plan. It is worth mentioning that the Minjsdf Agriculture has already started with this
activity. Examples are the establishment of modgreenhouses with facilities to control
irrigation, fertilizer supply and even radiationdatemperature, hydroponics systems, substrate
culture, sprinkler irrigation for fruit trees. Thesnodern systems are costly to build so external
finance will be needed to realize large scale mudation of vegetable production.

Intensification of production has the advantagediput per production area can increase. On a
longer term the effect of this development willtbat the smaller poorer farmers will no longer
be able to compete with the new professional fasnusing intensive environmental controlled
systems. These farmers will need other livelihaodsurvive.

Except controlled environment agriculture, tragqnof extension workers and farmers in farming
systems used to guarantee the production of sagehaalthy food such as integrated pest
management, ecological farming and good agriculforactices will increase the opportunities

for Suriname to market vegetables and fruit witlspeecial label on regional and European
markets. Also important to make horticulture mooenpetitive in Suriname are the development
and/or introduction of new crop varieties and madaant propagation techniques. The device is



no longer maximizing production, but optimizing guction per hectare taking economic,
environmental and health aspects in consideration.

Taking the following global developments into catesation for export oriented production of
fruit and vegetables the following factors neetbéadaken in consideration:

Foreign customers are interested in large volunigsraducts on a regular base. To produce
these large quantities on a regular base, largasfavith well trained personnel are needed.
There will be no place for part time farmers whaw supply the international market nor for
entrepreneurs who think that they can supply tiernational market by collecting products
from different small producers who cannot guaratieeguantities and quality needed to deliver
conform the contract.

1. On the international market quality requirements ftmd products have increased and
will increase further in the future. To produce @cling these strict requirements asks for
well trained personnel on all level.

2. The horticulture sector in Suriname can only suviivfarmers switch to farming under
controlled conditions and to environmentally frigndest and disease control.

In 2005 the value of exported vegetables amsit 1 million US$. Without adjustments

in the farming systems within a few months Surinasmilé no longer be able to export
vegetables. If the sector is modernized with tha& ¢go produce according to international
standards there are good opportunities to beconsading producer and exporter of
vegetables and fruit in the region.

Taking the agricultural sector plan in considematibcan be expected that the Government of
Suriname will do its utmost to facilitate farmers #hat they can produce safe and healthy
vegetables and fruit for both the local and expmatket in the future.

The lowering of air cargo tariffs to Europe whichncbe foreseen under influence of an
increasing competition between airlines will mak@at of vegetables to the Netherlands and
other European countries more lucrative.

The expectation is also that fruit production amdcpssing will undergo positive developments
in the coming decennia. For fresh fruit (e.g. papagd pineapple) there are good opportunities
to penetrate the tourist market in the Caribbeanit Broduction however will not expand in the
vulnerable coastal areas but in the old coastat pla

For floriculture, Wanica and Paramaribo are thetmmoportant districts till now. The production
of ornamentals (flowers, leaves, plants) is a biandorticulture with potential to expand since



there is a great demand for tropical ornamentaknyof the producers of ornamentals are part
time growers who produce in their home gardens emall scale. Actually there is only one
large agricultural enterprise in Suriname (Phytofewhich concentrates on the export of
ornamental plants and leaves. The expectationaisrtiore large scale professional enterprises
will start activities in the field of floriculturdor export to Europe and the Caribbean. The
enterprises will not be established in the northeant of Paramaribo and Wanica but in the
southern part of Wanica and in other districts saglsaramacca and Para.

Livestock production

The Wanica district is the most important distft dairy-, poultry-, small ruminant- and pig
production. Many of the pastures used for graziatile and small ruminants are inundated
during the rainy seasons since the capacity ofithimage systems is limited.

In general it can be expected that the productiodagy, beef, poultry meat, eggs, pork, sheep
and goat meat will increase in the coming decennia.

Poultry and pigs are already produced under intenfirming systems which are not heavily
dependent on climate influences. The main problehish can be foreseen concerning these sub
sectors are the effect of higher temperatures amarperformance and survival and drainage
problems in case of intense rainfall. Other proldemtich are already manifested have to do
with increased feed costs. The higher feed costpartly the result of an increasing utilization
of food and feed crops such as corn, soybeanséptoduction of biofuel and the increasing
demand for food (grains, soybeans) in differergeacountries.

Most of the poultry farmers are organised in thesdciation for the Poultry Sector in Suriname
(APSS). APSS is working toward expanding local pmieitbn of poultry meat and eggs by
increasing farm efficiency and by lobbying for ma@&snents from the government against the
unfair competition of imported poultry meat. Sintean be expected that the population will
grow and welfare will increase in Suriname we cssuae that the demand for poultry meat will
increase and that the percentage of unutilised gagmcity will decrease. Most of the farms
(more than 70%) are concentrated in the southerngbdVanica. The expectation is that new
modern farms with facilities for complete climatentrol will be constructed in the Lelydorp
area and the Zanderij area. These modern farmsneil face problems directly related to
climate change. APSS also believes that there pportunities to penetrate the Caribbean
poultry market since Suriname is the second chégpeducer of poultry meat in the Caribbean
after Guyana.

Pig production is dominated by two large farms. ©hthese farms is situated at Pomona which
lies at the border of the study area in the coastd. The expectation is that pig production in
the future will also be dominated by a few largeegnated enterprises with activities in the field



of feed production, piglet production, pig fatteginslaughter and processing facilities and
outlets for the sale of pork meat and processeduysts. New farms will not be constructed in
the northern part of Wanica .These new farms vaétchto use modern technology for controlled
housing circumstances and feed supply. There aré gpportunities for the export of pork meat
and processed pork to the region as soon as tmeakmegistration and disease monitoring
system is in place.

Dairy production:
The dairy sector provides a livelihood for 400 stgiied dairy farmers and transporters of milk.

Further on the sector is important for food segufihore than 40% of milk sold comes from
local farmers), poverty alleviation and income gatien and for the saving of foreign exchange.

During the last years the production of milk hasréased since the increase of the price paid by
the dairy processing plant has increased. A seti@as for the local dairy farmers comes from
two new large dairy processing enterprises whiakelracently started producing dairy products
out of imported milk powder which is cheaper thacally produced milk. Opportunities for the
local dairy farmers to survive under these newurirstances will depend on their capacity to
compete with new products which will be producetl @ucheap imported milk powder. Even if
dairy production will increase in the coming dedanthiere is no need to start activities in new
areas in the young coastal areas since there igganmused land in the old coastal area suitable
for grassland establishment.

Problems investigated concerning the sector are:

No irrigation of grassland

Only 42 % of the farms is provided with drainagsteyns
On only 15% of the farms pastures are established
On 50% of the farms less than 6 productive cowapt
Only 7% of the farms owns more than 20 productwes
The costs for feeding and other inputs are too high
Seldom a farm and animal administration is kept

NoosrwpbE

To make dairy production in Suriname more competithe following adjustments are needed:

1. Introduction of more efficient feeding systems ltasen cheap forages and cheap
agricultural by-products

2. Upgrading of infrastructural facilities

3. Improved herd management and the introduction @framal registration system



Taking the upcoming competition of new processingnis in consideration the following
conclusions can be made:

1. Inthe near future there will be no place for g dairy farming

2. Small farms with only a few productive animals with longer be able to make a living
of dairy production

3. Farmers who want to stay in business need to ltivear production costs

The expectation is that in the near future thedsrgart of locally produced milk will come from
a few large modern farms with highly productivetieatind enough forage available to provide
the animals with cheap suitable feed. To be abtoiopete with the new larger dairy processors
the dairy farms will need to process at least pathe milk produced into dairy products such as
yoghurt. Since dairy cattle cannot be kept sucoéigsh the young coastal areas on the heavy
clay soils in poorly drained regions the expectai®that new modern farms will be established
on suitable soils in well drained areas in therinte

Beef cattle production is concentrated in the yeusngd old coastal area. The number of beef
cattle has dramatically dropped during the lasieda@. Actually the total number of cattle in
Suriname is less than 40,000 while the officiatistizs produced till 2002 by extrapolation of
old data has shown that the total cattle herd waegel than 120,000 heads. Measurements are
already taken to prevent a further decline of thi#le herd. It can be expected that the beef cattle
herd will steadily grow and that within 10-15 yeansre land will be needed to establish large
beef cattle farms. Since Suriname has enough laaithble for pasture establishment there are
opportunities to export beef to the Caricom afemorvery of our beef cattle herd. New farms will
be established in the interior and in the savararah in the future since the soils in these areas
are suitable for extensive and semi extensive ®orhgsed beef cattle production. The
expectation is that in the coming decennia beeflecaroduction for the export market will
increase. This means that thousands of hectaresndbrest will be cut down in the interior to
establish these farms.

Small ruminants are only produced on a small sthleow in Suriname but there is a large
demand for fresh sheep and goat meat in the Canbli@n a short term more attention will be
paid on expansion of the small ruminant sectomiyyart a suitable breeds and multiplication of
these animals. The expectation is that Surinamieb&dome a main exporter of goat and sheep
meat to the Caribbean within 10 years. Sincewta$i known that sheep and goat do not perform
well in flooded pastures on the heavy clay soilthefcoastal area, the change that entrepreneurs
will establish sheep and or goat farms in the resrtipart of Wanica or in the Weg naar Zee area
is very low. It can be foreseen that large farmi lvé established on the unbleached soils in the
savannah area which are suitable to keep theseabnim



To become more competitive the animal feed seatedrio use cheaper feedstuffs in the near
future. Till now animal feeds are largely basedcom and soybean meal. Rice by-products and
cassava are suitable to substitute corn in animadld but these must be available in large
guantities for competitive production costs. Expemts with high yielding feed grade rice
varieties are planned to make both the poultry gigdsector more competitive in the future. It
can be foreseen that large farms specialised inptieduction of feed grade rice will be
established. For these farms large quantitieseshfiwater will be needed. Areas suitable for the
establishment of these farms are the Saramaccantéand Commewijne districts.

Fisheries and aquaculture

The fisheries subsector is the main agriculturélseator in terms of foreign exchange earnings
(about 80% of the production is exported) and aéatof the BNP is produced by the fisheries
sector. The production of this sub sector is unfmately declining, due to declining fish and
shrimp yields worldwide. Actually over fishing hasgreater effect on fish stocks than does
climate change. If climate change develops accgrtinlPCC scenarios, it may become even
more important than over fishing in the future. 3&@ehanges in climate and the possible effects
on fisheries are:

- Changes in wind patterns, which could have largeaith on fisheries in the way that they
would alter both the delivery of nutrients into tiplotic zone and the strength and
distribution of ocean currents.

- Significant changes in ocean currents will afféet transport of larval stages of fish. Many
of the changes however will be very unpredictablessit is not clear how the ocean currents
will change.

- Many fish stocks will also suffer because theirvapag and nursery grounds in coastal
mangroves and lagoons will be engulfed by risiraylegels. Many ocean fish would not feel
any change in swamps or wetlands, or in the extewhich seawater intrudes into rivers.

Fishermen in Suriname are already complaining allealining yields and the change that

namely the large shrimp processing farms needdsecis realistic if the production of farmed
shrimps is not increased on a short term. Theingdstablishing new large shrimp farms in the
coastal area lies in the destruction of the esteariegetation. Actually two farms are in
production in the northern part of the Commewijnstritt. Since the estuarine zone is very
important for fish and shrimp populations in thédycare must be taken during the planning and
establishment of new shrimp and fish farms notastiey estuarine zone.

One advantage of aquaculture above fisheries tsheafish or shrimps produced contain more
local components. Energy for pumps can be genevatédil from the State oil company while
feeds can also be produced locally as long as tla@tdqy of organisms produced on farms is
large enough to make local feed production feasidtgually this is not the case and for that
reason shrimp feeds for aquaculture farms are ita@dil now.



Another advantage of aquaculture above catchinghomps and fish from the wild is that the
organisms can be grown under controlled conditeordsthat yields are more predictable.

Food and feed processing enterprises
Almost all the larger food and feed processing mmiges are situated in Paramaribo and

Wanica. One of the larger feed producing compafiéssu N.V.) is situated in the resort
Houttuin (District Wanica) along the Suriname RivEurther on the slaughterhouses for pigs
and cattle are located in the same area. In thi® saea two large poultry slaughter facilities are
situated. The other larger poultry processing glamé also situated in the Wanica district but in
areas less vulnerable to a rise in the water lievidle rivers due to sea level rise.

Food processing plants are almost all situatecanarRaribo and Wanica. The expectation is that
processing of locally produced agricultural progustll increase.

Future livelihood strategies

As mentioned earlier in this report many vegetaptavers in the northern part of the Weg naar
Zee area produce in an area very vulnerable toobtige direct effects of sea level rise namely
sea level rise. In other parts of the study areaynfiarms are situated in areas where drainage is
poor or absent or where access to freshwater figatron during the dry season is limited or
absent. Since the agricultural sector providesuacgoof income for many people in the study
area it is important that appropriate entry pofotssupport of livelihoods are identified as soon
as possible at that an action plan is implementeitiwfocuses on supporting these farmers so
that they become more resilient to deal with effeat climate change on their livelihoods.
Examples are training of farmers to enable theswitch to other more reliable farming systems
or to other agricultural activities e.g. to cageracplture, intensive vegetable production in
greenhouses. Except providing new knowledge todespaccess of these people to appropriate
financial services and to suitable land are impurfactors to make them able to survive under
changed circumstances.

Conclusions
Although it can be expected that sturdy dikes amdéarthen dams will be built to protect

Paramaribo and other vulnerable districts agaihst dffects of sea level rise, the districts
Paramaribo and Wanica which are important for \agetand livestock production till now, will

become less important for agricultural activitiestihe coming centuries in terms of land use.
This under pressure of the increasing demand fat feeeded to establish housing projects. The



largest part of the land used till now for horttcwé and animal production in the Wanica district
will change in urban area. Large parts of agricaltland close to the main roads such as the
Indira Ghandhi road, Magenta-kanaal road and TautHaut kanaal road will be sold in the
coming decennia to establish housing projects. Méda agricultural activities will increase in
other districts less vulnerable to sea level risehsas Saramacca and Para. Since most of the
soils in these districts are less fertile than sbds in the Young Coastal Plain the production
costs on the new sites will be higher or the fagngystems need to be adjusted to make
agricultural production on these less suitable ssa@ilistainable. To make horticulture and
livestock production in the study area possiblethe near future it will be necessary to
implement the following measurements:

Implementation of a land destination plan as s@passible. In this plan attention must
be paid to future expectations concerning losggataltural land due to sea level rise in
the coming decennia

Expansion of the capacity of the drainage systeWvamica so that surplus water can be
drained effectively

Training of farmers in more efficient use of fredter for irrigation

Make credit facilities for improvement and adjustiheof farming systems more
accessible to small farmers

Training of farmers in other aspects of agricultupeoduction e.g. aquaculture and
horticulture under more controlled circumstances
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Introduction
Suriname is endowed with a good natural resourse.b®s part of the Amazon Region,

Suriname’s tropical rain forest has an enormougeiyaof the biological species. Of the
total forest area of 50 million ha, about 11 mitlidha is inaccessible and not
commercially exploited at this moment. There as® aubstantial reserves of bauxite,
petroleum, gold, granite and other minerals. Initamd to this, Suriname has a
considerable potential of hydroelectric power.

Although less than in the past, bauxite miningtié ef major economic importance.
The bauxite deposits are estimated at 400 millors.t Due to the problems in the sub
sectors rice, fisheries and banana, a.o. the lmwdib sector has increased its
importance to the economy. The large-scale goldoeafion in the Gross Rosebel area
in the district of Brokopondo has also contributedhe progress. A considerable growth
of production of crude oil has been achieved rdgent

This report will focus on the Paramaribo/ Wanic&#rbecause this region will remain
the dwelling area and source of living for the &agpart of the population in the future
and showed to be very vulnerable to climate charmggpecially with the strong
urbanization. In this regard the population concdign will increase in the coming
years and decades. Population growth will be scant in the coming two or more
generations. In addition more people will immigrate Suriname. Although the
government is working on the upgrading of the istinacture there is no guarantee, that
these efforts will keep pace with potential expdat@ovements. Hence, more than 90%
of the diverse economic activities in production,anafacturing, horticulture,
agriculture, financial and banking services, comityinsoc. and pers. serv., and
government (public) services will be kept here. Plogulation as well as the industrial
infrastructure will be clustered in the coastal e@specially in the Paramaribo and
Wanica district. A significant percentage of theo§€s Domestic Product is thus derived
from activities in the coastal districts.

The dominant characteristics of the study areattier future can be summarized as
follows:

- A significant % of the total population will be dikeg and working in the
study area.

- High population concentrations in the urban areaetéocated in the southern
and south western direction of the study area.

- Total overall coastline of 45 km will be proteciadcase of overlooking,
neglecting or even ignoring of the present probiersolve.

- The first half of this century the coast of thigdst area might be under
influence of sediment deposition, a favorable cbodifor mangrove growth
and coastal protection.

- The average discharge at mouth of the Suriname eiviering the sea may
due to increased capacity of the Brokopondo lage imcrease, affecting the
morphology of the Suriname river and thus the chiastof Paramaribo and
Wanica



- Increased flooding of low-lying land and failurerafid dams and
overtopping of the high elevated coast river bank.

Institutional Arrangement for Coastal Management

With the decentralization of the government adntiatgon will have their own policy
and budget and some extra development may be edoettowever, the capital
Paramaribo will remain the center of all the ati#d, including the political,
economical and cultural. A significant shift in tbhaoyancy of these activities will not
be seen in the coming future. Since the coasta »dll remain under great pressure of
the ocean and its rising water levels, managem@ahiccoast will be of highest priority.
The institute for Integrated Coastal zone managéméght become one of the strongest
institutes in the country. The ministries of Agiitire, Livestock and Fisheries, Natural
Resources and Energy and Public Works will cloggkplved with activities related to
coastal zone management and the effects of clioigtege. Other Ministry as ATM and
RO will play a minor role. The major problem of thdure will remain food, energy
provision and availability of clean and fresh watethe coastal zone.

As mentioned the District Commissioner (DC), whitsfander the Ministry of Regional
Development, will get more power to influence pgliand activities in their district.

Changes in the elections structure will also affdet development in the country.
Notwithstanding these circumstances, the disticlisbe linked tightly with the capital

Paramaribo.

Except for the institutions as the National Enviramt Council (NMR) and the National
Institute for Environment and Development (NIMOSher environmental related
institutions will be established. Capacity at th@sstitutions will need to increase, to
cope with the upcoming environmental stress. Afsore legislation, awareness rising,
institutional strengthening capacity, more invohesh of local expertise and finance
means will be needed to enable the execution ofntla@y environmental related
activities, including coastal management, in thentry in the future. Experiences in the
past have learned not to be optimistic about thdoesement of law and other
regulations.



Socioeconomic conditions

Rainforest

Extensive occurrences of tropical rain forest wilhke place for secondary forests if
international support to protect these forests widk considered in time. With the
extinction of the forest tracts existing biodivéyswill diminish correspondingly. This

will affect the livelihood of the communities inghhinterland directly. Uncontrolled

deforestation may also lead to land degradationcliaciges in micro climate, including
the hydrology.

Bauxite

The substantial amount of bauxite, found in thetaresand in the eastern part of the
country, respectively the Bakhuys and the Nassauntams, will also significantly
decrease according to the increasing demand ofimdum the world. The bauxite
reserves at the Bakhuys Mountain will last for Iy¥ars under the present rate of
exploitation.

Oil exploration

Proven oil reserves will certainly affect the seemnomical development in both of
our countries positively. Preliminary data and asseents of oil reserves on and
offshore show promising figures. Positive changethé socio-economy can occur when
the indicative oil reserves offshore are confirmé&le offshore test drill well this year

will present more information on this. It should beted that the same activities are
planned in the neighboring country Guyana.

Hydropower

In addition to this, Suriname’s considerable hytiogic power potential will partially
be utilized. This will be true for the Tapajai hggower project, which will add another
20MW when realized. The chance that this projedt e realized very soon is real.
Other hydropower projects regard the utilizatiorthed trans-boundary water resources,
however, these projects require more preparationetemplemented. Micro and mini
hydropower plants will also be implemented but thaly not force large developments,
unless guided professionally. The latter will requinuch more time and effort to reach
the desired results. The upper Nickerie river niearStondansi rapids is still a potential
resource for hydropower.

Other minerals

The other minerals will be also explored, howevéhess intensity, except for the gold
mining. The last mentioned sector is promising aitdgrow if necessary measures and
regulations will be taken. Up till now these measumand regulations are lacking
resulting in degradation of the environment.



Fertile land and freshwater

This type of natural resources are found mainlythe coastal area, but will be
jeopardized by the rising sea level and intrusibntbis water in rivers, swamps and
deep and shallow freshwater aquifers. Improper afsdertile land for agriculture
purposes will ultimately lead to deterioration bktfresh water as well as the fertile
land. Food shortage in the world and consequers#y af agro products for biodiesel
purposes among others will exert an extra pressaréhese natural resources (fertile
land and freshwater).

Population

The population of Suriname, which is presently retlinical and multi-religious,
comprising ethnic groups as Hindustani (from thdidn sub-continent), Creoles (of
African or mixed descent), Javanese (from Indonediaroons (descendants of run-
away slaves) and a smaller group of the Amerinditesoriginal inhabitants, Chinese,
Lebanese, and descendants of European settletdemdl to form a more uniform like
population. Ethnical groups will form the minorgien the society with exception of the
Maroons, population of which is growing rapidly. tHe population growth will keep
pace with the present rate the number of inhalsitanthe end of this century will reach
2.5 -3 million. Due to the improved health conafis in the country the life expectancy
for males as well for females and children will re@se. In terms of population
concentration, Paramaribo and Wanica will be thghést populated districts of the
country, however with serious expansion towardssthehern direction.

In the_employmensector the Government of Suriname will stay tingdat employer,
despite efforts of the policymakers to reduce thilmer of civil servants. Other
employers of importance will the mining and agriaté section such as Staatsolie and
the bauxite companies. From the other sectorssimushows great potential to become
an important industry.

The grant aid from the Netherlands promised atrttiependence to marshal
development of the small and undiversified econofithe country is coming to an end
and the GDP of the country is increasingly deteedihy the own industry. In the future
this turn over will gradually be determined by #extors operating in the tertiary sector
such as trade, restaurants, hotels, transport@ndianication, financial intermediation,
renting and business activities, other communitgjed and personnel service activities,
Government sector and defense, mining, agricutincefishery, whilst the
manufacturing sector will remain stable for decaesome.

Turnover and Production

Due to the small population and the relative abuanhdeatural resources, including oil

and bauxite, a positive growth in the first halftoké century will be observed in the
turnover, provided political stability is guaranted’ositive growth will be observed in

the sectors Manufacturing, Public utilities, Constion, Trade, Transport, Storage and
Communication, Banking, Insurance and Social anmddPal Services and mining. The
sectors such as Transport, Storage and Commumicaisurance and Social and
Personal Services will increase due to the additi@fforts put by multinationals to

improve the transportation network, in particullie twater transport. Dredging of
Suriname River and consequently innovation of thistimg launches and harbors at the



Suriname River will only positively affect the twwer. Since Paramaribo and Wanica
will remain in all respect the financial centertb& country these sectors will keep pace
and will even reach new dimensions. The Suriname&mRwith its growing harbor
facilities and infrastructure has the potentialptay a significant role for the Guiana
region.

The Mining sectarwhich includes the sub-sectors, bauxite, petralegold and non-
metallic minerals, will be located beyond the lisndf the study area, except their head
guarters and therefore their administrative faesit The bauxite sub-sector will remain
a very important sector of the economy, since tiesgnt bauxite companies in active in
the country have expressed their intentions tdé&urinvest in this sector and explore the
huge bauxite deposits occurrences in the hinterlaseérves of which may last for many
decades to come. New investments in the bauxitersaacluding refinery, smelter, and
other infrastructure will result in an increase aodtinue production of the alumina. As
the prices of this metal are always favorable, pkder some periodical drops,
contribution of this sub sector to the GDP is praing.

In the Petroleum sub-sectqroduction of crude oil and refined products expected to
increase. Many efforts are being put presentlyxjplare the oil reserves in Suriname
onshore as well as offshore. Recent exploratiomltesare supporting these high
expectations. Foreign companies, ready to go fusklith the exploration, are presently
taking measures to do test drilling offshore. Sastid drilling will enhance huge
investment rapidly, not only in the exploitationtbese reserves but also in the refinery
of the byproducts of the crude oil. The gross reesnwill increase, allowing the
Government of Suriname to take appropriate measonestigate the negative effects of
climate change correctly.

The Non-metallic minerals sub-sectwill keep the production of the construction
materials such as granites and dimension stonedssagravels, shells (sand) in pace
with the demand in the Building and Constructiootse All these materials are located
beyond the study area, in upper rivers and thestartd.

The present content of the Agricultural secbmmprising sub sectors, such as rice,
banana, vegetable/fruit, cattle rising and fisheiry change and make more room for

other sectors. Rice and Banana sub sectors vilileagnd this century entirely die out of

this study area. The vegetable/fruit sub-sectorichvis presently concentrated in the

north of the district Wanica, in particular in ti\éeg naar Zee area, will also make room
for urbanization and / or preserving area for wetlaequired due to the increasing sea
level. The cattle raising activities, which are m@oncentrated in the south east and
south west of the study area will also reduce wlkvels of small cattle farming.

The fishery sub-sectas presently dominated by catching of deep-seiangisrand deep-
sea fish, and characterized as a high foreign exggha&omponent. Over fishing and
further deterioration of the quality of the oceaater and loss of the coastal habitat may
have a negative impact on this sector. Especiaflycbastal habitat will be stressed due
to changes in the hydrology (less freshwater digh#o these area and consequently
lack of required nutrients), pollution of surfacedaground waters, and increased
demand of land for agricultural and urbanizationpoges. Decrease in catch of sea fish,
shrimps and other products, will foster the aadtgitregarding implementation of
aguaculture. Since much of the aquaculture typgsine brackish environment, coastal




regions will be put further under pressure. Furtieme, these activities will also
exacerbate the conditions of local coastal commamising these resources for their
daily livelihood. The relative small number of lbdshermen in this area will further
shrink and will likely to move ultimately to othéwcations for jobs or continuation of
their profession.

Infrastructure such as bridges, sluices, culverts, irrigation aifrdinage gauges,
electricity infrastructure (e.g. power houses, ribstion systems), telecommunications
and drinking water infrastructure will not only e further, but also adapt to the new
situations thereby implementing new technologiesl amethods and tools for its
realization and monitoring. However, as mentionaastmof the infrastructure will be
established in the study area Paramaribo and Wawipart from the study area
Paramaribo-Wanica, the western part of district @@&wijne will also experience
growth in the infrastructure and the necessaryifies.

The turnover and production is among others intgndepended on the certainty of
electricity provision. Presently, there are threenpanies, involved with production of
energy in Suriname. These are the Energy Bedrifiamame (the EBS), the Suriname
Aluminum Company (Suralco) and the Staatsolie Mamgpij N.V. The increasing
demand of energy will not only enhance the utilaatof the existing resources as the
hydropower potential, increase application of Stala fossil, minimize waste of energy
through applications of new instruments and awa®nasing, but also through
exploration of solar, tidal, bio and other reneveaghergy resources.

The Tidal Forest.This type of forest which presently comprises tyaiout of
mangroves and salt tolerant vegetation speciesamdl generally in the northeast and
northwest of the study area will make room for lag® and salt to brackish water
swamp. A stripe of mangrove at the coast line megug provided no sea wall will
establish. As stated earlier, the processes ofregdation supply by the Amazon and its
subsequent its transport into the western dirediipthe Guiana current will not change
significantly. Hence, linked with this process abs&ion and sedimentation will be
continued at the coast. At higher water levels leé sea and rivers deposition of
Amazonian silt will be deposited at higher rateshat coast, affecting the hydrology of
the land located immediate behind. Depending omthd / sand bank dimensions, the
interaction between sediment supply, the hydrodyoand biological parameters a net
surplus or loss of land will occur in the absen€eadiard construction at the coast.
Preserving of tidal forest may occur a great acagmtand represent indirect a huge
value with regard to its functions such as thossted with coastal protection, services
and goods the local coastal communities. Loss eddhtypes of forests will adversely
affect the economy of the country. In particulatiaties with regard to establishments
of new agriculture lands, urban areas, dumping aebtes and discharging polluted
waters, will jeopardize the existing forests, whiictally may result in its disappearance.
This threat is presently recognized by the Goveninoé Suriname who also calls for
appropriate measures to protect this from happenmthis regard, the Government of
Suriname is intended to formulate an Integrateds@baone Management Plan and
Strategy to sustain the development in this pathefcountry. This policy document
will also result in fostering and possible estdbient of necessary and appropriate
institutional capabilities and structures needethémage the coastal zone efficiently and
wisely.
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Methodology
The chapter below has been compiled using infoondtiom existing literature. No additional

field studies have been conducted. The main soumces UNEP/ IVM handbook, Ouboter
(Freshwater ecosystem of Suriname; 1993 Kluwer Acad Publishers), Surinaams Medisch
Bulletin (May 1998), Epidemiological data (Deceml2805) Bureau of Public Health (BOG);
Division of Epidemiology and Biostatistics, RozeabéEpidemiology and Control of Malaria in
Suriname), Thesis 1990.

Global climate change and human health
Global climate changes will result in rise of seadls, increase of temperatures and altered,

precipitation, which have and indirect effects amnmian health. In general the expectations of
these climate changes are negative. The directhhetiects due to environmental alternations,
such as raised temperatures are: an increase ofdt@@d mortality and morbidity, an increase
of respiratory illnesses, frequency of floods, sterand natural disasters. The direct health
effects of the rise of sea level include the lokg§irg habitable land, contaminated fresh water
supplies and damage to public health infrastructure

Indirect health effects, also called ecosystem atedi health effects due to increased
temperatures and altered precipitation patterre,changes in distribution and seasonality of
transmission of vector and water born diseasesease in growth of toxic algal and food
shortage. Ecosystem mediated health effects dgeddevel rise can also be decrease in fish
stock due to loss of coastal wetlands.

This report will discuss the present profile ané tmpact climate change on human health
(future profile) in the study area Paramaribo arstridt WWanica for the year 2100. Human health
will be focused on the impact assessment on hdatede morbidity and mortality, natural
disaster, vector borne disease, water borne distss® security, water quality and quantity and
social disruption.

Heat related morbidity and mortality

Suriname has a tropical climate which is charaoteriby permanent high temperatures (around
30°C with fluctuations of only a few degrees). Ther@ase temperature, due to climate change
and huge buildings, will enhance the day — maxintemperature and in the dry season (around
38°C) in Paramaribo, so an increase risk on heartiamgidiseases will occur.

Natural disaster

Disasters, like storm are not expected in Surinatae,to safe location.



Vector borne diseases
Malaria

Malaria is NOT endemic in Paramaribo and districni¢a, due to absence of the malaria vector
Anopheles darlingi. There are two other potentialaria vectors namely Anopheles aquasalis
and Anopheles nuneztovari in the study area. possible that this two potential vector species
become malaria vectors with the change of the atesys. Also the main vector Anopheles

darlingi can establish in the study area. If maldrxécomes endemic in the study area it might
have a huge impact on human health because théapiopun this area has no immunity.

Dengue

Dengue is endemic in the study area. The currgft hsk areas are North Paramaribo with the
boundaries Suriname River, Combe and Cultuurtuml@devia and Tammenga. The other parts
of the study area are medium endemic or low endentie vector of dengue is the mosquito
Aedes aegypti, which breeds in manmade breedieg sitor around the houses. Due to more
breeding sites the vector density in the heavy saason will increase, so there will be more risk
to get dengue, especially in poverty areas withh higpulation density like Blauwgrond,
Munder, Welgelegen and Flora. Dengue might havege Imegative impact on health.

Schistosomiasis or Bilharzia

Schistosomiasis mansoni is endemic in the study. iiee area Weg naar Zee is a high endemic
area and Leidingen a low endemic area. Other @adsvery low endemic area or have no
transmission. The prevalence in the study areaelewb 1%. The sea level rise will cause
salivation in the Weg naar Zee area, resultinglesa suitable habitat for the snail Biomphalaria
glabrata, so this area will change in low endeméaaAlthough the heavy rainfall will provide
more breeding sites, the area Leidingen will renaalow risk area because the snail has a less
suitable habitat (absence of shell — ridges). Tipgarct of climate change on Schistosomiasis will
be positive.

Lymfatic filariasis

Recent studies show that there is no transmissitinel last 15 years. The vector is the mosquito
Culex quinquefasciatus and breeds in dirty watath\Weavy rainfall and bad socio — economic
situation the density of the vector will increasemssible lymphatic filariasis can re introduce
in high density population like Paramaribo.

Yellow fever



Since 30 years yellow fever is not endemic in Samia. Urban yellow fever and dengue have
the same vector Aedes aegypti. Worsening of sociecenomic situation and the increase
breeding in heavy rain season will lead to highsttgnof the vector, so yellow fever might
become endemic in the study area. Yellow fever ge@ous disease with fever and jaundice
leading to death within a few days, so it has aehuogpact.

Water borne diseases
Salmonellosis and Shigellosis is endemic in theystarea and are ingested when contaminated

water is drunk. Drink water can be contaminatedbby sewerage and water supply system,
more and longer stay of contaminated surface watdrbad sanitation. The area’s Beekhuizen,
Livorno, Welgelegen have the highest cases of 8bge and Salmonellosis. Increase of
Diarhoel diseases cause by Salmonella en Shigéllacgur, due to above mention conditions.

Cholera

Is since 1995 not endemic in Suriname without gevatkr sewerage system and sanitation it is
possible to contaminate drink water with choleratéaa in Paramaribo, so cholera will be re-
introduce.

Leptospirose

Leptospirose is endemic in Surinam. The highesteencl areas are Livorno, Beekhuizen,
Latour, Flora and Tammenga. There will be an ire@eaf rodents in the poverty areas, so it is
possible that there will be more cases of leptosgir This disease is serious and it will be have a
huge impact on human health.

Food security
There is no lack of food in Suriname. In the NastHParamaribo, due to salination and erosion,

agriculture and fish areas will be lost but theme enough fish and agriculture areas in Surinam
to compensate this loss, so there will not be mogyact on human health. Very few fishermen
are getting their living there. Suriname is impagta lot of food products from the other parts of
the world so if there is a shortage of food in Wld, due to climate change, it will affect the
health ( immunity disorders ) of the Suriname peoplhe vulnerable groups are children and
elderly people.

Water quality and water quantity
Up till now the water quality and quantity is nat anormous problem in the study area but in

the future the lack of enough water in the dry seasan be threat the personal hygiene, so
personal hygiene related diseases like skin andisgases will possible increase. Salination of
the source water, bad sewerage system and bad sugiply system and bad maintenance will
affect the water quality.



Due to climate change, with increase temperatuik roistness new pathogens can arise,
existing pathogen will grow better, and re — introtilon of disease will happen.

Social disruption
Climate change can change the livelihood of peogtepeople can get, for instance, more

diseases like HIV/ AIDS.

Ozone layer
Damage of ozone layer can lead to more cataraatcakcer and decrease immune system.

Conclusion:
In general climate change will have a negativectfb® human health

Steps to be taken

- Improvement of waste management. These can redungrid cases, leptospirose cases.
Built adequate in Paramaribo
Improvement of the surveillance system to detedy eew — infections, re —introduction
of disease and outbreaks.
Improve water supply and water quality
Reinforcement of integral approach
Enhancement of own food supporting
Good sewerage system
Enhancement of yellow fever vaccination
Heath education regarding infectious diseases
Good drainage system for surface water
If it is necessary use of impregnated bed nets.



