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: Top 10 Blue Economy Trends in 2024
* The worldwide ocean

economy Is valued at around [ Y——i i ——
$1.5 trillion per year, o
equivalent to the seventh

largest economy In the world.

* The worldwide ocean
economy Is set to double by
2030 to $3 trillion.

-
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Startups & emerging companies analyzed
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The Oceans- Currently a huge carbon sponge
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e | - fossil fuel and cement from energy statistics
land use change from data and models
* residual land sink
measured atmospheric growth rate
-oc:aan sink from data and models
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_| * The oceans take up emissions

] at a rate of about 2 GtC/yr so
have absorbed 500 Gt from a
total 1300 Gt
emissions...currently

e 20kyrs ago, when mammoths

emissions

partitioning

Annual anthropogenic CO, emissions
and partitioning (PgC yr ")
o

5~ — roamed the planet the oceans
stored an additional 900 GtC
I e All for free (in the context of C
10 — =

|V markets)
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The Power of the Plankton
Base of- ecosystem productlwty
and 50- 80% of global blodl\fersny :

. . Planktoh are senflnels of change

L, O- 12 PgClyr - =

factory Eiffel Tower Manhattan

Flnkel AR Bearda’l FIynn K.J., Quigg, A., Rees, T.AV.-and Raven, J.A., 2010. Phytoplankton in
changing world cell size and elemental st0|ch|ometry Journal ofp/ankton research 32(1),
pp.119- 137. ;



The Oceans- a huge sponge of heat ~ 90% of our global warming
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Daily sea surface temperature for 60°S-60°N
Data: ERAS 1979-2024 « Credit: C3S/ECMWF
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The altered Marine
Environment

* Elevated CO2 (fertilization)

* pH- acidification

* Nutrients-stratification

* Oxygen-deoxygenation

* Temperature (P:R) (bleaching)

* Pollutants (including N2,
plastics)

e Seasonal Change (mistimings:
light and temperature)

Global mean sea level (mm)
|

0-700-m ocean heat content (1022 ))

Sea-surface temperature (°C)

0.6 8.2 A T T 900
[ ———————
- \ gy
04 T 800
Y81t
3 . - 700
02 £ 3 .
T gol c y =
g 80 - . - 600 &
1] . .' o
00 & i o £
E t v 500 2
779 R E|
-02}f 5 .
* - 400
3 /
= 78 .
04 § .
s . 300
—06l 7.7 e ! ! %1200
1000 1800 1900 2000 2100
Year
e World population
20 e |).S. coastal |3|._1|:|u!at on 10
= Anthropogenic nitrogen fixation
b North American marine dq
biological invasions
Global marine wild fish harvest
—&®— Cumulative seagrass loss 18
151 —@— Cumulative Caribbean coral
cover loss 17
w Cumulative mangrove loss
2 Cumulative global hypoxic zones 16
_E —@8— Global mariculture production
(%)
w 10 -5
2
5
= 4
e
-3
05|
' 2
of
=1
1 ! 0
1800 1850 1900

abueyp aanejay



CO, [ppm]
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6"C & 6'%0 (%o, V-PDB)
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PETM: 55800000yrs ago
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The Paleocene-Eocene Thermal Maximum on Shatsky Rise

Bralower et al. (2002)

3000 PgC over 5000 years (0.6 PgC/yr or
2.4 GtCO,/yr) emissions of CO,

5-8 °Crise of global temperature

Dissolved CaCO, in ocean sediments
(acidification),

Ocean Deoxygenation

Increased weathering, increased Corg
burial

Timescale of recovery ~1-200000 years



o, ~0.2 PgC/yr

!

Weathering of silicate rocks
~0.2 PgC/yr
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LONG TERM CO, CYCLE

volcanoes

continental crust
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“mantle ‘
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* Do the kinetics work?
* Can the sequestered
C be measured?
 What are the
unintended benefits?
CARBON DIOXIDE REMOVAL OPTIONS And consequences?
DIRECT AIR CAPTURE ' BIOENERGY WITH CARBON AFFORESTATION BIOCHAR ENHANCED ° What IS the

. . : carbon/resource

footprint of the
technique itself?

1 1 @ Vi o sl I S * Who/What drives the
H - C market?




Temperature (in C)
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Ocean Carbon and Tipping Points
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Daily Global 5km Satellite Coral Bleaching Heat Stress Alert Area
(Version 3.1, released August 1, 2018)

NOAA Coral Reef Watch Daily 5km Bleaching Alert Area 7-day Maximum (v3.1) 13 Feb 2024
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Three new levels added by US Coral Reef
Watch after ‘extreme’ unprecedented heat,
with highest alert warning of ‘near
complete mortality’

Graham Readfearn

¥ @readfearn
Wed 31 Jan 2024 14.00 GMT




T tipping points of Photosynthesis versus Respiration (and C sink)
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Barton et al., 2020
How close are we to the temperature tipping point

of the terrestrial biosphere?

Katharyn A. Duffy'-2*, Christopher R. Schwalm??3, Vickery L. Arcus?, George W. Koch?,
Liyin L. Liang®®, Louis A. Schipper®

2
—— C, photosynthesis
C, photosynthesis
1.5} —— Total ecosystem respiration

°C

Normalized temperature response

-15

MAD: Move Adapt or Die
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10 fossil fuel and cement from energy statistics
land use change from data and models

residual land sink
measured atmospheric growth rate

§ 5 Il ocean sik from data and models ]
5 ]
e -
8g emissions
§§ 0
2
£E
s2
T ®
2
S <

e e b b b

1800 1850 1900 1950 2000

Year

jimentary organic C weathering
ng of silicate rocks







Bung the CO, back where it came from.....

Geological Storage Options for CO,
1 Depleted oil and gas reservoirs

2 Use of CO, in enhanced oil recovery

3 Deep unused saline water-saturated reservoir rocks
4 Deep unmineable coal seams

5 Use of CO, in enhanced coal bed methane recovery
6 Other suggested options (basalts, oil shales, cavities)




ORGANISMS |
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Integrated, multi-
Circular & durable output production chains
product design (e.g. Biorefineries)

Sustainable - Bioenergy
CO i biomass Use of residues & biofuels ‘ &
2 sourcing & wastes

Bio-based products,

. . . BB food & feed
...... and circularize reyding T8 "'

the economy....

Circular
bioeconomy

Energy recovery & Cornpos__,. E
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Data SI10, NOAA, U.S. Navy, NGA GEBCO
© 2011 Europa Technologies
.. ©2011Google
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Google Ocean (real time who is living in each pixel
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Data SIO, NOAA, U.S. Navy, NGA, GEBCO ( 1 =Y
© 2011 Europa Technologies ©2010 0081\,

©:2011 Google

Eye alt 7567.76 mi ()

Other search engines are available....




Geegcle@cean

* To introduce the world to the ocean
* Driver to map the diversity of the ocean comprehensively

* Invaluable data for plankton as monitors of climate and tipping
points- the sentinels of the ocean

* Invaluable data for fisheries and macrofaunal conservation
 Baseline and disturbance data for all marine use

» Carbon/Biodiversity credits

o€
! N




A plankton sensor (low cost/low power)

- We monitor the chlorophyll a fluorescence signal of living phytoplankton cells, and measure the
decay of this signal in response to electrochemically driven oxidative stress

Current (uA)

(a) (b) 0 50 100 150 G. oceanica
1.001 ! .
/g Example: P. globosa
o Mean tso= 7.2s (SD * 0.3)
\_‘3 S. trochoidea
~ 0.751
: 9
Light source input =
- Dichroic mirror _I..
I : 4 ] =
2 | ) T RS B | PR e | PEmneen e - = . .
goe T. weissflogi Applying a potential to
Excitation filter &
£ ' seawater sample does two
5 0251 . thingS:
8 E. huxleyi
Objective '(—% .
E . .
Sample inlet £ 000 * H*ions generated, creating
Glass coverslip Z

—

3D printed cell
chamber

e acidic conditions = dissolution of CaCOj,

| 10
Time (seconds)

0 5 15 20

Example: Chlorophyll a fluorescence decay following onset of electrode potential

Phytoplankton

— * Oxygen radicals (or reactive
oxygen species) are created
(e.g. hydroxyl radicals, OH)

Electrode

Taken from Barton et al., 2023, Limnology and Oceanography: Methods
= oxidative destruction of Chlorophyll a
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The value of plankton to the UK

 The UK has stewardship of around 7 665 586
km? of neighbouring sea bed including OTCD

» UK’s exclusive economic zone (EEZ) the fifth
largest in the world

« 2% of the world’s ocean surface (Pro rata
component of the Bio Pump admittedly
Imperfect: 100-240 MtC/yr (£7.4-17.8 billion)

 Biotech resources of the plankton are
currently underexplored

100

80

ETS prices in €/tC0O2

— EU-ETS
Mew Zealand
Kazakhstan
South Korea
Switzerland
RGGI (USA)
California
Quebec

=== Ontario
China max
China min

R varsion 4.3.0 (2023-04-21 ucrt)



CDR method

Implementation
option

Earth system

Storage
medium

Bio-based

products

S .| land-based Ocean-based Seacheraal sessienga ||| Devadesto Centuriesto
EVdl PrIcesS: biological biological e e o centuries millennia
Afforestation, \( Bioenergy with | Peatland Octan »
reforestation, Soil carbon Biochar carbon capture Enhanced and coastal ‘Blue alkalini Ocean
improved forest sequestration and storage weathering wetland carbon’ e tyent fertilisation
management (BECCS) restoration ||
' |
Agricultural Cropping and forestry i Silicate | ’ i ’ ‘ Carbonate I Iron
Agratorestiy ’ practices residues ’ Soligsorbent \ rocks fepetting | rocks fertilisation |
. r / ,
Tree planting, Pasture Urban and industrial organic ’ . ’ ’ 5 N&P
iqui Revegetation Silicate rocks
silviculture ‘ management waste ‘ Liguigzoivent ‘ & fertilisation
Timberin Purpose-grown biomass Enhanced
construction crops upwelling




What should we do? With all our CO,?
Bung it in the ground or p’rhaps the deep blue?

,,\

In all of our waste, CO, and ....



- CPR samples
e Nucleic acids extracted

The CPR Survey - since 1931 Satellites Since 1978

Remote
Sensor \&

45° - 5 3
> W 30 w 15 W %l

* Need integration of different methods (and new technologies)
to capture biodiversity of the communities, to quantify
abundance of different phytoplankton species/functional
groups and their impact on flux of carbon



Coral bleaching....but some hope...

= OPEN
B 8 TA | FEATURE ARTICLE ©@®
-E E | | %Ikdﬂi_% . .
S, | Midway Global biogeography of coral recruitment:
€5 | tropical decline and subtropical increase
09 2-
£ o Solitary Islands N. N. Price!*, S. Muko?, L. Legendre?, R. Steneck?, M. J. H. van Oppen®®,
e O7T == T Fowe Gaden Bake | R. Albright>718, P. Ang Jr.8, R. C. Carpenter®, A. P. Y. Chui®, T.-Y. Fan!’, R. D. Gates!!,
S5 -2- S. Harii'?, H. Kitano'?, H. Kurihara', S. Mitarai'’, J. L. Padilla-Gamino'®, K. Sakai'?,
2c Curacas | G. SuzukiV, P. J. Edmunds®
= |
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2 40- E— Solitary Islands, Australia
o2 2124m — Eilat, Israel
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w g 14 1 [ EH BN (] Flower Garden Banks, Texas USA
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0 G 100- — IS | Tahiti, French Polynesia

o 437 Bl | N [ Wet Tropics, Australia

£ 51 (| ] Bonaire

13 1 [ [ Curacao
1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

Tropicalisation of the subtropics...



Carbon versus biodiversity?
ARTICLE ®

OPEN
Offshore wind farms are projected to impact
primary production and bottom water
deoxygenation in the North Sea

Ute Daewel® '™ Naveed Akhtar® ' Nils Christiansen' & Corinna Schrum'2

Clean Energy +
Carbon Pump +
Benthic Biodiversity -



Average Global Suface Temperature

Difference to 1961-1990 (°C)
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percentage of
ntmospherse pCO, remalning
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Silica supply from circulation of

Temperature and division rate
subpolar gyre

Wood, Hall and Rickaby, unpublished
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i) PETM extinctions benthic forams and polward range shifts in dinos,
mammals, reptiles, plants and high community turnover

M Ove/ Ad d pt or D IS i) >40C cooler EO boundary, extinction many European terrestrial

( MAD) mammals and globally marine invertebrates
iii)Late Mio cooling, thermophilous plants shifted southwards and finally

went extinct

iv) More than half of cool temperature 301 PEoOL M Pi Fle Aot )
Euroepan tree genera did not survive S T

glacial cycles starting end Pliocene e 23° [
v) An adaptive mutation of E ®

heamoglobin enabled mammoths to 'E 201 i
tolerate v low Ts at high latitude o

vi) More than 70& megafauna in the E 151 nep2s [
Americas and Australia and 40% in i

Eurasia underwent extinction (5-10 ka) 10+ i

but climate or human? 66 10 1 i 102 107 2000 2100
vii) Plants in N. America migrated

northwards between 450 and 2200 km
in <10kyrs under a warming of 50C Trends in Ecology & Evolution

Millions of years BP Year

Fgure |. Future Climate Forcing will Sunpass those of the Previous Several Milion Years [2]. Abbreviations:
Eo, Bocana, Hol Hoocana, Mi, Mioccana, O, Oligocana, P, Palaaocana, P, Piocana, Pla, Plaistocana.



CO, (acid) + CO;* (alkali) + H,0 = 2HCO;

 — =

1
~~—~ _ 0.1
o)
8 pH-range
= today
g 0.01 A
e
8. Expected
o change
0- 0.001 | 1 L 1
4 5 6 7 8 9 10 11
acidic pH basic
CO, used for CO,° used for calcification

photosynthesis (CaCoO,)



CO, Fertilisation

AGPP (%)

nature climate change

Article https:/jdoi.org/10.1038/s41558-023-0

A constrainton historicgrowthinglobal
photosynthesis duetorising CO,

10 — TRENDY model ensemble
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Evidence for changes in carbon isotopic fractionation
by phytoplankton between 1960 and 2010

J. N. Ynung,"z J. Bmggeman,' R. E. M. chkaby,' J. Erez,® and M. Conte*



Ocean Acidification

Calcite/POC

Reduced calcification

of marine plankton in response
to increased atmospheric GO,

UIf Riebesell *, Ingrid Zondervan*, Bjom Rost, Philippe D. Tortell,

Richard E. Zeebe*: & Francois M. M. Morel
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Lower calcification...........7
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Phytoplankton Calcification in a
High-C0O, World

M. Debora Iglesias-Rodriguez,1* Paul R. Halloran,?* Rosalind E. M. Riu:kabg.r,2
lan R. Hall,® Elena Colmenero-Hidalgo,?t John R. Gittins,* Darryl R. H. Green,*
Toby Tg.rrrell,1 Samantha ]. Gibbs,! Peter von Dassow,® Eric Rehm,’

E. Virginia Armbrust,® Karin P. Boessenkool®

pCO, (p.p.m.v.)



Declining Coral Calcification
on the Great Barrier Reef

Glenn De'ath,* Janice M. Lough, Katharina E. Fabridius

Calcification

Calcification

De’Ath et al., 2009
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Reversal of ocean acidification enhances net coral
reef calcification

Rebecca A_lbright]. Lilian Caldeira', Jessica Hosfelt?, Lester Kwiatkowski', Jana K. Maclaren™?, Benjamin M. Mason®,
Yana Nebuchina', Aaron Ninokawa?, Julia Pongratz"#, Katharine L. Ricke"®, Tanya Rivlin”¥, Kenneth Schneider"?,
Marine Sesboiié!, Kathryn Shamberger'®", Jacob Silverman®?, Kennedy Wolfe'?, Kai Zhu'*** & Ken Caldeira
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Ocean Deoxygenation

During the past 50 years, the area of low axygan water in the open occean
has increased by 4.5 milion km?.! The world's oceans are now losing
approximately 1 gigaten of oxygen ecch year (Keeling and Garcia 2002).

The Balfic Sea has the largest coastal water hypaoxic zone. In
2011 the area of water with dissolved oxygen
concentratons <2 mg L' was nearly 80,000 km?, (Carstenser

@ Hypoxic areas -

[l
0.07 19mg 0,

The Millennium Ecosysiem
Assessment released by the
United Nationsin 2005 reporied
that the supply of nitrogen-
containing compounds input to
the world's oceans grew by 80%
from 1860 to 1990. For individual
coastal water bodies the
increase has been as high as
100 fold or more.
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et al. 2014).

Over 500 coastal water
bodies now report dissolved
oxygen concentrations
below 22 mg L' (Diaz and
Rosenberg 2008 and Diaz
unpublished update).
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4 low oxygen

cause massive | J U {
fish kilk but also _.,_/‘

brings nutient- .-t o
rich waters to R F
the surface to
fuel fishenes'
production. e
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Deoxygenation alters the goods and services delivered by marine ecosystems

to humans. Services reduced can include food production through L 3
ond aquacuiture, climate regulation, nutrient cycling and resilience DeCllnlng Oxy gen n the gIObal ocea
and coastal waters

Denise Breitbureg,® Lisa A. Levin, Andreas Oschlies, Marilaure Grégoire,

'The estimateis for 200 m - g slighty shdlower depth than shown on ths map,



Observable trends

Table 1 | Oxygen content and change per basin

Volume as
Oxygen Change as percentage
Oxygen change percentage of global
content (Tmol per of global ocean
Basin (Pmol) decade) change volume
Arctic Ocean 4.7+0.2 —73+30 7.6+3.1 1.2
North Atlantic 26.9+0.1 -9+19 0.9+1.9 85
Equatorial Atlantic 15.94+0.0 —72+20 /7.5+2.1 5.7
South Atlantic 22.4+0.1 —-119+27 124428 7.8
North Pacific 24.5+0.1 —1734+40 180+4.2 163
Equatorial Pacific 255104 —210+125 219+130 163
South Pacific 33.1+£0.1 —71+37 74+39 143
Equatorial Indian 10.7+0.1 —-55+49 5.7+5.1 6.6
Ocean
South Indian 26.1+0.1 —-27+34 28+35 102
Ocean
Southern Ocean 37.6+0.1 —152+47 1568+49 13.1
Total 227.44+1.1 —-9611+429 100 100

Trends that are more significant than two standard errors are marked in light grey. See Extended
Data Table 1 for an extended version of this table.
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Climate-driven trends in contemporary
ocean productivity

Michael J. Behrenfeld', Robert T. O'Malley', David A. Siegel®, Charles R. McClain*, Jorge L. Sarmiento,

Gene C. Feldman®, Allen J. Milligan®, Paul G. Falkowski®, Ricardo M. Letelier* & Emmanuel S. Boss’



Marine Heatwaves
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Marine heatwaves threaten global biodiversity
and the provision of ecosystem services
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Misumenops

Reticulitermes
A asperatus
flavipes (19°0)

(15°C)

Uca mordax

Sphoeroides

maculatus Pseudopleuronectes

americanus
(7°0)

Terrestrial

Annualrange A53°C A16°C
Dailyrange A 14°C A1°C
Expected warming  +1.1-44°C  +1.0-3.0°C
by 2100

Wider Thermal safety margin = - » Thinner
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R Rateofextipationattrailingrangeedges ) Faster
Slower ) Faster

gure 6

comparative view of climate change vulnerability from terrestrial to marine ecosystems. Representative species are shown with th
srmal safety margins. The thermal safety margin is a relative (not absolute) proxy for the amount of warming an organism can
eerate. Lower annual and daily temperature variation in the ocean has left many marine species less evolutionarily conditioned to «
th climate warming, which is reflected in narrower safety margins. These vulnerabilites are exacerbated by reduced access to the
fuges in the ocean. The numbers at the bottom show the average annual and daily range of temperatures from local monitoring
tions, as well as the expected warming by 2100. The examples here are drawn from the east coast of North America, including
:ather stations and oceanographic buoys in South Carolina. Illustration by N.R. Fuller of Sayo-Art LLC.



Temperature effects at the level of the enzyme/cell

a

In(k)

Production rate

b Enzyme kinetics and the transition state
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Temperature dependence of Michaelis-Menten kinetics

Arrhenius law
k — AﬂE_Ea"rkBT
Reaction
rate (k)
kg = Boltzmann constant
~
Slope
E, 1
In{k)ee — =2 —
Mo T
1T
—
Increasing temperature
[E] [S]
“Ckw+[S]  a0°C
30°C
E; decreasing
A —e

Substrate concentration, [5]

A
> g =
o L=
o M
m 1)
o .g Activation energy
s ¢ is reduced at low
5 concentrations
> 2
= o

cat K
% ELt _ [Xm

Substrate concentration, In[[g]}

In( k)

Enzymes reduce the Activation energy of
a reaction for biological temperatures and
so enhance the rate

Temperature speeds up the rate of the
reaction and provides more thermal
energy

But enzymes have thermal limits: the rate
is catalyzed to an optima until the enzyme
loses structure/denatures

Membrane fluidity is also strongly T-
dependent



Annual Review of Biophysics
The Effects of Temperature on
Cellular Physiology

1,2,3.4

Benjamin D. Knapp! and Kerwyn Casey Huang
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Figure 2

Cellular growth rates obey species-specific Arrhenius laws. (@) Growth rates of Escherichia coli in rich medium were measured at various
temperatures (/eft). An Arrhenius plot [log(growth rate) versus 1/7] reveals a range of temperatures (20-37°C) over which the data are
approximately linear, a so-called Arrhenius range (right). Temperatures above and below the Arrhenius range produce a heat- and
cold-shock response, respectively. Data from Reference 54. (#) Bacterial and eukaryotic species possess Arrhenius ranges (dotted boxes)



Coral bleaching....but some hope...
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Climate Change at the level of the
organism/ecosystem

* Latitudinal Migration
* Ecosystem Restructure
* Phenological mismatch



Organismal responses to single and multiple drivers

Organism Impacts
realized through Niches

The response curve for one driver can
depend on other drivers (e.g. T and pH)

(b)

Impacts of multiple drivers can be additive,

synertistic, or ntagonistic ie cumulative
. 8
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Southern Ocean fronts: STF  SAF
Latitude: 45°S 48°S

Latitudinal Shifts

* Help species maintain their

niche

e But unless other
dependent/ant species
move concurrently leads to
changes in ecosystem
structure

e Can run out of thermal room
(either poleward, with
depth or with altitude)
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Poleward expansion of the
coccolithophore Emilamia huxley:

AMOS WINTER!*, TORIINTIE HENDERIKS?, LUC BEAUFORT?, ROSALIND E. M. RICKABY* AND CHRISTOPHER W.

Current Biology

Climate Change Drives Poleward Increases and
Equatorward Declines in Marine Species

range of species. Our results show that abundance
increases have been most prominent where sam-
pling has taken place at the poleward side of species
ranges, and abundance declines have been most
prominent where sampling has taken place at the
equatorward side of species ranges. These data pro-
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Phenology mismatch

Climate change: Seasonal
shifts causing 'chaos' for UK

nature

(® 27 December 2023

Climate

Changing seasons are affecting the reproductive cycle of animals like red deer

Warm temperatures have prompted some
shrubs to come into bloom early, making
them susceptible to sudden cold snaps -
affecting pollinators, and the birds that feed
on their seeds (and Ros’ pear tree).

The UK's most iconic tree, the oak, could be
particularly hard hit ....Cold snaps are getting
shorter- often doesn't leave enough time to
kill off diseases.

-the oak processionary moth, which has been
steadily migrating northwards, whose
caterpillars infest oak trees, thrive in these
shorter cold spells making the oaks more
vulnerable to attack from other parasites,...

Warmer winters also impact heathlands
allowing the heather beetle to kill off huge
areas of heather. Animals which hibernate,
like dormice, are especially threatened. They
emerge from their winter sleep earlier and
can quickly use up their vital remaining stores
of energy.
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Impact on Humans

* Disease

Nurmber of daily deaths

Fire

Sealevel rise
(displacement)

Food/Agriculture
Heat Stress

— 2005 distribution
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2005 annual temperature range More heat-
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Health effects

Erwironmental
effects

Extreme weather

Thermal stress: deaths, illness
Injury/death from floods, storms,
cyclones, bushfires

Effect of these events on food yields
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frequency
*SEVETITY

~geography

Microbial proliferation:
Food poisoning—Salmonella spp,
etc; unsafe drinking water

Effects on ecosystems:
(land and sea), andon [

particular species

Changes in vector-pathogen-
host relations and in infectious

disease geography/seasonality—eqg,
malaria, dengue, tickborne viral

disease, schistosomiasis

Sea-level rise:
salination of coastal land
and freshwater: storm

SUrges

Impaired crop, livestock and
fisheries yields, leading to impaired
nutrition, health, survival

Ervironmental
degradation:

land, coastal ecosystems,
fisheries

Loss of livelihoods, displacement,

leading to poverty and adverse
health: mental health, infectious
diseases, malnutrition, physical
risks




Human Interventions: Unintended Consequences
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