GAWI ISSUE PAPER No 2

Enhancing ecosystem services through agro-ecological water management

Introduction and background

This issue paper supplements the GAWI frameworkigd@nt and supporting material,
with the specific aim to feed the discussion onwtha guidelines for sustainable
agriculture wetland interactions should addresd,valmat not, as well as a structure it
could adopt. To this end the paper builds uporfrim@ework document and the GAWI
case-data base where possible. It explicitly limesadopted framework of the DPSIR
and its implication of developing congruent mukipésponse strategies to the analysis
and recommendations of the MA and CA, which battupon the GAWI topic.
Attempts have been made to define the scope foiagae from both sides of the topic —
what can be done from and by the agriculture sextdrwhat by the wetlands and
environment sector. The challenge and centralf@s&AWI, it is argued, is thereby to:
(i) set an overall framework and approach (baseB®S8IR) to provide a clear shared
understanding and common targets among the tworse¢ii) clearly sets out what good
and suitable guidance each sector already hasfentofreach these targets; (iii) defines
the gaps and issues in the common ground and safgetneed further attention.

The original title for this paper, as kept in therent edition, defines the ambition to
define the common ground. The ambition still stands

! By Gerardo E. van Halsema (WUR) and with Data-tsaggort by Hans Langeveld (WUR) and Herco
Jansen (WUR) who provided the section on wateffipation.



1 Ecosystems services and their multiple demandsfor agr o-ecological water
management.

Ecosystem services

The concept oécosystems servichas been well established and elaborated, eslyecial
since the completion of the Millennium Ecosystensséssment (MA). Since the latter’s
completion the concept has also been formally abpy the RAMSAR convention as a
principle framework for wise use of wetlands.

The concept neatly encapsulates the multiple farfetemplex ecosystems through the
introduction of a typology oécosystem servic€see figure 1): (i) provisioning services
as food, fiber, fuel and water; (ii) regulating\sees as flood regulation and water
purification; (iii) cultural services as spirituahd recreational, and; (iv) supporting
services as nutrient cycling. Wherein the firsethare directly useful or beneficial to
humans or human well-being as they provide the gmymrmeans for production, natural
resources management, and spiritual well being.foimth one is clearly distinct in
constituting services, or natural processes, tteategjuired to maintain the ecosystem
and/or have a distinct function in natural resosrcgcles.

Figure 1: Ecosystem Services & Human Well-Being
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Sustainability

This ecosystem services framework imgligesat sustainability — defined in terms of
healthy ecosystems that sustain human well-bemgdires that a certain balance is
attained and maintained in the multiple servicésth inter and intra service typologies —
that are derived from the ecosystems and the natsaurces base. Over-dependency on
one, or a limited number, of services and typ&ésrhajor cause of trespassing the
carrying capacity and resilience of the ecosystseifj and thereby of its degradation

and eventual “extinction”. Whereby not only the ggstem itself, but also the services it
could provide, are severely degraded or lost.

The MA (MA 2005) asserts that over 50 percent efcHic types of wetlands in selected
regions of the OECD were destroyed during the tigdntentury, and many others in
other parts of the world degraded. The primaryatgvand pressures of degradation and
loss that continue to threaten wetlands today lasetly associated with the (over)
exploitation of provisioning services as food, faat water:

» Development of infrastructure

* Land conversion

» Water withdrawal

» Over-harvesting & over-exploitation

* Introduction of invasive species.
The negative impacts of these drivers have beenfisigntly exacerbated by the
optimization and maximization of, in particular raglture, whereby the resources base
and environment is purposely optimized to servel fomximization — e.g. water control
infrastructure, drainage and land settling, fexitiand pesticide use and associated
pollution, etc. Whereby the impact of these ondtieer specific functions and services
of ecosystems — or even the system at large —d&sfoequently disregarded and/or
uncontrolled.

The GAWI analysis of drivers, pressures, statesimpacts of agricultural interaction
across wetlands corroborates this picture of skeseedices exploitations in and around
wetland ecosystems. It are mostly intra-typologgcsic service (such as rice cultivation,
aquaculture, irrigated vegetables, etc) that dotaitiee exploitation of ecosystems by
human society, and throw their mark upon the shtilkesystem and its impact on
society. Frequently this exploitation of one, dingited set, of specific provisioning
services is further re-enforced by increasing nmagkeess and/or demand for the
provisioning product in question, which furtheralgses a skewed exploitation of mono-
use of ecosystem services. (See figure 2)

2 The notion implies is used here, because the frameof ecosystem services provides a simplified
concept of the services that can be derived fraettosystem. Whereas the ecosystem itself comstitut
complex of natural sub-systems (or entities) thgéther constitute the system. Individual serv{gesa
typology) will directly impinge on a limited andstinct set of these sub-systems, rather than tiwen
system itself. That is, until the thresholds ofliesce and carrying capacity are reached. As tide M
framework is focused primarily on the societal &sof human well-being and development, the léter
not dealt with in its complex detail.



The challenge for sustainability is thus to re-driéss skewed exploitation of services by
enhancing the other services into a balanced istathich the ecosystem can thrive and
sustain the multiple services it has to offer.
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Services: rendered or derived?

Remarkably, and crucially, one important elemerthefecosystems services framework
has remained un-discussed — at least in the eixpl&idocuments. The central focus of
the MA framework and assessment is on the ecosysgewices But whether these
services are being rendered by ecosystems, or idtheed from ecosystems by
segments of human society, remains implicit. Adtfgight this might seem a rather
pedantic and semantic discussion, but this issigksrarather elemental differential
point of departure — which is better known as tliedaichotomy of conservation vs
development.

The conservation perspective is inclined to talkestiand that the services are provided
by ecosystems. As such, the concept has been yagerkapidly adopted by
conservationists. It namely provides a beautifglanent to focus on the rich diversity of
services that benefit human well-being, and hense goes the argument — neatly
augments the good reasons and economic value sec@and care for ecosystems.

The socio-economic development perspective wikktdde stand that services are derived
from ecosystems by segments of human society. Wifithe rich diversity of services



potentially on offer will then be deemed exploiggbhnd thus be actively derived
through human intervention, will then primarily @ on the purposes that are deemed
worth and feasible to pursue.

The elemental difference lies thus in whether #terit services of ecosystems that may
(or are) providing benefits to human well-beingt are not yet valued or perceived as
exploitable, are intrinsic to ecosystems or nedaktoonstrued by society. This has direct
bearing on the notion of sustainability as defiabdve. Is sustainability primarily a
matter of increasing society’s appreciation oftthgs far latent services? Or, primarily a
matter of innovating the exploitations of ecosystesn that a richer, more diverse and
balanced set of services are being derived?

This is not to open up an old debate and dichotamgh has been attempted to be
bridged with much effort. The merit of the ecosystgervices concept lies in sensitizing
us to and defining the latent services of ecosystdius enabling us to better explore
how these services can be harnessed through inm@exiploitations to reap specific
benefits, for specific beneficiaries — or customerservices parlance. The challenge lies
thereby not only in finding innovative exploitat&rbut equally in finding responsive
customers — i.e. in creating markets or demanthfuge latent ecosystem services that
have hitherto been left to linger.

PES: Innovative market exploitations

The promotion and establishment of payment forremmental services (PES) schemes
has taken a great flight over the past decadedsasmethod of innovative exploitations.
Its great attraction lies in the financial mechargst provides to reap financial benefits
for traditional latent services — particularly régory (water regulation, flood control and
purification) and cultural (recreation and tourisseyvices — from direct beneficiaries (or
service derivers) to service providers.

The success or failure of a PES scheme is bas#tea@bility to “create” a market —
where the demand for a specific service and itefisrcan be met through supply — that
is based on tangible economic benefits, and nattonsic or total economic values
including externalities. In successful cases winegelatory services as water purification
and flood control are purchased (e.g. the Katskileme in New York, Evian in France,
Dutch flood Policy) the tangible benefits are mp&lund in averted investment costs —
e.g. in water purification plants, loss of markégalvater source and in upgrading river
dikes, respectivelyc{. UNECE, 2007

While at the land and natural resources use Isuelessful PES should provide an
alternative means of exploitation that providesneenic incentives (or purposes) to use
and manage the resources purposely for the providioegulating and/or cultural
services. The trick of PES is thus to transforraategulatory/cultural services into
alternative provisioning services that provide lamd resource users with an alternative
provision in economic livelihood. If successfulcBUPES can be a powerful tool in re-

% Exploit is used here in its first meaning: “to regkroductive use of (syn. Utilize)” (webster onelinand
thus not (necessarily) meant to imply any connotatvith exhausting resources.



balancing of the ecosystems services exploitatioma more sustainable equilibrium, as
long as it provides tangible and competitive akiirres to the traditional provisioning
services and same beneficiaries. However, in #tisrl aspect still lies the catch up till
now; the level of financial compensation offeredR&S schemes for environmental land
useé is still frequently considerably less than thaiakhcan potentially be obtained
through the exploitation of single provisioning\sees €f. Kiersh, Hermans, van
Halsema, 2006 Questions are thus still raised on whether PESredy (i.e. fully)

provide for alternative economic means from reguiatind cultural services in
competition with traditional provisioning servicémd thus, whether PES are not
primarily means of providing (additional) econorienefits to land uses that are already
predominantly earmarked for environmental uses.

The latter may provide, however, an opening folavets in middle and low-income
countries that are being used for livelihood supgoough diverse exploitation of
provisioning services. If PES can be devised thatige for supplementary monetary
income to wetland “inhabitants”, in addition to theelihood means they derive from a
diversity of provisioning services, an economiaiation may be provided against
sliding into a market oriented over-exploitationaogingle provisioning service in the
future. The pre-condition is that the PES indeer fbrovide for additional income to the
local stakeholders.

Water Management

The water resources base to be managed needsprs(yhether in quantity, quality or
timing) the myriad of provisioning, regulating aadltural services of ecosystems, and
the concomitant economic or beneficial uses maeeeti by segments of society (or
stakeholders). In addition it needs to provide tadlior supporting services.

From an ecosystems perspective the target of sasity is thus defined in terms of
maintaining the wider agro-ecological system tkathle to support the diverse
ecosystem services, and the beneficial uses madeoth From both the MA and our own
framework analysis the tendency is clearly conttarthis stated goal, in that the
integrity of ecosystems is severely undermined bkeaved exploitation of selective
services. Restoring the integrity of ecosystems tiecomes primarily a re-balancing act
of restricting over-exploited (and over exploitafj\services and revitalizing under or
non-utilized ones. We explore here what this méanthe filed of water regulation and
management -- in terms of how water managementaotyely support this re-
balancing act, and what this would imply for theldiof water management.

Services vs stakeholders

The current paradigm of Integrated Water Resouvtasagement (IWRM) is
stakeholder centered. As such its point of depaiitithe multitude of stakeholders and
the beneficial uses they (currently) derive fromafic ecosystem services. These are
then brought together through IWRM processes, @iai$ and regulations, through

4 E.g. specified forms of land use that are deeimemhance the regulatory and supporting servites o
ecosystems.



which the multitude of water requirements from eliént sectors and stakeholdease
sought to be harmonized and met. Within this pgradif IWRM ecologist and
conservationist have made great efforts and sttaesclude the environment and
ecosystems as a stakeholder in itself. A stakehaltieeh should consequently than be
served by a formal water right and allocation sfatn, by means of establishing
environmental base-flows. After which the negotiasi primarily centre around how
much nature should be served to provide for so nemefironmental benefits — usually
specified in terms of intrinsic and supporting $egg that benefit society at large.
Whereas from an ecosystems approach the pointpafrtige is the rebalancing of
ecosystem services and congruently the benefised that can be made thereof.

From the framework analysis it already became exittet different ecosystem services
will in their specificities be used beneficially byfferent stakeholders. A re-balancing
act of ecosystems services to be supported andieegthereby thus also implies a re-
allocation of beneficial uses and benefits amoagedtolders. In this issue paper the
focus is on how water management may serve thalesting of ecosystem services,
and the potential beneficial uses that may be ddriliereof. How, or even whether, then
different users (i.e. stakeholders) can be confdrtoeeap the benefits of the multitude
of services within the limits of the carrying cajads another issue, which will need to
be addressed at the level of drivers and pressurieh influence stakeholder and natural
resources uses.

[provide examples of re-alignment meaning re-dugttion form data-base?]

Aligning services for agro-ecological water managein

The challenge and target is to enable a multitdabfierent ecosystem services (both
within and across categories) to be used and edoabflynexploited from the same water
(or natural) resources base. As has become eviidentthe MA, CA and framework
analysis, this will require the promotion of sonmel @he restriction of others. However,
this is not a mere matter of re-balancing a muwgtof water uses to available suply,
source. The challenge is to harness the waterragants or uses of some ecosystem
services to provide for the others —i.e. utilizesy/stem services as a water management
tool to provide water for others. The obvious exbijeing where regulating services
(e.g. flood control and water purification) are posely put to use to manage water (i.e.
regulate and control) for provisioning servicedisiseries and water supply and cultural
services as tourism and recreation.

This does not imply that with agro-ecological wateanagement we can pursue and
enable win-win situations at all times. This isyofdasible in those contexts where the
population or livelihood pressures do not exceedctirrying capacity of the system. And
even then, trade-offs are likely to be made betwesrefits and beneficiaries.

It does, however, require a change in regardingystems — it should no longer be
equated with (pristine) nature, but be viewed srfuinctionality to manage water and

® E.g. agriculture, industry, water supply, hydroyeo etc.



resources for multiple services. The implicatiombehat, for instance, wetlands may be
altered, or even created, to better serve spdaifictions/services as water regulation,
purification, fisheries or recreation. This linereasoning thus implies that the
hydrological functionality of wetlands is put aetforefront as constituting those
regulating services that are to be beneficiallyl@xed, after which the additional
services (e.g. provisioning, supporting and culjuteat can be derived both beneficially
and sustainable are explored and develtped

I. Define the characteristics of water regulation fiors (or services in MA parlance)
that can be put to purposeful water managemeniuseer basin, or large scale
irrigation, management;

lI. Select and define the wetland(s) — whether natal@red or man-made (or
revitalized) — and devise a land-use and wetlandag@ment plan that is
specifically geared towards the “creation” and exkption of the purposeful
hydrological function(s) that are targeted for.

lll. Devise a wetland management plan and exploitatiategy that is specifically
geared towards maximizing the “permissible” exg@lban of multiple ecosystem
services — in particular provisioning, cultural agpporting — that can be derived
from the wetland without undermining the hydrolai¢regulating) services
targeted for.

In terms of agriculture-wetlands interactions (A\@gro-ecologicalater management
would thus encompass a twin-track approach:

0] the hydrological services to be exploited from aetls are to
provide specific water management functions abtmsen or
command area level, thereby servicing hydrologiequirements
of other land and natural resources uses up- addi@n-stream —
i.e. high production (irrigated) agriculture, wateipply and urban
safety. The hydrological services are thereby thuse exploited to
establish positive ‘indirect’ interactions betweeetlands and other
land and resources uses up- and downstream rigersbar
command areagf Chapters 1 & 2 of FD).

(i) Whereas the ‘second stafef devising exploitation strategies of
multiple provisioning, cultural and supporting Sees are thus
specifically geared towards establishing positnsitu and
periphery interactions between wetlands, agriculture aneroth
uses.

From an agricultural point of view (i.e. the praeising services exploitation) response
strategies will also need to be differentiated gltrese twin-tracks:

® In practice, of course, some limitations to thgutating hydrological services may be imposed shain
from boundary conditions of the other services particular supporting and cultural.

"Second stage’ is used here to indicate that theé-lsse and management strategy for the wetlamfisst
instance geared towards optimizing the indirectrblpdjical services in the basin or command areamnfr
these boundary conditions and thresholds are subs#y derived to establish the permissible in-aitd
periphery exploitations of multiple provisioningyltural and supporting services.



0] At basin-level interactions, agricultural intensp®duction (land-
use specialization of mono-services) will needoicut on
establishing Good Agricultural Practices (GAP) t thiee
specifically geared towards delimiting agricultwr@egative
(downstream) impacts on resources and servicesitgadpin (e.g.
water pollution and abstraction, sedimentation). etc

(i) Whereas the second track of devising sustainalp®igtion
strategies for multiple provisioning servicesrositu & periphery
wetland agriculture systems still remains sometloihg blind spot
in current mainstream agricultural R&D. In orderetthance this
field there is a clear need to explicitly focusagro-ecological
production techniques that enhance the agriculpnaduction from
ecological environments and resources that areandot (or are
not desired) purposely managed to enhance “monaédral
production systems. Whereby the recent developofamw
‘NERICA' rice variety is a good example of the emtien. (cf.

IAC, 2004)

Water for Food and Ecosystems
This twin-track approach to water management arithnés embraces the key
principle of the Water for Food and Ecosystems aagin:

“To adopt more of an ecosystems approach to aguce[track 1] and more of a
productive services approach to ecosystftnask 1].”

(cf. FAO/Netherlands conference on water for food arubgstems
www.fao.org/wfe2009

It also fits the policy recommendations 1 and hef Comprehensive Assessment:
“Change the way we think about water and agricudttir
“Manage agriculture to enhance ecosystems ”

(cf. CA 2006)




The role of wetlands for water management:

The argumentation to deploy the hydrological fumasi of wetlands agtological
infrastructure for water management in IWRM (as implied by trdcbove) would

seem entirely in line with paragraph 26 and Guieaad — E.4 of the RAMSAR
guidelines on IWRM¢f. RAMSAR Handbook 7). However, regrettably this does

seem to have been followed through to its logicalsequence since its adoption in 1999.
Subsequent developments in guidelines and handit@kesbeen shifting back into the
conservation argument — where wetlands are redaslsources of water that need to be
preserved, rather than wetlands as possible ‘taolsater management with which
multiple ecosystem services can be sustained. driidaimental difference being that
where hydrological functions are advocated as ewtdit reasons (to those provided by
supporting, cultural and selected provisioning mes) for the conservation of wetlands,
these hydrological functions can often be bettewiied — both in terms of capacity and
management function (i.e. water control and reguiat by water regulation
infrastructure. Whereas in terms of track | abakie,enhancement of the hydrological
capacity and management function a wetland haspallg to offer, is brought explicitly
to the forefront as the primary beneficial wetldndction, and to exploited to its full
potential.

Ramsar IWRM Guidelines on the Role of Wetlandsin IWRM:
ol g

Section E

Guidelines for Contracting Parties relating to assessment and enhancement
of the role of wetlands for water management

El. Informafion on functional and bicdiversity assessment methodologies and the means
for their integration for wetland management should be compiled by the Scientific and
Techmical Review Panel (STEP) of the Conwvention and disseminated fo Contracting
Parties, fior their adaptation to local situations.

El Undertake studias to identify the functions and benefits to water management which
are provided by the wetlands within each river basin. Based on these findings,
Confracting Parties need to urgently protect, through appropriate actions, the
remaining wetland areas which confribute to water resource management.

E3. Consider the rehabilitation or restoration of degraded wetlands, or the creation of

additiomal constructed wetlands within river basins, to provide services related to water
management [{refer to Resolutions VIL17 and VIIL16)]

M

Ensure adequate consideration in river management programmes of non-struchiral

flocd control methods which take advantage of the natural functions of wetlands (for

example, restoring floodplain wetlands or creating flood corridors) to supplement or
replace existing flood control infrastruchure.

Es 5

(RAMSAR Handbook 7; p.20)
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Scope for agro-ecological water management and GAWI guidance:

As with the general objective of the GAWI initiativthe scope to provide for guidance
on sustainable agriculture-wetland interactiongiede be targeted to areas and fields
that are (a) feasible and, (b) deemed desirabls.Sdoping for which, what and who are
meant to be addressed with the GAWI guidelineseimegal, and the sub-set of agro-
ecological water management in specific, can (aetls) to be conducted on several
grounds.

The “middle” ground:

In view of the old divide between nature consepratis development (i.e. wetlands vs
agriculture) there is little scope to address eitlieghese two extremes with the GAWI
guidelines — or for that matter imply a “middle Walgat can encompass the whole range
from pristine wetlands to agricultural productigrstems. There are ample good reasons
to pursue a conservation strategy for biodivefsiisspots, which have been adequately
and ably pursued by RAMSAR ever since its inceptiokewise, the development of
agricultural production “hot-spots” are adequatyered and pursued by the agriculture
sector.

The primary issues hereby relate to natural ressuaad land-use planning, and for the
case of agriculture a continued pursue of moreiefit resources use (especially water
and nutrients) and higher productivity; and furthemitation/mitigation of negative
impacts €¢f. CA 2006). It should be noted that in this light firequent occurring and
mentioned state changes of land conversion towgrie and water abstraction are to
some degree inevitable trade-offs of land and messuspecialization. [cf. Data-base]

Although a conservation strategy may be able tareeealuable islands of biodiversity
rich in supporting, cultural and regulating sergies well as selective provisioning ones,
the MA identified the largest and continuing lo$svetlands in the large ‘middle ground’
of “ordinary” aquatic ecosystemsf(MA 2005 (a&b)). Whereas the CA indicates that
this is likely to continue over the next five deeagdas the global demand for agricultural
production is still set to double — which will reciadditional land and water resources
to meet ¢f. CA 2006). And the latter is increasingly set éothken from suitable
‘ordinary’ ecosystems.

Defining the middle ground

For the purpose of scoping, the large “middle gdiwf “ordinary” or common aquatic
ecosystems that are set to interact with agriceikvil have to be defined in a more
specific manner. A possible way to do this, isaticettable 3.1 of the MA wetlands
synthesis (MA 2005 b) as a basic wetland typolagy assess in more detail the
suitability (and likelihood ?) for agriculture imgtions to develop over the next
decades. This should yield a considerable narralead typology of wetlands (30
percent of table 3.1
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The hydrological function

Specifically for the case of agro-hydrological wateanagement, the suitability or
capacity of wetlands to provide for hydrologicahétions, or regulating services, will
have to be defined and assesSkdterms of functionality for IWRM a®cological
infrastructure’only a limited set of hydrological functions arfespecific interest to
provide for basin level water control and manageroapacity:

* Flood control and protectianThe most common and prominent form of these
services are provided by flood plains and foreseldaaquatic ecosystems in
coastal protection.

» Water storage and regulatiofihese hydrological functions form one of the core
water control and management tasks of IWRM. Howgditde attempts and
progress has been made so far in trying to pravidee services through the
establishment okcological reservoirs’ The notably exception being tanks
within irrigation scheme<{. Kyrindi Oya case chapter 8) that over time get to
be regarded as man-made wetlands and aquatic éamsys

» Water purification The capacity of wetlands to act as effectiversedi traps
and sinks for toxic pollutants and nutrient loaslgvell acknowledged, in
particular among the water supply and beveragesiniés that have a high stake
in this field. It is also the hydrological functiservice around which by far the
most PES schemes have been established. It sheuldtéd, however, that also
agriculture can provide these services to somendxtespecially as a sink of
nutrient loads in waste water (providing protectamainst eutrophication).

The literature and debates surrounding hydrolodigattions and services of wetland
ecosystems also incorporates other services. Edlyetinctions regarding the regulation
of water quantities — e.g. groundwater recharge;gponge’ effect and dry-season base
flows, wetlands as a water provider, etc. — inaitet of interest and contested views. As
ecosystems still account for by far the largespetranspiration in the hydrological cycle
(cf. CA 2006), the end balance between water proviasi@hconsumption tends to be less
favorable than anticipated by some protagonigtBillock & Acreman, 2003 and FAO,
2005). These are therefore not recommended to iseigdi in guidelines for agro-
ecological water management of GAWI.

Defining the hydrological potential of wetlands
A similar methodology as above could be appliedefine the hydrological potential of
the MA/RAMSAR wetland typology, thereby identifyingetlands that could be
targeted to provide hydrological services for IWRMbasin level.

8 As above, preferably on the basis of existing lygies as of table 3.1 of the MA-
wetland synthesis. But this seems to have beeedctdl 1999 to be provided by the
STRP.
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The Agricultural Guidance

For the development of guidance on agro-ecologiedtr management, as on the GAWI
itself, the question beckons how far we, and RAMS$ARbuld encroach on to the field of
agriculture. It is suggested to inform this ansaethe basis of the twin-track approach
outlined above:

» Track I Indirect basin level interaction# this area of AWI the primary focus
is on establishing agricultural practices that gigantly diminish or abolish the
negative impacts on wetlands. Within the field gfieulture these are referred
to as Good Agriculture Practices (GAP), which alseaover a wide variety of
specific impacts and interactions, a.o.:

0]

0]
0]
0]

Conservation Agriculture — targeting soil erosisadimentation) and
infiltration;

Integrated Pest Management — targeting agro-chépadation;
Waste water use in agriculture — targeting nutrienycling;

Etc. (not only limited to crops but also coveringektock and
aguaculture)

» Track Il In-situ and periphery limited provisionirsgrvicesin this area of AWI
two agricultural scenarios can be distinguished:

o

Documentation and dissemination of “indigenous/fopeactices and
techniques of exploiting multiple provisioning seeas within the
ecological boundaries of wetlanad. FAO 2003);

Setting of a Good AWI agricultural R&D agenda, wdéne emphasis is
laid on the enhancement of provisioning servicesuth a more varied
use of species and varieties that are explicititeduor the agro-
ecological and hydrological conditions and limibais set for the
wetland. E.g. NERICA for upland and rainfed ricgtaforestry (?),
revitalization of floating flood rice varieties,sasted fish stock
rejuvenation, recession agriculture (specializatktias and
supplementary irrigation), etc.

An intrinsic difficulty under track two that needareful judgment is the degree to which
the Good AWI practices pursued may be replicablesacaquatic ecosystems. The
suitability should not only be defined in termshgfirological regime, but also in wider
agro-ecological conditions.

13



The agricultural guidance

In terms of the GAWI guidelines there is a cleagdhéo guide the audience towards
appropriate technical content of suitable agriaeltesponse strategies that may be
incorporated into an overall response strategynjoRPSIR analysis — The latter
following strongly from our methodological guidance

In terms of agricultural content guidance it ismawer, questionable whether GAWI
and RAMSAR should venture into this field. As farteack one guidance on GAPs to
improve basin level indirect AWI is concerned, suggestion is to limit ourselves to
providing a working/technical paper (check RAMSAfRminology) that serves as a
guide or listing of available and suitable GAPstprove track one AWIs.

As to the track two guidance, there is a much elescope to develop technical content
and setting of Good-AWI R&D agenda. A technical gxajn this field would then need
to cover: (i) existing practices of delimited exfadion of multiple provisioning
services — leads to available documentation and gmpe filled (?); (ii) a critical
review and methodology (steps) on the issue ofrdeténg replicability of agricultural
practices; (iii) identification of ecological domaiand hydrological regimes for which
Good-AWI practices and techniques can still be tgexd, and setting of a R&D
agenda.

2. Re-dressing State Changes

As indicated in the previous section, the MA ectestysservices framework defines
sustainability targets in terms of (re)balancing thultiple services that are derived from,
and supported by, the ecosystem. In terms of th&/GBPSIR framework this balance
needs to be achieved at the state level of theysteyas and resources base. Whereby our
definition and analysis of state changes in terhis@physical and resource processes is
an initial step towards unraveling the interrelasibips between services and bio-physical
process and sub-entities that constitute the etarsyf. footnote 1.) The drivers and
pressures can be regarded as further manifestatiqiyshe socio-economic purposes &
desires to derive specific services from the edesysind, (ii) the technologicaheans

to exploit these services, respectively. The inpact subsequently a measure of the
benefits, and costs, that obtained by society fiteerservices derived.

In this section a selective set of state changdgtaeir attempted or potential response
strategies to re-dress the changes into a moraisabte balance are presented From the
data-base analysis in the framework document, tvikirgy general reported state
changes are: (i) soil problems in Africa, anddiclining fish stocks.

° The data-base seems to yield some questionabiksresth regard to the role of technologies. Oa ¢ine
hand these are listed as not frequently appeasmiyigers of state changes, whereas in terms pbrse
strategies applied, a majority is directed towded$finical measures at the state level. But thiphasably
more to do with interpretation and classificatibart anything else.
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Soil problems in Africa:

The issue of soil erosion and its associated pnablef sedimentation, soil fertility loss
and low yields, is notvhat we would consider a typical wetland or RAMS&Rue, but
definitely a fundamental issue of agriculture. Hoes as indicated by the data-base,
these soil problems clearly interact with, and iotpgpon, the wetlands. Partly these
interactions are bio-physical in terms of increasediment loads that lead to shifts in
hydrological regimes in rivers and wetlands (batherms of increased runoff peaks and
altered water retention and regulation capacitygrévsignificantly though, the associated
yield and resources losses will feed negativelkhiaio increased drivers and pressures
on rural communities to expand the agriculturadntiers’ and seek out the often prime
land and water resources of wetlands. Which is r@8ected in the reported pressures of
agricultural expansion, intensification (althougistis likely to be strongly driven by
markets as well) and water resources managementsanadnce infringing upon wetland
water resources.

State change groups in Africa

29
@ Water resources (base), quantity and timing
m Water quality & Pollution
0O Soils, changes in physical character
0O Soils, changes in chemical character
m Loss or gain in biodiversity and species, or habitats
@ Others

Thus as part of a comprehensive response strategyerfectly obvious and desirable to
address this soil root problem within rainfed agftiere. Responses to this issue are,
however, agricultural in nature, and consist oélelshing Good Agricultural Practices
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such as Conservation Agriculture that are alreauy gf the R&D agenda of agriculture.
However, this does not mean that this issue iefber easily resolved or implemented.
Conservation Agriculture is by far a silver bullas, an issue specific response strategy on
a soil oriented DPSIR analysis remains relevaatidress the multitude of drivers and
responses that lead to, and continue to sustaininiout and low output erosion prone
rainfed agriculture practices. Also, and quite @llg, agronomic hurdles still remain to

be taken to adapt the conservation agriculture @ono the agro-ecological specificities
and diversity of Africa, as it is based on an agcotogical cropping system.

A renewed attention and investments to revital@efed agriculture is also entirely in
line with the policy recommendations and prioritiéshe CA, as expressed in policy
action 5:*Upgrade rainfed systems — a little water can glmag way.” This has been
clearly identified as the realm of agricultural guation in which potentially the biggest
gains in productivity can be achieved with regardgriculture’s water and other
resources utilization. The CA therefore identifieis as a major field in which
productivity advances can and need to be madedier @0 meet the doubling demand for
agricultural production, without excessively deigtthe limited water and land
resources.of. CA 2006) However, realization of these gains infead production will in
many instances need to be accompanied by investrmestipplementary irrigation,
especially in light of the predicted increasesaimfall variability f. IPCC 2007).

Thus, even though conservation agriculture is guaalagricultural response strategy to
soil (and water) problems in rainfed agricultuteategic response alliances between
agriculture and wetland sectors in this field a¥dainly welcome for the enhancement of
improved AWI, especially for the indirect basin é¢wnes.

Decline in fish-stocks and fisheries:
The decline in fish-stock and catch is reportedrasof the most prominent impacts in
the case data-base:

Impact As % of total impact* As % of cases
1 Increase in Crop Production 12 44
2 Increase in cereals 11 40
3 Fisheries (capture) declined 10 37
4 Increase/decrease in conflicts 6 24

* fraction of impact to all reported impacts ovélrases, where one case will report more thanimmpact

As increase in cereals can be subsumed withinmmaguction increases (and thus
regarded as double counting) decrease in fishasgsmes a second place in reported
impacts. Under conditions of no water control féies, the impact is more pronounced,
constituting 25 per cent of reported impacts umewater control. (Thereby indicating

in all likelihood the relative importance of fisles as a provisioning service under these
conditions.) In terms of wetlands, the declineighéries is most pronounced in coastal
wetlands, amounting to 20 percent of reported inggMost likely for similar reasons.)

Whereas from a regional outlook, the decline ihdiges is the most pronounced in Asia
(19 percent) and relatively low in Africa (6 pertern Africa the impact is less
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pronounced, as the reported impacts in crop praatyaiecreases in livestock grazing
and economic differentiation are relatively morermunced than the averages reported.
Whereas for Asia, the decline in fisheries is dietire most prominent of all reported
impacts. (see figure 4) — However, caution shoelddien in that it is not clear in how
far the regional results may be skewed by wetlgpe-(i.e. all coastal wetland case are
in Asia).

Figure 4: Declinein Fisheries Impact
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These reported declines in fish capture are cledolsely associated with alterations in
hydrological regimes of rivers and lagoons, anddiygletion of stocks and water in
confined water bodies and aquatic ecosystems. Whalllt in negative state changes in
river hydrology in terms of degradation of fish hats for spawning, feeding and (low
flow) refuge. €f. Lorenzen et al., 2006) [Note: we have major irsistency in our data
base in that reported decline in fish stock ase sthange is a dismal 2 hits — this must
be a reporting matter and | suggest to deleterhg.¢ These usually stem from limited
purpose water abstraction and control regime foicafjure and hydropower —
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corroborated in our data-base where changes wadler resources base are listed as the
most frequent occurring state change (averaginge2@ent), and the associated impact in
increased crop production averaging 40 percentr@). However, also positive state
changes do occur and are reported, where fishstulk catches are improved, often
purposely, within hydrological and hydraulic infrasture of the (irrigated) agriculture
landscapes (e.g. reservoirs, tanks and catfals).

Figure5
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In terms of ecosystem services the decline in fiskas thus a typical example of the
skewed exploitation of services, even within tresslof provisioning services, where the
over emphasis on crop production leads to therdetri of fish. This also then tends to
be reflected in the socio-economic impact, wheeesttewed exploitation of services
leads to socio-economic differentiation (figure &,it tend to be the landless, poor and
fish-folk that get deprived of their food securéyd livelihood means to the benefits of
farming community. Restoring balances in ecosystenices will in such cases thus
also lead to redress of the equity in derivatioeainomic benefits by different segments
of society (i.e. stakeholders and sectors). Wheselogess, or ease of achieving success,
will largely depend on the degree to which the mesd of equity depends on re-
distribution of benefits from one group to the atfeg. of economic trade-offs). Which
will need to me mitigated primarily at the drivensd pressures level, as illustrated with
the cases of the Dutch flood plain policy and Deses river conservancy.

But, as Lorenzen et. al. (2006) show and arguesiderable gains in fisheries can
already be achieved at relatively low costs toadure, by “simply” adopting a multiple
purpose hydrological perspective that explicitlg@mts for the eco-hydrological
requirements of fish stocks. Meeting these requar@sican be frequently achieved by
introducing alterations in hydraulic structures @adjeted modifications in controlled
flow regimes. Thereby targeting explicitly for figkater requirements in addition to those
for crop production in water management practices.

19 See for example Lorenzen et. al. (2006), issupteha8 with cases of Kirindi Oya, and the restorabf
wetlands and lagoons (Chilika).
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Figure6

Socio-economic differentation & conflicts
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In terms of the twin-track approach, restoring déisés would primarily become an issue
for establishing and fostering provisioning sersiaetrack-1l in-situ and periphery
exploitations of aquatic ecosystems. Clearly, Abasin-level (track-1) will need to be
adapted and modified, in particular to remove presw#ibits to fish-stock movements.
In non closed river basinsf( CA 2006) the opportunities imposed by hydrological
functions in the agro-ecological landscape as dgenwater purification, flood
protection, and providing low-flow water storages potentially suitable to be
accommodated in track-1l wetland management plankere the hydrological function
is explicitly provided for as a regulating serviead fisheries can be targeted as
important provisioning service. In closed riveripagibid) these options are likely to be
restricted to man-made wetlands or reservoirs only.

Socio-ecological systems

Inland fisheries is a typical common resource pbat can easily suffer from the
‘tragedy of the commonsyndrome that leads to over-exploitation of tish ftock
and the eventual demise of both fish and fishesgesor. Devising of an adequate
management strategy and system that can regulgligitexion and secure the
ecological resilience of the stock is thereforeeatial, and often a challenging task.
Different methods and approaches are under devenpm various fields of
common pool resources management (i.e. not ory, fiat specifically focus on
building institutions for the tasks at hand. Amdhgse, worth mentioning, is the
development of “socio-ecological systems” thatpedfically geared towards
devising management systems based upon monitanshgecision criteria that are
derived from the ecological characteristics ofrdsource in questioncff Wilson,
2006)

Although not unimportant, it is not recommended@#WI to enter into this realm
of guidance, because: (i) it is not limited anaveaint to GAWI issues only; (ii)
GAWI has enough on its hands; (iii) there is adiot there in this field to which
reference can be made..
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Rice-fish systems and the quest for water produitfiv

with field to field water supply management areyvamnitable for fish capture.
Whereby the maximization of fish capture in geneeglires adaptations in water
scheduling and management, and the use and samgdfilagro-chemicals. These
rice-fish systems have thrived primarily in moraditional south-east Asian paddy
landscapes, that are regarded by RAMSAR as man-meti@nds with significant
values and services if food production, biodivgraind cultural value — and rightly
SO.

Within the agriculture and water management sethiercultivation of paddy has
coping with water scarcity and the needntcrease the agricultural productivity of

water requirements of rice cultivation has receiaddt of R&D attention. Resulting
in new techniques as alternate wet dry irrigatind direct seeded saturated
cultivation. Although it can be, and is, debatedadrat scale of analysis (e.g. field,
scheme or river basin) one should consider theieffcy of water use in rice, it
should be noted that these new agronomic pradiicéscreased water productivity
of rice production do not allow for the exploitatiof rice-fish systems within rice

rivers.

Traditional paddy landscapes with multiple serviassice, fish, homestead
cultivation and culture, as well as rich agro-biaatsity, that can be considered as
man-made ‘cultural’ wetlands, are thus to be regaaks track-Il type wetland with
strong provisioning and cultural services.

As outlined in issue chapter 10 of the frameworkwdoent, traditional paddy system

long been regarded as a high water consuming peadtiith the current emphasis o

water (cf. CA 2006, policy action four), devising agronomragtices that reduce the

field boundaries. In these systems fish need teeloeated to reservoirs, canals and

Fisheries guidance
The work initiated by Lorenzen et. al. (2006) imyding guidance in combining

irrigation and fisheries through multiple water ragament services fits perfectly with

the GAWI initiative and interests of RAMSAR. Furthetrategic collaborations in this
area thus welcome.

An area that may require further attention in tieife is how fisheries can be actively

supported as an effective provisioning service witdnd along different hydrological
characteristics of wetlands in the water managefaadiscape.

%)
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Flood protection:

The case of the Dutch flood plain policy annotateis DPSIR elements in chapter two
of the framework document provides an excellentrgta of the principle outlined in
section one of basing the management of, in thes,dhe flood plains around a specific
and purposeful hydrological function, namely prtéitet against flooding. Which in the
case of the Netherlands represented a marked tuhalith the floodplain land use
strategies of the past decades. The basic pringigerlying this marked turnabout to
base the land and resources use planning of thehDiver floodplains principally on a
regulating service as flood protection, insteagrolvisioning services as agriculture and
urbanization as here to forth, was the Netherl@olgernment’s financial interest in
averted investment costs. The extreme river peaisflof the spring of 1995 which lead
to serious risks of flooding in Wagenigen and pdde south, some of which were even
completely evacuated, brought to the front theosisrliimitations of the river dikes. The
first and immediate reaction to this crisis wag tha river dike system was in dire need
of a complete overhaul (i.e. stronger and highlkees)i. In which it was argued that the
lapses to the river dike system had been alloweddep in, as all the attention and
(financial) effort of the sector was directed todsproviding a revamped flood
protection against the see after the flood of 198h strengthening works underway on
the weakest river dike sections and as the natmverhaul plans started to emerge, it
quickly became apparent the government was facemgmmvestments costs for decades
to come — just as with the delta-works againssteethat were nearing their completion.

Within the agricultural sector the revision of thg-CAP system started to play up
around this time, with the aim of limiting the opesduction within the agricultural

sector. Where the EU production policies had easlienulated pressures as colonization,
polders and intensification, the reduction of opeyduction was being translated into
drivers and pressures to reduce and consolidatagiteultural sector. For non-

intensified agriculture attention shifted more toslsathe multifunctionality of agriculture
in becoming managers of the landscape and keeparsaband environmental

patrimony.

The emergence of the new Dutch floodplain policy wee fruit of pairing the turnabout
in agricultural policies with the need to provide &n increased flood protection by
means of restoring the river flood plains and iaseethe peak flow capacity within the
outer (or winter) dikes. Something that could Hatreely easily and cheaply (when
compared to revamping of dike infrastructure) aebieby actively restoring the flood
plains through hydrological landscaping, limitingderelocating agriculture to non flood
intrusive agricultural practices (i.e. low flow somar agriculture). In addition, the new
floodplains were ideal to restore wetlands, withalitthe increasing demands for nature
and recreation in Dutch society could be met.

So both from an agriculture interest and flood @ctibn interest, the reshaping of the
floodplains could be initiated, and affected farsneompensated to change their practices
to flood friendly agriculture (both from agriculalrmpolicy reforms and averted flood
protection investment costs).
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The use of financial compensation measures totefédyg transform (or delimit)
agricultural practices to subdue to a primary hialyizal function as flood protection,

will of course not be feasible everywhere outslie®ECD. In these circumstances there
is thus a clear need to provide for effective aldives in deriving economic benefits
from provisioning and cultural services that arbdied to those of establishing the
hydrological service in question. Inevitably, theg# need to come from ‘Good AWI”
practices for track-Il type wetlands. To provide gouidance in these, there is thus a need
(as described in section one) to: (i) provide aereew inventory or existing

provisioning practices and techniques that areddir track-Il type GAWI, classified
according to suitability of hydrological functioa éstablish [Do we have any base-work
to build upon?]; (ii) setting of a R&D agenda farproving productivity of track-II
provisioning services; (iii) provide for methodologl guidance for dealing with the issue
of ecological replicability of Good AWI.

Even though alternative agricultural practices nmagrove the relative benefits of
“subdued” agriculture, it will be recommendabldransform the multifunctional
elements of resources use and management intoeterRES', that provide for

additional financial benefits (or compensationytakeholders to sustain the hydrological
and ecological character of the wetland. If nolyptod provide some economic insulation
against market forces to push provisioning seniimgsond the boundaries imposed by
the eco-hydrological function.

Purification

Environmental degradation as a result of releaggamuction of physical, chemical
and/or biological compounds can be caused by a hagety of human activities,
whereas human activities or economic sectors a@ea associated with characteristic
pollutants. E.g. agriculture is mostly associatéith wutrients, pesticides and increased
salinity. In the mining industry increased concatitns of heavy metals, sulphate and
acidy are often experienced. Industries have ofeen specific effluents, depending on
the industrial processes, e.g the leather indystigiuces chromium, sulphur and various
greasy compounds.

Water purification is a very widely applied wateamagement function of wetlands.
Wetlands can remove or immobilize a wide varietypbiysical, chemical and/or
biological compounds. As the purification functiohwetlands depends on many
parameters that need to be controlled and managest,examples where wetlands are
specifically dedicated and managed for purificatiefer to artificial (constructed)
wetlands and remodeled or reconstructed existirttanads.

Wetlands have a great potential to control andgaiié the impacts of agriculture on
surface water resources, as their constructioropedation is often cheap in comparison
with other remediation options. An example arewietlands in Southern Florida, USA,
where phosphorus removal by artificial wetlandarisntegral part of environmental
protection and restoration programme. Nearly 20/@8@ares of artificial wetlands were

> Whether administered by public or private seatdtNECE, 2007)

22



created for storm water treatment. They are ofterstucted on former agricultural lands
to reduce the phosphorous loads that are beinbatiged by drainage waters. Hence part
of the lands were reallocated to provide purificatservices instead of services to
agriculture. At the same time these wetlands tatdiagriculture, as their mitigating
function can (in principle) result in less restioais or less costly measures for
agriculture, hence a larger net benefit from thegemarea..

The South Florida Water Management District is Ilagd in the construction and
management of treatment wetlands in the Okeechodsa. Lake Okeechobee functions
as the central part of a large interconnected agaabsystem and is also the major
surface water body of the Central and Southerridddflood Control Project and South
Florida’s most valuable fresh water resource. lditaah the lake is important for a
number of economic functions, such as water sufgfuynestic and agriculture) and
fishery.

The artificial wetlands were constructed to servstarm water treatment areas,
principally aimed at the restoration of the (doweamm) natural wetlands. Nutrient-rich
storm water is directed from natural streams tcattiéicial wetlands and thereafter
discharged to the streams again. These wetlangsaref the integrated basin
management, which also incorporates BMP for agricell Additional retention ponds
were constructed on private lands, mostly to reswlated natural wetlands.

The phosphorus removal occurs by vegetation ugallesoil absorption. The wetlands
still have additional hydrological functions, pripally water retention.

Also in Florida macrophyte systems for the rem@fahosphorus from wastewaters and
surface runoff is already investigated and pradtioe decades. They are cost-effective
and generate good results. The systems also prstadege, which can accommodate
agricultural drainage water in order to prevenséhffom polluting pristine surface
waters. Presently various alternative systems eeational, including forested wetlands
and managed floating plant systems (periodicallyésted). The waters that are treated
can be domestic effluents, agricultural runoff @nginage water and eutrophic lake
waters.

Another wetland system is created for the remof/ahosphorous from the hypertrophic
Lake Apopka. Here a 21-Kmvetland has been constructed where the lake vgater
recirculated. The costs of this phosphorous rempradess is only a fraction of
traditional mechanical removal (dredging).

Design and management aspects

The purification function of wetlands can be asated with a wide variety of physical,
chemical and biological processes. In order toifipatly use wetlands for water
purification it is, therefore imperative:
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1. Clear specification of the physical, chemical andhological compounds that
should (principally) be targeted for removal.

2. Selection and good understanding of the (physitemical and/or biological)
processes that are to be benefited for the renadyadllutants.

Both aspects determine to a large extent the desigemodeling of wetlands, their
operation and maintenance, and the opportunitidsestrictions to economic functions.

Processes to remove pollutants
The following pollutant removal processes can ls#imtjuished:
» Physical processes: precipitation (e.g. silt rerhttvaugh settling) and filtration
» Chemical reactions (equilibrium, redox, volatilizat, precipitation, biological
degradation)
e Adsorption (e.g. removal of phosphor, heavy metals)
» Use by vegetation or degradation by micro-organi@mgs nutrients)
« Denitrification™® (removal of nitrogen)

Certain pollutants may be removed by various preegse.g. phosphorous can be
removed through adsorption to the soil, by plartake and by filtration. Plants can either
use or adsorb pollutants. The occurring procedse®asly have implications for the
required management and use potential of the wagtldflows may need to be regulated
and adsorbed pollutants may periodically need teebeved.

Management

The effectiveness of wetlands for purification epdndent of the wetland type and
environmental factors (including the hydrology) €Tpurification processes are often
subject to annual or seasonal environmental fluicos: Water levels, temperatures and
light (penetration) affect chemical processes. Mustification processes are rather
sensitive to the physical environment. Wetland$aipurification function, therefore,
require stricter management and control than, Xangle, wetlands that principally
render water regulation services. As a consequelost situations where wetlands are
used for purification refer to artificially constied wetlands (see also box).

Management implications of processes

Precipitation and filtration

If compounds are to be removed by settling thewfand outflow velocities are
obviously important parameters, which imposes @t the water inflows and
outflows. Also the wetland plant species deterntitgeflow velocities and effectiveness
of precipitation.

If precipitation occurs through infiltration oraieculation the soil parameters (hydrauli
conductivity) are important. As wetlands are, gatigr subject to clogging regular

o

12 Here mentioned as a separate process given itriamze
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maintenance is required (silt removal, dredgindpisespecially applies to natural
wetlands, artificial wetlands can be more easilyroed.

Chemical reactions

If compounds are to be removed by chemical reagtibe wetlands water composition
and oxygen status (and supply) are important passiel he wetlands chemical
composition should obviously be different from thater to be purified. This implies th

there should be an additional inflow, which therefonposes strict control of the fluxes.

The oxygen status is dependent on the interactitimair (diffusion at the surface,
mostly through turbulence) and underwater plant@hmthesis.

Adsorption
If compounds are to be removed by adsorption tloengéry of the wetland (depth, area
surface, shape of the bottom) are determining facithese require minimum
management. The type and composition of soils bstsates and the vegetation are als
critical parameters, as well as the flow velocities

Use by vegetation
If compounds are to be removed by vegetation uptakeegetation and flow velocities
are the determining factors.

]
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