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ABSTRACT

Globa warming happens when greenhouse gases (carbon dioxide, nitrous
oxide, and methane) trap heat and light from the sun in the earth’s atmo-
sphere and the temperature rises. On a very hot day, the car gets hotter
when it isout in the parking lot because the heat and light from the sun can
get into the car, by going through the windows, but it can’t get back out.
Thisiswhat the greenhouse effect doesto the earth. The heat and light can
get through the atmosphere, but it can’t get out. As a result, the tempera-
ture rises. The greenhouse effect makes the earth unusually warmer, and
many plants, animals, and peoplewill die. Whether it be the cropswe grow,
thelivestock weraise, or thewild plants and animal sthat we harvest, every
organism that we rely on as afood source depends on a unique confluence
of climatic conditionsthat determinewhether it will merely survive, deterio-
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rate, or flourish.

INTRODUCTION

For thousandsof years, factorsresponsiblefor caus-
ing globa warming hastended to changeonly dowly or
infrequently. Encouraged by this predictability, people
havebeen abletobuild cvilizationsaround specificfood
sources. Over time, their sustained and focused atten-
tion hasled to the great advancesin the science and
technol ogy of food production that alow humanity to
sustain arapidly growing popul ation. Now, however,
that progress may be coming undone. The accumula-
tion of greenhouse gassesthreatensto simultaneoudly,
and inunpredictable and potentialy dramaticways, d-
ter nearly every variablewith an input into the grand
equationthat isour food production systemi¥. Itisnearly
impossibleto predict, on alarge scale, just how our
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agriculture, livestock, and fisherieswill respond to the
new climate conditionswe have crested for ourselves.
However, by ingpecting thefollowing individud effects,
aclearer picture may begin to emerge. So the Chal-
lengeswe havein producing food on our warming planet
ae

EFFECTSOF ENHANCED CO,ON CROP
GROWTH

Higher concentrations of atmospheric carbon di-
oxideallow plantsto grow faster and larger. From a
food production standpoint, thisisgenerally good news.
Yields shouldincrease, lessfertilizer may be needed,
and faster growing crops can be devel oped. However,
if the CO, concentration increases morethe effects of
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carbondioxidefertilizationwill not provebeneficid. For
ingtance, themagnitudeof the CO, fertilization effect is
different for different typesof plant species. Plantsgrow-
ing under heightened CO, conditions can exhibit ab-
normal characteristicswith regard to theway they ab-
sorb and process nutrients. Also, CO, fertilization can
sometimes cause plantsto speed through the growth
phaseinwhichthey generatetheir harvestablegrains,
fruitsor vegetable matter. Asaresult, fildsfilled with
more outright biomass may, at the sametime, produce
diminished and lessnutritious harvests.

ALTERATIONSTOHYDROLOGY

Agricultureof any kindisstrongly influenced by the
availability of water. Climate changewill modify rain-
fal, evaporation, runoff, and soil moisturestorage. The
occurrenceof moisturestressduring flowering, pollina-
tion, and grain-fillingisharmful to most of the crops.
Increased evaporation from the soil and accel erated
transpirationintheplantsthemsaveswill causemois-
ture stress; asaresult therewill be aneed to develop
crop varietieswith greater drought tolerance. Areasthat
currently derivewater from melting glaciersand snow-
pack arelikely to see some drametic changesaswell™.
Himalayan glaciers, for instance, which now provide
the mg ority of non monsoon water flow for some of
Asa’s most important agricultural regions, are in dan-
ger of shrinking or even disappearing completely asa
result of globa warming. Low water availability and
abnormally timed flowsdisrupt morethan agricultura
irrigation. They candisrupt and devastatefisheries(such
assamon) that rely on freshwater riversfor spawning.

RISINGAVERAGE TEMPERATURE AND
SHIFTINGHABITAT RANGES

Asgloba warmingincreasesthebasdinetempera-
tureat most locationson our planet, organiSmsor popu-
lationsarefreeto moveinorder toremainintheir ideal
temperature range. Somefood producers, especialy
those at higher | atitudes and atitudes, may welcome
the opportunity to grow, raise, and harvest plantsand
animasinareasformerly too cool for that activity. Those
intemperate climatezoneswill beforced to adopt new
practi cesbetter suited toamoretropica environement.
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Still others, especially thosein the newly superheated
tropics, will face an unprecedented climate zone, for
which no food producing species have had time to
evolve. Onthewhole, this phenomenon of range shift-
ing can posearea danger to fisheries, livestock, and
agriculture. It may push populationsinto new areasfor
which they are otherwise poorly adapted. Global
biodiversity will dwindleassomehigh dtitudeand po-
lar climatessimply ceaseto exist. Some specieswill
shift morereadily and quickly, whileothersmay experi-
ence almost no range shift. Intra-speciesrelationships
that have devel oped through thousands of years of co-
evolutionwill beaffected.

EXTREMEWEATHER EVENTS

Extreme meteorological events, such asspells of
high temperature, heavy storms, or droughts, disrupt
crop production. Certain varieties of cropsaregrown
near thair limitsof maximum temperaturetolerance, such
asricein Southern Asia, heat spellscan beparticularly
detrimenta. Similarly, frequent droughts not only re-
duce water supplies but al so increase the amount of
water needed for plant transpiration. As heat energy
accumul atesin our aimosphere and oceansit may pro-
duce morefrequent and powerful stormg®, which can
damage crops, kill or stresslivestock, and disrupt or
destroy both natural resourcesand necessary infrastruc-
ture.

PARASITES, DISEASES, FUNGI & OTHER
PESTS

These organisms can harm, poison, eat, or other-
wisereducetheyield of the specieswe useasfood. Al
tend to thrive and spread morerapacioudy in warmer
and morehumid climates. Thecheck of climate change
will requiretheuse of even morefungicidesand insec-
ticidesfor cropsand antibioticsinlivestock production
and aguaculture. Conditionsaremorefavorablefor the
proliferation of insect pestsin warmer climates. Altered
wind patterns may change the spread of both wind-
borne pestsand of the bacteriaand fungi that arethe
agentsof crop disease. Crop-pest interactionsmay shift
asthetiming of devel opment stagesin both hostsand
pestsisaltered. Livestock diseasesmay besimilarly
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affected. Thisbringsabout greater useof chemical pes-
ticides.

SEALEVEL RISE

Globa warmingispredicted tolead to thermal ex-
pansion of seawater, dongwith partia melting of land-
based glaciers and sea-ice, resulting in arise of sea
level. According to present estimates of the Intergov-
ernmental Panel on Climate Change (IPCC), sucha
rise could poseathresat to agricultureinlowlying coasta
areas. Low-lying coastal areasalready suffering from
poor drainage, agricultureislikely to becomeincreas-
ingly difficult to sustain. Someidand states are particu-
larly at risk!. Global warmingiscausing oceanlevels
toriseandisthereforerendering agriculturd areassuch
asfertileriver deltas, and brackish estuaries, which of -
ten serveascritical nurseriesfor commercia fish spe-
cies, increasingly susceptibleto salt water intrusion and
inundetion.

SOIL FERTILITY AND EROSION

Higher temperaturesin soil will createwarmer con-
ditionsand arelikely to speed the natural decomposi-
tion of organic matter. They a so affect fertility of sail,
so additional application of fertilizer may beneeded to
counteract these processes. Thiscan come at the cost
of environmental risk and may impact water and air
qudity. Thecontinua cycling of plant nutrients- carbon,
nitrogen, phosphorus, potassium, and sulfur-inthesoil-
plant-atmosphere systemisaso likely to acceleratein
warmer conditions, enhancing CO, and N,O green-
house gas emissions. Nitrogen is made availableto
plantsinabiologicaly usableform through theaction of
bacteriainthe soil. Inwarmer climatic conditionsand
higher CO, concentration thereisgreater root devel -
opment, if soil moistureisnot limiting®™. Contratingly if
drier soil conditions exist, suppression of both root
growth and decomposition of organic matter occurs.
Extreme preci pitation events can causeincreased solil
eroson.

OCEANACIDIFICATION

Atmospheric carbon dioxide hasalwaysnaturdly

dissolved into our oceans. Now, however, therate at
whichthisishappeningisincreasing and, asaresult, the
ocean isbecoming more acidic®. Under these condi-
tionsitismoredifficult for seacreaturesto develop and
maintain their calcium based shellsand exoskeletons.
Asaresult, populationsof certain specieswill experi-
encestressand could eventually even collapse™. The
oceansare affected by global warmingin other ways,
aswell. Onething that is happening iswarm water,
caused from globa warmingisharmingandkilling al-
gaeintheocean. Thefloating green algaeisfood to
many consumersin the ocean. Fewer agaeisaprob-
lem becausethereislessfood for usand many animas
inthesea.

ADAPTATION

Inthefaceof these chalenges, peopleintheworld
must begin to make critical adaptationsto our global
food production system. Somekey areasinclude:

FORECASTING OF CLIMATE CHANGE

Itisimportant to understand global climatictrends
and forecasting of wegther can beusedin order to pre-
parefor the coming changes. The accomplishment of
thistask will requirepoliciesandinvestmentsrelated to
climate change and weather®.

Multidisciplinary response programme should be
ingtituted to understand about upcoming conditions. F-
nancial expertsand policy makersneed to make sure
that food producers havethe ability to make changes
accordingly.

GENETICADAPTATION

Once future conditions can be forecasted, scien-
tistscan beginwith breeding or genetically engineering
processtoimprovethefood characteristicssourcesand
makethem better suited to their environment. Through
the use of advanced technol ogy, we can now implant
(even from compl etely different species) the genetic
code associated with adesirable genotypedirectly into
afood specied®. Specia attention must also begiven
to preserving awideand diverse genepool against the
threatsto biodiversity.
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ADIVERSIFIED,ADAPTABLE,AND GLO-
BAL FOOD ECONOMY

In almost every way, the expected distribution of
positiveand negative climate changeeffectshastheap-
pearance of being unfair. As we have seen, climate
change, may produce positive aswell asnegative ef-
fects. However, these effectsare not equally distrib-
uted. Thepreponderance of thosebeneficid effectswill
occur in higher latitudes, mostly in well-developed
Northern Hemisphere countries. By contrast, equato-
rid regions, populated by lessdevel oped countriesalso
areresponsiblefor asmall percentageof historic green-
house gas emissions, are the most likely to bear the
burden of the negative effects of climate change.

Inany instance wherefood is made scarce or pro-
hibitively expensive, or wherethereissome perceived
injudticeat play, problemslikepoliticd ingability, forced
migrations, widespread hedlth emergencies, collapsed
markets, and war can quickly follow. To head off these
typesof scenarios, theinternational community must
hel p toform responsive governments, aninformed and
interlinked scientific community. Theseimprovements
arerequired in any region that hopesto successfully
copewith climatechange.

REDUCING OUR FOOD’S IMPACT ON
CLIMATE CHANGE

Our food production system producessizableemis-
sionsof three primary greenhouse gases:. carbon diox-
ide, methane, and nitrousoxide. Specificactivitiesre-
lated to growing, raising, or harvesting food that have
particularly largeimpactson global warminginclude
enteric fermentation, manure, fertilizers, deforestation
& soil disruption, and fuel consumption®. Fortunately,
there are solutions to move forward and reduce our
food’s impact on climate change.

Entericfermentation

Inthe processof digesting plant matter, bacteriain
the guts of ruminants produce and emit largeamounts
of methane gas. Some amount of mitigation may be
achieved by modifyingthediet fed to theselivestock .
Theonly realistic way to substantially mitigate these
emissionsisto cut our demand for medt.

—= Jytoriel Review
Manure

Livestock a so produce manurewhich emitsgreen-
housegassesasit decomposes. If thewasteisallowed
to degradeintheopen air, aerobic bacteriawill domi-
natethedigestionand producenitrousoxide. If theani-
ma wasteisinstead pooled or submerged inrice pad-
dies, theoxygen availableto bacteriaislimited. Here
anaerobic bacteriabreak down the material and pro-
duces methane. With theright infrastructure, themeth-
ane emitted from the anaerobic decomposition of ma
nure can be captured and used asafuel.

Fuel consumption

Fuel consumption createslarge amountsof emis-
sionsintheprocessof transporting requisiteinput ma-
terialsand food products. Oneway to mitigate these
emissionsisto discouragethe purchase of non-local,
out of season, or heavily processed and packaged foods.

Deforestation & soil disruption

Throughout theworld, forests (which act as car-
bon sinks by absorbing atmospheric CO, inthe pro-
cessof producing biomass) are being cleared, and of -
ten burnt. Inthis process, much the carbon content of
these habitats have been accumulated over hundreds
of yeard'¥. It isimportant to notethat in someareas,
thesoil itself above ground, containsahighlevel of se-
questered greenhouse gassesthat can bereleased into
theenvironment if disrupted. Themost important way
to mitigate greenhouseemissionsfrom deforestationis
to smply stop the process.

Fertilizers

Artificid fertilizersareused in massive quantities
throughout our modern globd agriculturesystem. Many
of these chemica saremanufactured fromnatura gasin
aprocessthat producesnitrousoxide. Theseemissions
can best be mitigated by using lesschemical fertilizer
overal. Oneway thisisbeing achievedisthrough the
use of better technology and agricultural sciencethat
alow for more precise application of these chemicals.
Another approachis seen in organic farming, which
eschewsindustrid fertilizersentirely'@. Thisprocess,
however, is not without its own problems, for some
techniques of organic fertilization of ricecanlead to
highleve sof nitrous oxide and methaneemissions.
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CONCLUSION

Many peopl e believed that the earth had anearly
endless capacity to absorb the burden of producing
chegp food without limit. Theredlity of climatechange
and the specter of even larger environmentd collapse
are now proving that assumption false. Thefact that
policy makersthroughout theworld arenow consider-
ing theimplementation of variousschemesto put aprice
on the emission of greenhouse gasesis proof that we
now know that it isuntenableto ssimply coast into the
futurewith sameaittitudesand technol ogiesthat worked
inthe past. However, overcoming bothinertiaand our
sense of entitlement will not be easy. Aswe movefor-
ward, we should bereminded that we can till produce
good, nutritious, satisfying food for theworld’s popula-
tionwhilea somitigating greenhousegasemissions. That
god isattainable. But we can not do so without making
seriouscommitmentsto restructuring our economic Sys-
tems, partakingin large scale collaborative effortsto
develop and implement new food technol ogies, and
adjusting our cultural assumptionsabout theroleof food
indalylife.
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