The Abdus Salam -t
International Centre for Theoretical Physics

iz

2165-13

International MedCLIVAR-ICTP-ENEA Summer School on
the Mediterranean Climate System and Regional Climate
Change

13 - 22 September 2010

Ecosystems: Modelling and understanding the Mediterranean
ecosystems: state-of-art, knowledge gaps and future developments

CRISE Alessandro

oGS
Trieste
Italy

Strada Costiera | I, 34151 Trieste, ltaly - Tel.+39 040 2240 || 1; Fax +39 040 224 163 - sci_info@ictp.it



SURFACE CHLOROPHYLL (mgChl/m3) 080211+8 DAY

Global

OGS—0FATM

[] E3 13 15E

Adriatico Guest House, Kastler Lecture Hall 13-22 September 2010



* Some examples:
— Climatic prediction of Mediterranean ecosystem

— Scenario analysis for the Venice Lagoon: a downscaling
example

— Operational forecast of biogeochemical variables for the
Mediterranean area

« Conclusions



“Concentrations of man-made greenhouse gases are driving
irreversible and dramatic changes to the way the ocean functions,
with potentially dire impacts for hundreds of millions of people across
the planet.

The impacts of climate change on the world’s oceans include
decreased ocean productivity, altered food web dynamics, reduced
abundances of habitat-forming species, shifting species distributions,
and a greater incidence of disease.

Further change will continue to create enormous challenges and
costs for societies worldwide, particularly those in developing
countries” (Hoegh-Guldberg & Bruno (2010)



by them

 the abiotic environment within which
the organisms live

 and the interactions between these
components.

(from Encyclopedia of Earth http://www.eoearth.org/article/ecosystem)



* living organisms continually
Interact with each other and
with the environment to
produce complex systems
with emergent properties,
such as the nutrient cycles

» "the whole is greater than the sum
of its parts" and "everything is
connected".

(from Encyclopedia of Earth http://www.eoearth.org/article/ecosystem)
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Energy transfer

Energy loss (heat)



« Marine ecosystems are among the largest of
Earth's aquatic ecosystems.

 They include ocean, salt marsh and intertidal
habitats and communities, estuaries, lagoons
mangrovies, coral reeefs, deep sea and sea
floor

 Peculiarities of marine ecosistems
— Largest in the world
— The habitats are fully three-dimensional

— Light penetration and estintion create different
regions depending on seawater biogeochemical
properties
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Response of Venice Lagoon Ecosystem to Natural and Anthropogenic
Pressures over the Last 50 Years.

C. Solidoro, V. Bandelj, F. A. Bernardi, E. Camatti, S. Ciavatta, G.
Cossarini, C. Facca, P. Franzoi, S. Libralato, D. M. Canu, R. Pastres, F.
Pranovi, S. Raicevich, G. Socal, A. Sfriso, M. Sigovini, D. Tagliapietra,
and P. Torricelli
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species, the alteration of species
distributions

major changes in their interactions
with other species,

modifications in the ﬂow of energy -Is_oetaa,l fggzs_u;c’)ac;:; temperature changes in the Mediterranean

and cycling of materials within B @ 202020 .
"Coastal and Marine Ecosystems and Global 10705 90 08 10 T8 20 25 39 8
Climate Change: Potential Effects on U.S.

Resource Report, 2010”




Sulfate reduction
Denitrification

r- Photosynthesis
Nitrification L__ A alinity «—s CO2

Sulfur oxidation
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CaCO3; Bicarbonate

(Courtesy of Scott Gallager, Woods Hole Oceanographic Institution)




Fig. 1. Principal reser- 420 18 ka

voirs and fluxes (ar- Atmosphere 4 590 A.D. 1750

rows) in the global car- -1 L750 AD. 1990

bon cycle. Vertical te 13t 6o 2103} {70
placements relative to i 953”309
scale on left show ap-

proximate time scales
required for reservoirs
and fluxes to affect at-
mospheric CO,. Most
estimates are from (13).
Double arrows repre-
sent bidirectional ex-
change. Single arrows
to and from the atmo-
sphere are approximate
estimates of anthropo-
genic CO, fluxes for 1,000,000 Earth’s crust 90,000,000 l
1990. Terrestrial uptake v v

of anthropogenic CO, is

likely (see text) but not shown because of large uncertainties.
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2H* + CO;> & H* + HCO; < H,CO,
Dissolved Inorganic Carbon (DIC) reservoir
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composition, etc.) and Its tunctioning

The ecosystem models include both the biotic community
dynamics and the interactions with the abiotic component (e.g.
physical and chemical properties of the sea water, ocean
dynamics, light intensity and spectral distribution)

The ecosystem models simplify the description of mutual
interactions thar govern the community functioning by identifying
the main components (organized in trophic levels) and by
quantifying them as number of organisms, biomass, or
concentration of some key chemical element|



— —aX -B8XY — =7.8.XY -54.

dt dt

where,
—X is the number/concentration of the prey species;
—Y is the number/concentration of the predator species;
—« is the prey species' growth rate;
— [ is the predation rate of Y upon X;
— v is the assimilation efficiency of Y;
— 0 is the mortality rate of the predator species

Volterra originally devised the model to explain fluctuations in fish and
shark populations observed in the Adriatic Sea after the First World War
(when fishing was curtailed).

(From Wikipedia)



» Biogeochemical models (lower trophic
levels including physical forcing)

» Ecosystem models (higher trophic
levels)

* End-to-End models (integration of
biogeochemical and ecosystem models)
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and to predict population level
patterns as emergent
properties’

An individual interacts with predators, prey and mates through encounter
processes that are in part requlated by adaptive behaviours



Ecosystem-Based Management Tools Network
Ecopath - Ecosim

Some Mediterranean applications (Coll et, al, 2005,

Zucchetta et al., 2003)
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«difficulty to create one generic
“ideal” model capable to answer
all questions from end to end

-generic modelling approach: “as
simple as possible and as complex
as needed”.
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Key species are not present as in other
seas

Size/age models too cumbersome to be
fully Implememented

BFM class of models seems to incorporate the basic mechanisms up to the
level of mesozooplankton. The abundance (of tunicates and cladocerans) and
effect have been traditionally neglected,and we lack knowledge on the relative
importance of the groups in planktonic food webs (Agawin et al.,2000)

At this and higher trophic levels, key species, Individual Base Models (IBMs)
or ECOPATH/ECOSIM might be alternative modelling approaches as far as
they are linked to the dynamics of functional groups at lower trophic levels.

-

Conceptual structure of a meta-model (model of models)




SEASONAL ANNUALINTERANNLU

(Ruiz et, al. 200

Meta-model of the Mediterranean Marine Ecosystem adopted as guideline
for the development/integration of new model within SESAME IP



Nutrient cycles models
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The estuarine inverse thermohaline circulation and export

proc!uctlon creates the EXW;

vEmi

FO hic gradient (Crise etal., 1 999% “"iwml
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Peculiarities of the Mediterranean Basin




7 Coastal

6 Coastal
5 Bloom

4 Intermittently
3 No Bloom

2 No Bloom

1 No Bloom

" Ocean Data View

10°W

(Ribera d’AlcaTé, Crise and D’B‘i’tenzio, 2010) r

Figure 5. Temporal evolution of the centers of the clusters obtamned from the k-means

analysis. The colors of the curves follow the same color scale of figure 4. (a) “Bloom™ and
“Intermittently blooming™ areas (clusters #4 and #5). (b) “No-bloom™ regions (clusters

#1.#2.#3). (c) “Coastal” regions (clusters #6 and #7).






Predictability

Systems described by non-linear equations are
prone to develop deteministic chaos.

This in priciple imposes severe limitations to the
predictability of the systems (e.g. Lorenz, 1961)

In some simple cases, even non-linear systems representing
the Nitrogen cycle in the marine ecosystems can be
unconditionally stables (Crise et. Al.,1998, Crispi et al., 1999)

The biotic community structure and functioning in some
cases regulates ecosystem predictability (McGrady-Steed et
al., Nature, 1997)
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equilibrium conditions.

—“a far-from-equilibrium system that constitutes and
maintains itself establishing an organizational identity of
its own, a functionally integrated unit based on a set of
energetic couplings between internal self-constructing
processes, as well as with other processes of interaction
with its environment’

Kepa Ruiz-Mirazo, Juli Pereté and Alvaro Moreno, A Universal Definition Of Life:
Autonomy And Open-ended Evolution (2004) (modified)



Median Spearman
correlation = =0.71

MODIS

—— OPATM-BFM

-




dissemination.

Important products derived from operational
oceanography are:

e nowcasts

 forecasts
 hindcasts
e reanalyses

GMES Marine Core Services are the first example of a
coordinated pre-operational initiative for the Ocean
montoring and forecast (project MyOCEAN)
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 Climatic impact on Venice Lagoon
ecosystem



_lcurrent status of Mediterranean Sea

_IResults on future simulations
_lcomparison between present and future



OPATM-BFM without ATI (1998-2004)

OPATM-BFM REF (1998-2004)

OPATM-BFM REF+EXT+0.01(1998-2004)

OPATM-BFM ERA40 With ATI (1997-2001)

OPATM-BFM ERA40 Without ATI/ Gib (1997-2001)

OPATM-BFM MFS-CV_SXG 20C (1991-2000) with ATI

OPATM-BFM MFS-CV_SXG_20C (1997-2000) without ATI/Gib

OPATM-BFM MFS-CV_SXG_A1B (2097-2100) without ATI/Gib
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Physical forcings (U,T, /, ecc) ’

1 Horizontal Resolution: 1/8° 1 1 year simulated in 1 day
(Physics 1/16°)

1 Output saved every 10 dd
IVertical Resolution: 43/72 levels

—l Timestep 1800 s



- CEFREM)

1 Atmospheric inputs — data from Guerzoni et al. (1999)

_ILight extintion coefficient — satellite derived from SeaWIFs , time
and space dependent (seasonal
climatology)




Interannual trend of phosphate in the layer 0—50 m
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Model results (1999-2004) vs SeaWIFs (1999-2004)
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NPP (gC.m™y") OPATM-BFM OPATM-BFM OPATM-BFM Other Satellite model”
without ATI REF REF,(K+0.01) models
Mediterranean (MED) 95 98 87 * 90
(+85/+4) (£82/+5) (£74/+7) (£48/+3)
Western basin (WES) 127 131 120 1207 112
(£103/+5) (+98/+6) (£89/+7) (£65/£7)
Eastern basin (EAS) 73 76 64 56° 76
(+61/+4) (£60/+5) (£53/+8) (£20/+2)
Alboran Sea (ALB) 273 274 243 * 179
(£129/£12) (£155/+11) (£137/+7) (£116/+13)
South West Med (SWW) 156 160 145 * 113
(£91/+7) (+89/+8) (+79/+6) (+43/+6)
South West Med (SWE) 113 118 109 * 102
(£71/£12) (£70/+13) (£66/+12) (£38/+4)
North West Med (NWM) 111 116 108 * 115
(+84/+6) (£79/+6) (£75/+7) (+67/+8)
Tyrrhenian (TYR) 88 92 88 * 90
(+66/+5) (+63/+5) (£62/+6) (£35/£7)
lonian (ION) 74 77 68 27-153" 79
(x61/£3) (£58/+4) (£54/+6) (£23/+2)
Levantine (LEV) 73 76 60 97°/ 72
(+61/+6) (£61/+5) (£51/+11) 36-158" (£21/+2)




NPP (gC.m™y ") In Situ In situ
Climatology Specific periods
Mediterranean (MED) 80-907 =
98 (+82)
Western basin (WES) * 145 (May-Jun)
157 (+94)
Eastern basin (EAS) - 65° (May-Jun)
73 (+39)
Alboran Sea (ALB) S 2-235" Nov
199 (£117)
South West Med (SWW) * 109-470% (May)
208 (+85)
South West Med (SWE) * > 164 (May-Jun)
163 (+60)
North West Med (NWM) 156° 365+4"(Mar) / 77-919(Oct)
116 (+79) 219 (+106) / 52 (+35)
Tyrrhenian (TYR) * 128-164° (May-Jun)
102 (+43)
lonian (ION) 62" 58-164° (May-Jun) / 186+65" (Aug)
77 (+58) 69 (+36) / 58 (+25)
Levantine (LEV) * 58-128° (May-Jun)

76 (+40)
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_IReference run with the 'best forcings’ (ERA40 reanalises)

1 Simulation with SXG-A1B with A1B scenario forcings

' These results are obtained within SESAME IP project
where the forcings are provided by CMCC



NPP (gC.m*y") OPATM-BFM | OPATM-BFM OPATM-BFM | OPATM-BFM OPATM-BFM OPATM-BFM OPATM-BFM Other Satellite model”
without ATI REF ERA40 ERA40 MFS-CV_SXG_20C | MFS-CV_SXG_20C | MFS-CV_SXG_A1B models
With ATI Without ATI/ | (1991-2000) with ATI (1997-2000) (2097-2100)
Gib without ATI/Gib without ATI/Gib
Mediterranean (MED) 95 98 93 84 103 89 90 * 90
(£85/+4) (£82/+5) (£72/+2) (£84/+69) (£79/+2) (£74/+2) (£771<7) (+48/+3)
Western basin (WES) 127 131 104 79 17 84 86 1207 112
(£103/5) (£98/+6) (+75/+5) (£62/+3) (+85/+5) (£71/8) (£79/+7) (£65/+7)
Eastern basin (EAS) 73 76 86 87 93 93 93 56° 76
(+61/+4) (£60/+5) (68/+4) (£73/+4) (£72/+3) (£75/+2) (£75/+9) (+20/+2)
Alboran Sea (ALB) 273 274 175 79 196 65 59 ¥ 179
(£129/£12) (£155/+11) (£133/£9) (£71/27) (£139/+6) (£61/+9) (£60/+13) (£116/+13)
South West Med (SWW) 156 160 114 79 136 92 94 * 13
(£91/7) (£89/:8) (£69/+5) (£62/+8) (+83/+5) (+84/+8) (£94/+5) (+43/+6)
South West Med (SWE) 13 118 95 77 112 85 92 ¥ 102
(£71/£12) (£70/£13) (£66/+3) (£66/£7) (+80/+5) (£79/+7) (£89/+5) (+38/+4)
North West Med (NWM) 11 116 94 78 109 85 89 ¥ 115
(+84/:6) (£79/+6) (£59/+9) (£57/+2) (£71/+8) (+63/6) (£73/7) (+67/8)
Tyrrhenian (TYR) 88 92 92 82 91 84 85 * 90
(+£66/+5) (£63/+5) (+63/+3) (£63/+6) (+63/5) (£70/+10) (+£76/+8) (+35/+7)
lonian (ION) 74 77 81 79 94 94 97 27-153" 79
(£61/£3) (£58/+4) (£59/+5) (£61/+6) (£72/+4) (£76/+4) (+80/+6) (£23/+2)
Levantine (LEV) 73 76 91 95 92 91 88 97% 72
(£61/+6) (£61/£5) (£76/+4) (£83/£3) (£72/+6) (£74/+8) (£71/£11) 36-158" (£21/+2)




Mediterranean Sea NPP (97-00)
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2mT dilferences [degC) (A1B-XXc) - SXG-INGV cimate model

b 05 ; o5 1 (Gualdi et al., 2009)

Winter:  Temperature at 2m
Exibits changes below 1°C
Summer: Temperature at 2m
can exceed 2 °C

Limited relative variations in NPP:
Convection areas, E.Med less productive
Algerian Basin, lonian Sea more productive
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- SCENARIOS definition (by researchers, local stakeholders

and policy makers)

Model tools: Integrated Ecological Socio-Economic

Model

exploring the sensitivity of the system to:
Changes in biological parameters (density, mortality rate)
-Changes in economic parameters (costs, investments)
- Changes in coastal planning (Size and location of the
areas under concession)

- Changing Climate Scenarios



Effects of changes in precipitation patterns on clam aquaculture |oGs
Clima-dpsir

Aim: assessing the potential impact
of changes on seasonal
precipitation patterns on the
biogeochemistry and - in turn- on
clam aquaculture in the lagoon of
Venice

Cossarini et al., 2008, Salon et al., 2008, Solidoro et al., 20009,

Melaku Canu et al., 2009 under rev.



Application to the Venice Lagoon

~ 3x10% m3 day!

<i>3 inlets: ~ 3.85x108 m3 day! of water (1/3

vol) are exchanged through the inlets with
the sea.

6000 tN/y 250tP/y Residence time 3 days
(1-25 days)

Open system, highly
productive, with strong
antropogehinc Impacts
Adriatic Sea

Artisanal fishery &

Mechanical clam harvesting
\ T A

o e
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Downscaling GLOBAL effect to LOCAL scale

boundary boundary

conditions conditions

[3] biogeochemical model of the lagoon of Venice
(TDM)

~

[4] scenarios analysis
RF: reference scenario [1961-1990]
A2, B2 future scenarios [2071-2100]




Downscaling and linking

[3] biogeochemical model of the lagoon of Venice

G Plankton
productivity

/ |—T4a] Food [4b] Hab [4c] clam
/ web model || suit model | | bioenerg model




[3] TDM Trophic Diffusive Model

AIR Solar
radiation Thermal

-’; exchange
S ime step
e
LAGOON
\ U temper. Transport model

Zoo|—| Phyto

turbulent diffusion formulation
parametrises the tidal mixing
(inhomogeneous and
anisotropic eddy tensors)

Detritus || NOx

ClP|N

Biogeochemical model
12 state variables
28 parameters

Boundaries:

Air-water interface

Heat fluxes

Exchanges through lagoon inlets

Dejak et al.,1998; .. Solidoro et al., 2005 EcolMod Nutrients loads







Scenarios of the Venice Lagoon biogeochemical processes




Scenarios of the Venice Lagoon biogeochemical processes

2% 0% 2%
-2% 1% -1% 1%
3% 1%
0% 2% 0% 3%
3% 5% 0%
-3% 0% -11%
1% 2% 0% 2%

| W

<-10% -10%<x<-5% -5%<x<-1% -1%<x<1% 1%<x<5%







Focus on Manila clam for its economic importance

RFp35 - Tapes biomass
after 12 months

Bioenel:getic clam model

Bl o e s e v —

ongth or density

seeding specimen in controlled
areas (areas defined for
extensive clam aquaculture)

Fig. 4. Schematic description of the coupling among growth model, demographic model d exviroamental conditions.

Demographic clam model  solidoro et al 2000, 2003 Pastres et al 2001



Comparison REF /A2 scenarios
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