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•  Post-industrial	popula:on	boom	
•  100	million	tons	of	dry	biomass	

•  15-fold	increase	in	global	economic	output	in	a	
65-year	period	

(Crea:ve	Commons)	



was taken as the abrupt end of the Younger Dryas
cooling event. TheGSSP chosen to define the base
of the Holocene was agreed to lie within the
NGRIP2 ice core from central Greenland (NGRIP,
North Greenland Ice Core Project) (13). The core
contains a detailed archive of environmental
change, preserved in the composition of air bub-
bles trapped in the ice and in the chemical and
physical characteristics of the ice. The GSSP lies
within amultidecade warming andmoistening
trend, which is inferred from oxygen isotopes
showing rising d18O, associated with a reduction
in dust content. Aboutmidway through this trend,
the sharpest change is a decrease in excess deu-
terium, which is interpreted as representing a re-
organization of North Atlantic ocean-atmosphere
circulation at 11,700 years before the year 2000 CE,
± 99 years at 2s (13). This distinctive change is
used to define the base of the Holocene series
(the material chronostratigraphic unit). Thus,

by definition, the Holocene epoch (the abstract
time unit) began ~11,700 years ago.
TheHolocene epoch (and corresponding series)

is being considered for subdivision into three
component sub-epochs (subseries), again using
climatic signatures to guide the positioning of
their bases. The base of the Lower Holocene, by
default, would be the base of theHolocene series,
as described above. The base of the Middle Hol-
ocene has been proposed to lie within a short-
lived (150 ± 30 years) cooling event at 8200 years
before the present (yr B.P.), where there is a
marked shift to lower 18O/16O values (more neg-
ative d18O values) within the NGRIP1 ice core in
the Greenland Ice Sheet (13). Within the same
narrow interval of time,Greenland ice cores show
low deuterium/hydrogen (D/H) ratios, a decline
in annual layer thickness, an atmospheric CH4

minimum, and a volcanic marker characterized
by high fluoride content. Such signals have led

to the proposal that a Greenland ice core should
be used to define theMiddle Holocene GSSP (13).
Although such signals are most strongly evident
at localities adjacent to the North Atlantic, they
probably make up part of a global signature,
because correlative signals are evident in lake
sediments as changes in pollen assemblages and
oxygen isotopes; in cave speleothems as isotopic
signals reflecting changes in the intensity of the
South American monsoon; in marine foraminif-
eral assemblages (species compositions); and in
increased aridification around theMediterranean
that broadly coincideswith theMesolithic-Neolithic
transition (13).
The base of the Upper Holocene has been

proposed to lie at amid- and low-latitude aridifi-
cation event at 4200 yr B.P. (13). This event ap-
pears to have coincided with cooling of the North
Atlantic and tropical Pacific, the arrival of cooler
and wetter conditions in Europe, and a weaken-
ing of the Asian monsoon (13). The proposed
stratotype is in a speleothem record from Mawm-
luh Cave in northeast India, at the midpoint of a
two-stage shift of d18O values in calcite from more
positive, starting at 4300 yr B.P., to more nega-
tive, starting at 4100 yr B.P. (13). Although there
is no doubt that marked environmental per-
turbations occurred at both 8200 and 4200 yr
B.P., most proxies indicate subsequent recov-
ery in a matter of centuries, implying that these
were temporally discrete paleoclimatic events as
opposed to truly novel states within the Earth
system.

Human drivers of
stratigraphic signatures

The driving human forces responsible for many
of the anthropogenic signatures are a product of
the three linked force multipliers: accelerated
technological development, rapid growth of the
human population, and increased consumption
of resources. These have combined to result in
increased use ofmetals andminerals, fossil fuels,
and agricultural fertilizers and increased trans-
formation of land and nearshore marine ecosys-
tems for human use. The net effect has been a
loss of natural biomes to agriculture, cities, roads,
and other human constructs and the replacement
of wild animals and plants by domesticated spe-
cies to meet growing demands for food. This
increase in consumption of natural resources is
closely linked to the growth of the human popula-
tion. AnatomicallymodernHomo sapiens emerged
~200,000 years ago (14). By 12,000 yr B.P., around
the start of the Holocene, humans had colonized
all of the continents except Antarctica and the
South Pacific islands and had reached a total
population estimated at 2million (15, 16). Up to
this point, human influence on the Earth system
was small relative to what has happened since
the mid-20th century; even so, human impacts
contributed to the extinction of Pleistocene me-
gafauna (17). However, the key signals used to
recognize the start of the Holocene epoch were
not directly influenced by human forcing, which
is a major distinction from the proposed Anthro-
pocene epoch.
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Fig. 1. Summary of the magnitude of key markers of anthropogenic change that are indicative of
the Anthropocene. (A) Novel markers, such as concrete, plastics, global black carbon, and plutonium
(Pu) fallout, shown with radiocarbon (14C) concentration. (B) Long-ranging signals such as nitrates
(NO3

–), CO2, CH4, and global temperatures, which remain at relatively low values before 1950, rapidly
rise during the mid-20th century and, by the late 20th century, exceed Holocene ranges.
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(Waters	et	al.	2016)	

was taken as the abrupt end of the Younger Dryas
cooling event. TheGSSP chosen to define the base
of the Holocene was agreed to lie within the
NGRIP2 ice core from central Greenland (NGRIP,
North Greenland Ice Core Project) (13). The core
contains a detailed archive of environmental
change, preserved in the composition of air bub-
bles trapped in the ice and in the chemical and
physical characteristics of the ice. The GSSP lies
within amultidecade warming andmoistening
trend, which is inferred from oxygen isotopes
showing rising d18O, associated with a reduction
in dust content. Aboutmidway through this trend,
the sharpest change is a decrease in excess deu-
terium, which is interpreted as representing a re-
organization of North Atlantic ocean-atmosphere
circulation at 11,700 years before the year 2000 CE,
± 99 years at 2s (13). This distinctive change is
used to define the base of the Holocene series
(the material chronostratigraphic unit). Thus,

by definition, the Holocene epoch (the abstract
time unit) began ~11,700 years ago.
TheHolocene epoch (and corresponding series)

is being considered for subdivision into three
component sub-epochs (subseries), again using
climatic signatures to guide the positioning of
their bases. The base of the Lower Holocene, by
default, would be the base of theHolocene series,
as described above. The base of the Middle Hol-
ocene has been proposed to lie within a short-
lived (150 ± 30 years) cooling event at 8200 years
before the present (yr B.P.), where there is a
marked shift to lower 18O/16O values (more neg-
ative d18O values) within the NGRIP1 ice core in
the Greenland Ice Sheet (13). Within the same
narrow interval of time,Greenland ice cores show
low deuterium/hydrogen (D/H) ratios, a decline
in annual layer thickness, an atmospheric CH4

minimum, and a volcanic marker characterized
by high fluoride content. Such signals have led

to the proposal that a Greenland ice core should
be used to define theMiddle Holocene GSSP (13).
Although such signals are most strongly evident
at localities adjacent to the North Atlantic, they
probably make up part of a global signature,
because correlative signals are evident in lake
sediments as changes in pollen assemblages and
oxygen isotopes; in cave speleothems as isotopic
signals reflecting changes in the intensity of the
South American monsoon; in marine foraminif-
eral assemblages (species compositions); and in
increased aridification around theMediterranean
that broadly coincideswith theMesolithic-Neolithic
transition (13).
The base of the Upper Holocene has been

proposed to lie at amid- and low-latitude aridifi-
cation event at 4200 yr B.P. (13). This event ap-
pears to have coincided with cooling of the North
Atlantic and tropical Pacific, the arrival of cooler
and wetter conditions in Europe, and a weaken-
ing of the Asian monsoon (13). The proposed
stratotype is in a speleothem record from Mawm-
luh Cave in northeast India, at the midpoint of a
two-stage shift of d18O values in calcite from more
positive, starting at 4300 yr B.P., to more nega-
tive, starting at 4100 yr B.P. (13). Although there
is no doubt that marked environmental per-
turbations occurred at both 8200 and 4200 yr
B.P., most proxies indicate subsequent recov-
ery in a matter of centuries, implying that these
were temporally discrete paleoclimatic events as
opposed to truly novel states within the Earth
system.

Human drivers of
stratigraphic signatures

The driving human forces responsible for many
of the anthropogenic signatures are a product of
the three linked force multipliers: accelerated
technological development, rapid growth of the
human population, and increased consumption
of resources. These have combined to result in
increased use ofmetals andminerals, fossil fuels,
and agricultural fertilizers and increased trans-
formation of land and nearshore marine ecosys-
tems for human use. The net effect has been a
loss of natural biomes to agriculture, cities, roads,
and other human constructs and the replacement
of wild animals and plants by domesticated spe-
cies to meet growing demands for food. This
increase in consumption of natural resources is
closely linked to the growth of the human popula-
tion. AnatomicallymodernHomo sapiens emerged
~200,000 years ago (14). By 12,000 yr B.P., around
the start of the Holocene, humans had colonized
all of the continents except Antarctica and the
South Pacific islands and had reached a total
population estimated at 2million (15, 16). Up to
this point, human influence on the Earth system
was small relative to what has happened since
the mid-20th century; even so, human impacts
contributed to the extinction of Pleistocene me-
gafauna (17). However, the key signals used to
recognize the start of the Holocene epoch were
not directly influenced by human forcing, which
is a major distinction from the proposed Anthro-
pocene epoch.
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Fig. 1. Summary of the magnitude of key markers of anthropogenic change that are indicative of
the Anthropocene. (A) Novel markers, such as concrete, plastics, global black carbon, and plutonium
(Pu) fallout, shown with radiocarbon (14C) concentration. (B) Long-ranging signals such as nitrates
(NO3

–), CO2, CH4, and global temperatures, which remain at relatively low values before 1950, rapidly
rise during the mid-20th century and, by the late 20th century, exceed Holocene ranges.
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Impacts	on	biosphere	



Weighted	popula:on	overshoot	
•  Weighted	demand	on	biosphere	

	=	N	×	Weight	of	demand	(impact)	on	the	environment	
•  Human	demand	on	the	biosphere	exceeds	that	which	
can	occur	on	a	sustainable	basis	

Why?	
•  Time	discoun:ng	
•  Externali:es	

–  Shared	costs	that	are	unaccounted	for	in	individuals’	
decision	making	

–  Environmental	costs	
•  Remarkably	diffuse	and	remote	(“property	rights”	are	not	:ght)	
•  Tragedy	of	the	commons,	common	pool	resource	dilemma…	
•  With	globaliza:on,	scope	of	externali:es	is	huge		

–  Conformism		



Where	does	this	put	us?	

•  Reduced	mortality	in	the	industrial	age	has	
led	to	high	total	N		

•  Good	news?		
– Fer7lity	is	also	dropping	

	



(Crea:ve	Commons)	



United	Na:ons	Popula:on	Division	(2017).	World	Popula/on	Prospects:	The	2017	Revision.	
New	York:	United	Na:ons	
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Where	does	this	put	us?	

•  Reduced	mortality	in	the	industrial	age	has	
led	to	high	total	N		

•  Good	news?		
– Fer7lity	is	also	dropping	

•  Bad	news?		
– Lower	fer7lity	occurs	with	higher	per	capita	
demand	on	the	biosphere	

	



Moses	&	Brown	2003	

Lower	fer:lity	occurs	
with	higher	per	capita	

demand	on	the	
biosphere	



Mammals	with	more	energe:cally	
expensive	offspring	have	lower	

fer:lity	rates	

Similarly,	human	fer:lity	
decreases	with	higher	per	
capita	energy	consump:on	
(higher	cost	of	children)		

Moses	&	Brown	2003	



What	concepts,	frameworks	&	tools	
	can	help	us	think	about	the	balance		

between	human	popula7on,		
demands	on	the	environment,	and		

the	health	of	the	biosphere?	


