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Qüestions Clau per la Humanitat

1. Què en sabem del Canvi Climàtic? I del Canvi Global? 

2. Com hi contribuïm? Ho podem fer millor?

3. Com ens preparem pels canvis i els seus impactes?

4. Cap on hauríem d’anar per la nostra sostenibilitat?
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http://upload.wikimedia.org/wikipedia/commons/a/a8/Esquema-desenvolupament-sostenible.png


Perquè parlem d’emergència?

Cinc errors que hem d’evitar:

• la indiferència, 
• la poca percepció de la seva velocitat 
• i de la gran dimensió del seu abast,
• menys valorar la seva severitat, 
• i pensar que la ciència resoldrà tota 

l’amenaça
David Wallace-Wells. Deputy 
editor of New York magazine
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http://www.census.gov/popclock/ 4

Per quanta gent? Quants humans som?
November 13, 2020

El balanç entre 
naixements i morts. Es 

sumen i es resten 
respectivament als 

que ja hi érem.

http://www.worldometers.info/world-population/ https://www.worldometers.info/

http://www.census.gov/popclock/
http://www.worldometers.info/world-population/


Font: https://www.worldometers.info/demographics/world-demographics/#urb

El procés d'urbanització
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2020
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http://www.worldometers.info/world-population/

November 13, 2020 
World Population: 7 825 211 427
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Moderador
Notas de la presentación
The MA focused on population growth in last 50 years.  From MA Synthesis:  “Between 1960 and 2000, the demand for ecosystem services
grew significantly as world population doubled to 6 billion people ...”   This figure (not from the MA) illustrates that recent growth but in the context of the longer term trends.  Sources are listed below.  
1 billion in about 1804, 2 billion in 1927 (123 years to double), 4 billion in 1974 (54 yrs to double); 6.5 billion in July 2005.  In the last 45 years (since 1960) more people have been added to the planet (3.4 billion) than lived on the planet in 1960.

Source (1950 to 2050): Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population Prospects: The 2004 Revision and World Urbanization Prospects: The 2003 Revision, http://esa.un.org/unpp, 06 July 2005; 1:30:16 PM.	
Source (1700-1900):  Ronald Lee, “The Demographic Transition: Three Centuries of Fundamental Change”, Journal of Economics Perspectives, Volume 17, Number 4—Fall 2003—Pages 167–190.
Source (pre 1700):  Population Reference Bureau: "World population expanded to about 300 million by A.D. 1 and continued to grow at a moderate rate. But after the start of the Industrial Revolution in the 18th century, living standards rose and widespread famines and epidemics diminished in some regions. Population growth accelerated. The population climbed to about 760 million in 1750 and reached 1 billion around 1800" 	


http://www.worldometers.info/world-population/


Fases del creixement bacterià en un medi finit (recursos limitats)

1. Fase d’adaptació dels 
microorganismes a l’ús de recursos 
abundants.

2. Fase exponencial velocitat màxima de 
consum de recursos del medi. 

3. Fase estacionària del Nº de bacteris.  
S’esgota algun nutrient essencial, o els 
productes residuals de la fase 2 deixen 
un medi inhòspit (P. ex. 
contaminació). Alta competència que 
limiten el creixement.

4. Fase de mort quan es produeix una 
reducció del número de bacteris 
viables del cultiu. 
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Ull! La Salut dels humans necessita de la salut del planeta!
Cap a una sola salut

Moderador
Notas de la presentación
En un cultivo bacteriano en medio líquido, se pueden diferenciar cuatro fases en la evolución de los parámetros que miden el crecimiento microbiano:
Fase lag o de adaptación: Durante la que los microorganismos adaptan su metabolismo a las nuevas condiciones ambientales (de abundancia de nutrientes) para poder iniciar el crecimiento exponencial. 
Fase exponencial o logarítmica: en ella la velocidad de crecimiento es máxima y el tiempo de generación es mínimo. Durante esta fase las bacterias consumen los nutrientes del medio a velocidad máxima. La evolución del número de células durante esta fase se explica con el modelo matemático descrito anteriormente. Esta fase corresponde a la de infección y multiplicación dentro del organismo del agente infeccioso. 
Fase estacionaria: en ella no se incrementa el número de bacterias (ni la masa u otros parámetros del cultivo). Las células en fase estacionaria desarrollan un metabolismo diferente al de la fase de exponencial y durante ella se produce una acumulación y liberación de metabolitos secundarios que pueden tener importancia en el curso de las infecciones o intoxicaciones producidas por bacterias. Los microorganismos entran en fase estacionaria bien porque se agota algún nutriente esencial del medio, porque los productos de desecho que han liberado durante la fase de crecimiento exponencial hacen que el medio sea inhóspito para el crecimiento microbiano o por la presencia de competidores u otras células que limiten su crecimiento.
La fase estacionaria tiene gran importancia porque probablemente represente con mayor fidelidad el estado metabólico real de los microorganismos en muchos ambientes naturales.
Fase de muerte: se produce una reducción del número de bacterias viables del cultivo. 
Las fases, parámetros y cinética de crecimiento discutidas para el caso de los medios líquidos se presentan también en los sólidos. La cinética de crecimiento, en este caso, sólo se puede seguir utilizando unos sistemas de detección especiales siendo el más sencillo, la medida del número de células viables por unidad de superficie o por unidad de masa.






(Modificat/Adaptat de Margalef a  “La 
Biosfera” Vol 1, Enciclopedia Catalana) 
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L’energia 
exosomàtica, el 
CO2 i el canvi 
climàtic

Què ha passat?



Consum d'energia pels humans (W / persona)

Consum d’energia (W / persona)
0 2000 4000 6000 8000 10000 12000

Aliment (inclou refrigeració, congelació,...)
casa i intercanvi
agricultura i indústria
transport

societat tecnològica

societat industrial

societat agrícola
avançada

societat de caçadors
recol·lectors

humans primitius

societat agrícola
tradicional

93

139  93

186  186  186

278  557  325

464 3062 4280 2923

325 1485 1114 650 El consum endosomàtic (menjat 
per una persona)

entre  93 i 150 W / persona.

(Adaptat de Margalef 1993 )

10729 W / persona
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Consum 
d’energia

Importància 
creixent dels 
combustibles 
fòssils

Què ha passat?



10

Què vol dir el Canvi Global per la Biosfera? i pels humans?
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Diagnosi de la societat humana

Producció agrícola
(revolució verda)

Ocupació del territori
Fragmentació del paisatge
(desforestació, crema,..)

fertilitzants,
pesticides,

irrigació

aigua,
ciment, metalls, 

minerals

Artefactes exosomàtics
(eines, maquinària, ciutats, 

vies de comunicació)

Ús d’Energia 
Exosomàtica

(~20 mW/m2)

Increment taxes de consum = creixement econòmic

Població humana
(>7700 milions)

Energia fòssil
(PPN biosfera antiga)

Tendència a un desenvolupament heterogeni, massificació 
urbana i individualització de la societat
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Escassetat aigua 
potable

i pitjor qualitat

Destrucció dels sòls
Erosió

Desertització
(territori antropitzat)

Contaminació
(insuficient ús 

d’energ. exosomàtica
per reciclar)

Increment de gasos 
hivernacle

(CO2, NOx, SOx,
CH4, NH3, CFCs)

Destrucció dels 
hàbitats:

pèrdua biodiversitat
(extincions d’espècies)

Símptoma:

Producció agrícola
(revolució verda)

Ocupació del territori
Fragmentació del paisatge
(desforestació, crema,..)

fertilitzants,
pesticides,

irrigació

aigua,
ciment, minerals

metalls

Artefactes exosomàtics
(eines, maquinària, ciutats, 

vies de comunicació)

Ús d’Energia 
Exosomàtica

(~20 mW/m2)

Increment  taxes de consum = creixement econòmic

Població humana
(>7700 milions)Energia 

fòssil

http://www.whrc.org/carbon/images/CO2_sources.jpg


Global Carbon Project 2013; Le Quere et al. 2013, ESSD; Houghton et al. 2012, Biogeosciences; van der Werf et al. 2010

9.7±0.5 PgC

0.9±0.5 PgC

1.0% y-1

3.0% y-1

36% 18% 10%

IPCC AR5 WGI,
SPM 2013

Anthropogenic 
CO2 Emissions
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Sobre les emissions provocades pels humans



Desforestació a l’Amazonia. Matto
Grosso do Norte, Brasil. Y. Arthus-
Bertrand, 1999, La Tierra desde el 
Cielo.

Desforestació

Deforestació sobretot per plantacions de 
palma (Elaeis guineensis Jacq.) a Borneo. 
Fotografía: National Geographic

Al període 2000-2007 la desforestació Tropical afectà 13 Milions ha/any
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Més de 500 Pg C  a la vegetació i als sòls vulnerable per les 
sequeres, pels canvis d’usos del sòl (desforestació), i pels incendis

Global Carbon Project 2013; Le Quere et al. 2013, ESSD 15



Figure created by Robert A. Rohde from published data.

Charles D. 
Keeling

1970 – 1979: 1.3 ppm y-1 

1980 – 1989: 1.6 ppm y1

1990 – 1999: 1.5 ppm y-1 

2000 - 2009: 1.9 ppm y-1
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Una corba famosa, l’augment de CO2

Moderador
Notas de la presentación
Charles David Keeling was affiliated with Scripps Institution of Oceanography, University of California, San Diego, from 1956 until his death in 2005. His major areas of interest included the geochemistry of carbon and oxygen and other aspects of atmospheric chemistry, with an emphasis on the carbon cycle in nature and the abundance and air sea exchange of carbon dioxide. In 1968, he was appointed professor of oceanography.
Keeling was a world leader in research on the carbon cycle and the increase of carbon dioxide (CO2) in the atmosphere, known as the greenhouse effect, which may lead to changes in the global climate. He was the first to confirm the accumulation of atmospheric CO2 by very precise measurements that produced a data set now known widely as the Keeling Curve. Prior to these investigations, it was commonly held that the oceans would readily absorb any excess CO2 from the atmosphere produced by the burning of fossil fuels and other industrial activities. He also constructed a model of the carbon cycle into which future man-made CO2 can be introduced to predict concentration levels in the air and water well into the next century.
Born in Scranton, Pennsylvania, on April 20,1928, Keeling received a B.A. degree in general liberal arts from the University of Illinois in 1948 and a Ph.D. in chemistry from Northwestern University in 1954. Keeling was a postdoctoral fellow in geochemistry at the California Institute of Technology from 1953-56. During his postdoctoral studies with Harrison Brown at Cal Tech, Keeling developed an accurate system for measuring the carbon dioxide concentration in the air which he exploited, along with a mass spectrometer made available in the laboratory of Sam Epstein, to analyze air samples collected in forests and other rural settings.  These studies led to the discovery that the CO2 concentration and isotopic composition in forest air undergo a regular daily cycle that reflects the influences of photosynthesis, respiration, and atmospheric mixing.  These studies also produced a means of detecting the isotopic composition of the respired air, using a now-classical graphical approach called a "Keeling Plot" (not to be confused with "Keeling Curve", discussed below). 
Keeling's approach to characterizing respired air lay largely untouched for many years, but recently has gained in importance as a standard tool in the field of ecosystem physiology.  Finally, Keeling's postdoctoral studies suggested that away from the influences of vegetation and urban pollution the carbon dioxide concentration was remarkably constant from place to place and over time.  This result contradicted earlier less-accurate studies which showed much greater variability.  Keeling's discovery of the "atmospheric background", was of great importance, for it motivated his subsequent climatological studies of atmospheric carbon dioxide of the earth as a whole.  By way of example, the discovery of an atmospheric background also eventually motivated global studies by other scientists of additional greenhouse gases such as methane and nitrous oxide and of ozone destroying gases such as chlorofluorocarbons.
The work for which Keeling is rightfully most famous then ensued.  In 1958 with the support of Harry Wexler of the U.S. Weather Service and Roger Revelle of Scripps, Keeling began an extensive survey of the atmospheric carbon dioxide concentration in background air, including air-borne and ship-board measurements, and measurements at Mauna Loa Observatory and other land stations- measurements which have continued to this day under his guidance.  This work was motivated by the suggestion, originally made by Svante Arrhenius, that atmospheric carbon dioxide levels might be increasing due to the burning of fossil fuels with potential consequences for global climate.  At that time, however, the suggestion was controversial, in part because it was unclear to what extent the oceans might be buffering the atmospheric CO2 increase. Within a few years of measurements, the Mauna Loa record had changed the notion of the atmospheric CO2 increase from a matter of theory to matter of fact.  This was an achievement of tremendous social and political importance, and within the scientific community stimulated the involvement of climate researchers such as Suki Manabe to quantify more precisely the impact of rising CO2 on global climate. The Mauna Loa record, or "Keeling Curve", as it is sometimes called, has become a standard icon symbolizing the impact of humans on the planet.
With dogged persistance, Keeling managed to sustain his program of atmospheric carbon dioxide measurements through time, thereby producing an extensive chemical climatology of immense value.  In the late 1970's, Keeling arranged, through a close collaboration with Willem Mook of Gronigen, to have the isotopic composition of CO2 measured regularly on his samples, as he recognized that knowing the isotopic composition would help distinguish the influences of land plants and the oceans on the CO2 trends.  His CO2 concentration records, along with the isotopic records, have formed the basis for a series of discoveries on the impacts of climate on the global carbon cycle.
One such discovery, which was already evident within a year of the first measurements at Mauna Loa, was the existence of a regular seasonal cycle in atmospheric carbon dioxide.  Keeling also showed that the cycle in CO2 concentration was accompanied by a cycle in the 13C/12C ratio, bearing the clear signature of land-plant photosynthesis and respiration he had observed earlier in forest air.  This demonstrated convincingly that the cycle was mostly caused by the seasonal cycle of growth and decay of land plants.  This cycle is now recorded at dozens of stations globally, and forms a valuable benchmark for testing our understanding of the response of land ecosystems to climate change.  Recently, for example, Keeling and co-workers have drawn attention to the fact that the amplitude and phasing of this cycle have changed significantly over the past few decades, demonstrating that spring in the Northern Hemisphere is now arriving about one week earlier than it did back in the 1960s.
Another early discovery was that the growth rate of atmospheric CO2 varied significantly from year to year.  In 1976, Bob Bacastow, working in Keeling's group, pointed out that these small interannual variations were evidently associated closely with El Nino/Southern Oscillation phenomena.  With the addition of isotopic measurements and longer records, Keeling was able to show that the El Nino related fluctuations were driven largely by interannual variations in the growth and decay of vegetation on land, with a smaller counteracting component due to the oceans.  These fluctuations thereby provide a second important test, along with the seasonal cycle, of climate response of land ecosystems, and are widely used today for model validation studies.
By the middle 1970's, the long-term CO2 growth rate was sufficiently accurately established to quantify the so-called "air-borne fraction" (sometimes called the "Keeling fraction"), that is, the fraction of the fossil-fuel emissions which remains in the atmosphere.  Combining his measurements of the growth rate of carbon dioxide with his own meticulous (and soon officially adopted) methodology for assessing the amount of emitted from fossil-fuel burning globally, he calculated an air-borne fraction of around 55%, a number which has remained quite constant over time.  This observed air-borne fraction is a critical benchmark for testing models for predicting future CO2 increases, that form, for example, the basis of standard assessments provided by the Intergovermental Panel on Climate Change.
Keelings' observations also extended throughout his career to include measurements of the carbon dioxide in seawater.  Inspired by his successful demonstration of rising CO2 concentrations in the air, he visualized the possibility of documenting also the corresponding increase in the carbon dioxide content of the upper oceans, which was expected as a response to the rising levels in the air.  Keeling participated in the first extensive surveys of the CO2 partial pressure of seawater in the 1960's, and perfected the determination of the total carbon content and alkalinity in seawater as needed to resolve long-term changes. Keeling's vision of observing the oceanic CO2 increase did not meet with the same level of success as his atmospheric observations, largely because the slow mixing of the oceans necessitates a observational program on a scale too large to be led by an individual scientist or laboratory.  Keeling nevertheless lobbied hard for the importance of such a program, which bore fruit in the recent Joint Global Ocean Flux Study (JGOFS) and the World Ocean Circulation Experiment (WOCE) carbon surveys.  Keeling's exacting seawater measurement techniques formed a benchmark for validating these more extensive programs.  Keeling was also a pioneer in the creation of oceanic time series measurements, leading the longest ongoing program of the ocean carbon parameters near at a site Bermuda - measurements which subsequently inspired the more extensive JGOFS time series begun around a decade later near Hawaii and Bermuda.
In addition to making measurements throughout his career, Keeling has also participated in important advances in the modeling of the global carbon cycle.  The first study of this sort involved a collaboration with Bert Bolin, which resulted in a classic paper on atmospheric mixing based on the patterns of variations in atmospheric carbon dioxide. In a series of papers in the early 1970's with coworkers, Keeling advanced the modeling of the global carbon cycle, these studies being the first to exploit the observed air-borne fraction to make assessments of land and ocean carbon uptake. In these papers he also broke important ground in modeling the vegetation response to carbon dioxide with the introduction of the so-called "beta factor", an approach still in use. In a series of papers in 1989, Keeling and coworkers showed how flows of carbon dioxide could be deduced using atmospheric observations combined with atmospheric transport models.  These papers were the first to point out the importance of the north-south interhemispheric gradient in carbon dioxide as a global constraint on the regional distribution of CO2 sources and sinks, and the first to point out the existence of a natural flow of carbon-dioxide through the oceans from the Northern Hemisphere to the Southern Hemisphere.  These features are at the heart of continued controversies over the magnitude of northern hemisphere carbon sinks.
While at Scripps, Keeling was a Guggenheim Fellow at the Meteorological Institute, University of Stockholm, Sweden (1961-62), and a guest professor at both the Zweites Physikalisches Institut of the University of Heidelberg, Germany (1969-70), and the Physikalisches Institut of the University of Bern, Switzerland (1979-80). He was the author of over 100 research articles and the recipient of many awards. Keeling received the 1981 Second Half Century Award of the American Meteorology Society for his fundamental and far reaching work on the measurement of atmospheric carbon dioxide. He was elected a Fellow of the American Academy of Arts and Sciences in 1986. In 1991, he received the Maurice Ewing Medal of the American Geophysical Union, and in 1993, received the Blue Planet Prize from the Science Council of Japan and the Asahi Foundation. In 1994 he was elected a member of the National Academy of Sciences. In 1997, Keeling was honored at a White House ceremony by then-Vice President Al Gore with a special achievement award "for forty years of outstanding scientific research associated with monitoring atmospheric carbon dioxide in connection with the Mauna Loa Observatory." In 2002, President George W. Bush selected Keeling to receive the National Medal of Science, the nation's highest award for lifetime achievement in scientific research. In 2005, Keeling received the Tyler Prize for Environmental Achievement, generally considered to be the world's most distinguished award in environmental science.
Dave Keeling encountered many highs and lows during his more than five decade career investigating atmospheric carbon dioxide. His autobiography Rewards and penalties of monitoring the Earth provides a candid and fascinating insight to his remarkable discovery of the natural seasonal cycles in atmospheric carbon dioxide superimposed on its increasing growth caused by the combustion of fossil fuels and land use changes.
Substantial biographical accounts have also occured in the following books: The Discovery of Global Warming by Spencer Weart, Thin Ice: Unlocking the Secrets of Climate in the World's Highest Mountains by Mark Bowen, and The Next One Hundred Years Shaping the Fate of Our Living Earth by Jonathan Weiner.




Perquè ens preocupa el CO2?
Posat en perspectiva, veurem la magnitud del canvi en pocs decennis… 
Ups!!! Sense Precedents a la història dels humans!
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8.3±0.4 PgC/yr 90%

+1.0±0.5 PgC/yr 10%
2.6±0.8 PgC/yr

28%
Calculated as the residual

of all other flux components

4.3±0.1 PgC/yr
46%

26%
2.5±0.5 PgC/yr

Fate of Anthropogenic CO2 Emissions (2002-2011 average)

Source: Le Quéré et al. 2012; Global Carbon Project 2012 18

Moderador
Notas de la presentación
Current emissions are tracking above the most intense fossil fuel emission scenario established by the IPCC Special Report on Emissions Scenarios-SRES (2000), A1FI (A1 Fossil Fuel intensive); and moving rapidly away from low stabilization scenarios, eg, 450 ppm.
Scenarios trends are averages across all models available for each scenario class.
Since this publication, global fossil fuel emissions have been revised and used in Canadell et al. 2007, PNAS. Red dots indicate the revised and updated numbers for 2005 and 2006 respectively.
When the IPCC-SRES scenarios where published the AIFI was considered an outrageous scenario which was there as a top end, and for almost 10 years we have been happy to use the B1 as a middle of the rate scenario for what it is most likely to happen. We have studied impacts, risk assesment and we have even developed policies with this scenario.
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Evolució temporal d’on venen i on van les 
emissions antropogèniques de CO2?  
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20Adapted from IPCC, 2013a.

Balanç global d’energia i la seva dissipació 

20
Sense Gasos amb efecte hivernacle la Tmitjana del planeta seria ≈ -18ºC

Moderador
Notas de la presentación
The radiative balance between incoming SWR and outgoing LWR is influenced by global climate 'drivers'. Natural fluctuations in solar
output (solar cycles) can cause changes in the energy balance (through fluctuations in the amount of incoming SWR). Human activity
results in the emission of gases and aerosols, which modifies the amount of outgoing LWR. Surface albedo (reflection coefficient) is
changed by changes in vegetation or land surface properties, snow or ice cover, and ocean colour. These changes are driven by natural
seasonal and diurnal changes (e.g. snow cover), as well as human influence.



Balanç global d’energia i la seva dissipació (W/m2) 

21Sense Gasos amb efecte hivernacle la Tmitjana del planeta seria ≈ -18ºC



IPCC WGI AR5- SPM, 27 September 2013

Canviant com fem la composició de l’atmosfera 
provoca un augment del forçat radiatiu des del 1750 

Refredament Escalfament
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IPCC AR5 WGI, SPM 2013

Conseqüències importants per 
tots els ecosistemes de la 
Biosfera inclosos els humans. 23

Principals trets dels efectes del Canvi Climàtic
Canvis ambientals a la Biosfera

Moderador
Notas de la presentación
IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 




IPCC AR5 WGI, SPM 2013

Conseqüències importants per 
tots els ecosistemes de la 
Biosfera inclosos els humans. 24

Principals trets dels efectes del Canvi Climàtic
Pertorbacions i causes d'estrès 

Moderador
Notas de la presentación
IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

Trends in the frequency (or intensity) of various climate extremes (arrow direction denotes the sign of the change) since the middle of the 20th century (except for North Atlantic storms where the period covered is from the 1970s).




This graph shows the trend over the last four 
decades towards less and less ice in the polar 
region.

The fall in Arctic sea ice. Photo credit: 
Zachary Labe/UCI The red line is 2019's 
melt. Photo credit: NSIDC 

Greenland's ice sheet is the second-largest in the world, behind 
Antarctica. If it melted, the world's oceans would rise 7m.
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Greenland's Summer Heat Breaks Records as 440 Billion Tons of Ice Expected to Disappear (By 
SETH BORENSTEIN / AP August 20, 2019 TIME)

Moderador
Notas de la presentación
Greenland's annual ice melt has started much earlier and faster than in previous years, with temperatures around 20C warmer than usual for mid-June.
Two billion tonnes of ice were lost in a single day, the Danish Meteorological Institute said, with melting taking place across almost half the world's biggest island.


https://time.com/author/associated-press/


IPCC (2013)
WGI AR5- SPM

El Clima està canviant... i té molta inèrcia. 

El zero (línia) representa estar igual 
que el promig del període 1961-1990.
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IPCC WGI AR5- SPM, 27 September 2013

El Clima està canviant... i té molta inèrcia. 
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Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2015

El futur no està escrit però per on anirem?
Els possibles camins de les emissions de CO2

28

+ Radiative Forcing 

+2.6 W/m2

+8.5 W/m2

+6.0 W/m2

+4.5 W/m2

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/


IPCC WGI AR5- SPM, 27 September 2013 29

Conseqüències importants per l’evolució del  clima



Paper clau del clima: On trobem els Biomes?

(temperatura + disponibilitat d’aigua)

Tots els ecosistemes de la Biosfera, inclosos els humans
ens trobarem fora de lloc amb un canvi climàtic tan ràpid

30



Forest Vulnerability to Changing Climate. (Repport of  Climate Change Impact in the United States. 2014 
National Climate Assessment, produced in collaboration with the U.S. Global Change Research Program). 3131



1- pest outbreaks Canada/North America, 
2- ice storm North America, 
3- drought US, 
4- heavy storm Southern US, 
5-hevay storm Amazon, 
6- drought Amazon, 
7- heavy storm Europe, 

Distribució global aproximada dels esdeveniments 
extrems que impacten el cicle de carboni terrestre.

Les condicions climàtiques extremes més freqüents 
amb el Canvi Climàtic són una empenta pel canvi.... 

Frank et al, GCB (2015) 21, 2861–288 32

8- drought and heat extreme Europe, 
9- extreme drought, heat and fire in Russia, 
10- ice storm China, 
11 fire, drought SE Asia, 
12- drought Australia, 
13-heavy precipitation Australia, 
14- heavy precipitation Southern Africa. 

Moderador
Notas de la presentación
Global distribution of extrem events in the terrestrial carbon cycle, and approximate geographical locations of published climate extremes with impacts on the carbon cycle. Extreme events in the carbon cycle are defined as contiguous regions of extreme anomalies of GPP during the period 1982-2011 (modified after Zscheischler et al 2014b). Colour scale indicates the average reduction in gross carbon uptake compared to normal year due to negative extremes in GPP. Units are gram carbon per square meter per year. The map highlights the IPCC regions with the following references to the published climate extremes. References: 1- pest outbreaks Canada/North America, 2- ice storm North America, 3- drought US, 4- heavy storm Southern US, 5-hevay storm Amazon, 6- drought Amazon, 7- heavy storm Europe, 8- drought and heat extreme Europe, 9- extreme drought, heat and fire in Russia, 10- ice storm China, 11 fire, drought SE Asia, 12- drought Australia, 13-heavy precipitation Australia, 14- heavy precipitation Southern Africa. 



• Per Insectes

• Pels patògens

• Pels incendis

• Per les sequeres

• Pel vent

• Per nevades i gelades
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Pertorbacions als 
boscos degut al canvi 
climàtic
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I molts més efectes...

• Pèrdua de Biodiversitat terrestre i aquàtica
• Pèrdua dels esculls de corall
• Illes que desapareixen sota l’aigua
• Inundació a les zones de costa i deltes on 

es concentra moltíssima població humana
• Refugiats climàtics, conflictes a gran escala
• Pèrdua o afectacions a infraestructures,…
• …
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Millennium Ecosystem 
Assessment (2005)

35

Des de la Ciència ja fa temps que en parlem i aportem dades
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La síntesi del PROBLEMA 
(dues visions incompatibles)

NO GUAU!!!
Worrying!!!!!GUAU!!!

Es poden pensar en millors maneres de 
fer, tenint en compte la sostenibilitat?

Des de la Ciència ja fa temps que en parlem i aportem dades



37 languages 

12 million copies sold

Top-selling Environmental 
title in history

37

Posant límits al 
creixement

Hem de repensar la nostra relació amb la Biosfera.
No és nou, ja ho deien Meadows et al. pel club de Roma
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La petjada ecològica en un planeta finit.  
Es tracte de repartir el que fem sobre 
l’espai i recursos disponibles.

Moderador
Notas de la presentación
Although the focus of current policy and science is on accounting for greenhouse gases, constraints on other resources such as food are also becoming increasingly apparent. The ecological footprint is a broad measure of resource use which highlights where consumption is exceeding environmental limits.
The ecological footprint uses units of bioproductive area (global hectares) to assess the nature and scale of the environmental impact of a country, region, community, organisation, product or service.
The use of bioproductive area as a composite measure makes it a powerful and resonant means of measuring and communicating environmental impact and sustainability. In this sense it is comparable to many economic indicators such as the Retail Prices Index (RPI), Gross Value Added (GVA) and Gross Domestic Product (GDP).
The ecological footprint can be used in cost-benefit analyses, to assess corporate risk and to model alternative business strategies and scenarios.



Com de ràpid consumim recursos i generem residus

Comparat amb com de ràpid la natura pot absorbir els 
nostres residus i generar nous recursos

Petjada de carboni

habitatge Fusta i paper Aliments, fibres... Peix,  marisc...Energia

Espais urbanitzats Boscos Conreus i pastures Pesqueries

Petjada ecològica
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Five key areas that are defining 
our long-term trends most 
forcefully. All of them are shaped 
by our individual and collective 
choices.

Earth Overshoot Day Fell On 
August 22, 2020

De moment no parem d’incrementar la 
petjada ecològica en un planeta finit. 

Però hi hem d’afegir l’aigua!



Renewables Re-cycling Capture & Storage

GHG Emission reduction

Revegetation Ag. Sequestrat.

Post Emissions CO2 Fixes

Mass transport Road transport Buildings Low energy Doing things 
differently

Energy conservation and efficiency

Ajudar a rebaixar dràsticament la pressió que fem

…

…

…
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Per exemple: La producció 
intensiva d’aliments provoca 
moltes emissions de gasos 
d’efecte hivernacle com el 
diòxid de carboni i el metà.

42

Com fem les coses per reduir les emissions...



1. Com consumim Aigua i Energia. Estalvi i eficiència
2. Com ens desplacem
3. Com generem residus. Quantitat i processat dels residus, hàbits de 

consumim (món del tèxtil-moda, reutilització, electrodomèstics et 
al., paper,...)

4. Com ens alimentem. Influència de les dietes i de l’origen del menjar 
més o menys proper.

5. Com ens preparem, acollim i ajudem a la integració dels refugiats
6. Com influenciem a l’escola, famílies, barris i municipis

(horts, compostatge, comerç, plantacions d’arbres i cura dels 
entorns, ...).

Connectem amb el dia a dia de les 
persones des de les escoles

Eixos per treballar cap endins i cap enfora per aprendre i influir



“L’emergència climàtica, causes i 
conseqüències. Des del global, al 

dia a dia de cada persona”
Santi Sabaté

Ecòleg, Professor d’Ecologia (UB) 
i Investigador del CREAF  

CREAF

Sessió 1: Grups 16 i 17 de novembre 2020, 17:30-19:30 h
Sessió 1: Grups 25, 26 de gener i 8 de febrer 2021,  17:30-19:30 h

Formació Cel Rogent:  Escoles verdes de Tarragona 
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