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From Forest to Farmland and Meadow:
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role of land cover in the earth system?

- Organics, NO,, CO
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k How does land cover change affect climate?

Reflection and absorption of incoming solar radiation

Aerosol Haze Clouds
Biogeochemical T Biogeophysical
Feedbacks N Feedbacks
COy, methane water flux
‘organidother trace gasespoot albedo

aerosols...

roughness...




Climate-land cover feedbacks
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k 200,000 years ago, Penultimate interglacial
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k 150,000 years ago, Penultimate glacial maximum
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125,000 years ago, Last Interglacial (Eemian)
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90,000 years ago, early last glacial

H. erectus/
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Kaplan and Krumhardt, unpublished



f- Climate of the last glaciation

NGRIP 50
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60,000 years ago, mid last glacial

H. erectus/
H. heidelbergensis
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Kaplan and Krumhardt, unpublished



21,000 years ago: Last Glacial Maximum

Kaplan and Krumhardt, unpublished



T“ What was the Last Glacial Maximum?

NGRIP 50
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What was the Last Glacial Maximum?

- Period of relatively stable, cold (but not
coldest) conditions towards the end of the
last glacial cycle

- Period with some of the lowest atmospheric
CO:; levels in the last several million years

- Generally distinguished as period with the
largest ice extent/ice volume —> lowest sea
level

- A focus of research for understanding the
climate system at a time very different from
today



Land cover in the Earth System

We know the Earth's land surface plays an
important role in the climate system

We think we know the land surface changed
greatly over the late Quaternary (1m yrs)

We might know that both climate and
human activities influence land cover, and
are influenced by climate

We have very little understanding of how much
of late Pleistocene and Holocene land cover
change was caused by climate vs. humans



) Land use in the earth system

- Anthropogenic, i.e.,, human-induced,
land cover change is a product of the
changing relationship between people and
their environment over time

- Major developments in human history

changed the way we perceived, exploited,
and permanently modified our environment

« These land use revolutions led to land cover

chonges that affect us at present and in th& -




Last Glacial Maximum landscapes
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k The LGM forested Europe conundrum

 —

\ 4

BIOME600O0 (Tarasov et al., 2000; Elengaq, et al., 2000)

O
GRASSLAND TEMPERATE FORESTS
temperate grassland cool mixed forest
COLD EORESTS I cool evergreen needleleaf forest

B cold evergreen needleleaf forest Kaplan et al., PLOS One, 2016
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The LGM forested Europe conundrum

T . 3 .
‘ ’
*% Y

e
1

‘ v
< " .
_.'\5 - | h

I

4
r

N

10

20

30

40 50 60 70 80 90 100
forest cover (percent)

Kaplan et al., PLOS One, 2016



k The 1st land use revolution: Human use of fire

-

1]_,“,\ 5 | ‘ ¥ r 4 ‘ : i

How Solutrean hunters drove wild horses to their deaths in eastern France Anonymous artist




k Archaeological evidence for human presence

PACEA (D'Errico et al., 2001); Barton, et al., (2013)

+ archaeological sites dating to 21,000 = 1000 BP

water
[ ice sheets / glaciers

uninhabited

| estimated (no data)

Kaplan et al., PLOS One, 2016



k Archaeological evidence for human presence

U
LS, PIEIRC
j 't\\\ "f ){ ‘4\\ v’
N P
N 7N

-+ archaeological sites dating to 21,000 + 1000 BP ﬁ

| | water | | uninhabited
. . . 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
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PACEA (D'Errico et al., 2001); Barton, et al., (2013) Kaplan et al., PLOS One, 2016
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Carrying capacity calculation
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Simulated population density

0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6
forager density (humans 100 km~2)

Kaplan et al., PLOS One, 2016



f- Conceptual setup of fire model

Fuel Human Agricultural
characteristics ignitions burning
and lightning (managed wildfire) (annual)
ignitions

(daily)

! !

Fire behavior Fire impact

e Rate of spread e Biomass

e Fireline consumed
intensity e Trees killed

e Average fire
Size




Why would humans burn in the post?

—_— — ————————— - - - _ - - - - -— - - - _ - = =

Faivre et al Ol 1). We therefore link the annual amount that
foragers W1ll try to burn to the simulated degree of landscape
openness, 1.e. tree cover, and the effectiveness of fires to open
up forest, 1.e. the rate of change of vegetation cover over time.
The annual burn target for foragers is calculated as

fann=Max (min ((l—grass) max (d (grass) , O) 20, 1) \ O) , 5

dt

with the change 1n grass cover being estimated as

d (grass)
dr

= grass,_;, — (0.9grass,_;, +0.lgrass,) . (6)

These equations imply that foragers living in an area with
high forest cover will initially try to use fire to open the land-
scape. As the forest cover 1s reduced, the annual amount of
anthropogenic fire will be reduced to maintain an equilib-
rium level of openness of the landscape. Alternatively, if an-
thropogenic burning has little effect on forest cover, e.g. in
wet environments, humans will “give up” trying to burn their
landscape after a short period of time. This quantification of

Pfeiffer et al., Geoscientific Model Devel., 2013



Fire caused by humans
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change in mean annual burned area (%)

Kaplan et al., PLOS One, 2016
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Modeled forest cover without humans
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k Forest cover as influenced by human burning

0 10 20 30 40 50 60 70 80 90 100
forest cover (percent)

Kaplan et al., PLOS One, 2016



k Forest cover as influenced by human burning
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forest cover (percent)

Kaplan et al., PLOS One, 2016



k Forest cover as influenced by human burning
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Kaplan et al., PLOS One, 2016



k The LGM forested Europe conundrum

————

|
71 sites, >100 samples
securely dated to LGM
(21,000 % 1000 cal. BP)

0 10 20 30 40 50 60 70 80 90 100

% of total PFT assemblage belonging to arboreal PFTs Kaplan et al., PLOS One, 2016



Summary

- Climate simulations for LGM Europe show
large differences between models. However,

- Much of Europe may have been suitable for
human occupation at LGM

- Limited human application of fire, to
wooded |landscapes already stressed by cold
temperatures and low CO,, would have led
to large-scale opening of landscapes

- This process helps reconcile models with
independent reconstructions of land cover
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k L GM tree cover in the absence of humans

T —
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LGM tree cover with anthropogenic fire
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k The beginning of the anthropocene?

- Human use of fire could have led to large
changes in land cover in temperate/boreal

latitudes

- These would feedback to climate, intensifying
already cold glacial conditions

- Are these the first large-scale anthropogenic
transformations of the earth system?




11,000 BP: Beglnnmg of the Holocene

nho

- Modern
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Kaplan and Krumhardt, unpublished
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Ts’ The enigma of Holocene CO; and methane
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The 2nd [and use revolution: Agriculture and pastoralism

>
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Spread of agriculture and change in diet

Wheat, barley Rice | Asian Millets and Buckwheat

-
oy {':
.. s

Afri 1 ote and Sorah extent of cross-continental cereal
rican miiiets dn org um exchqnge by 3'800 BP

Courtesy Martin Jones, Cambridge



- The 3rd land use revolution: Metallurgy

Photos courtesy of The British Museum Base Map: After Haywood, 2011



The 3rd land use revolution: Metallurgy
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Photos courtesy of The British Museum Base Map: After Haywood, 2011



The 3 [and use revolution: Metallurgy

-~

Photos courtesy of The British Museum Base Map: After Haywood, 2011



The 3 [and use revolution: Metallurgy

Photos courtesy of The British Museum Base Map: After Haywood, 2011



) The 3rd land use revolution: Metallurgy

Photos courtesy of The British Museum




The 4th |and use revolution: Trade

 Large-scale trade in bulk commodities
started in the empires of antiquity

- This was already a form of “regionalization”
and de-localization of economic activity

Monte Testaccio, Rome, ca. AD 140-250. 53 million amphorae




k Human activities emit greenhouse gases
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Modeling anthropogenic land cover change
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k What determines the distribution of land use?

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 01 02 0.3 0.4 05 06 07 08 0.9
Land suitability for cultivation (Scrops) | Land suitability for pasture (Susable)

To account for land under cultivation:

Scrops — f(Cl) X f(GDD) X f(pHsoil) X f(CsoiI)

To account for pasture and other forest uses:

Susable — f(a) X f(GDD)
Kaplan et al. (2009)



Preindustrial land use in Europe

04 05 06 . . . Kaplan et al., 2009

Forested fraction of gridcell



Preindustrial land use in Europe

HYDE 3.2
4000 BC / 5949 BP

KK10 &
4051 BC / 6000 BP E =

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
fraction of gridcell under land use delcm et al., 201



k How does land cover change affect climate?

Reflection and absorption of incoming solar radiation

Aerosol Haze Clouds
Biogeochemical T Biogeophysical
Feedbacks N Feedbacks
COy, methane water flux
‘organidother trace gasespoot albedo

aerosols...

roughness...




Preindustrial human impact on climate

- Regional studies
—Focus on biogeophysical feedbacks

—Used GCMs or RCMs

—-Studied idealized time periods, e.qg., afforestation
and deforestation during Classical Rome, or
Land cover change in Europe over the Holocene

- Global studies

—Both biogeophysical and biogeochemical
feedbacks
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ALCC effect on temperature AD 1800

Low land use scenario High land use scenario
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f- ALCC effect on precipitation 6000 BP

Low land use scenario High land use scenario
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f- ALCC effect on precipitation AD 1800

Low land use scenario High land use scenario

3
I ry . r — ry

P N P e Y - 120

; ;r' ', A /’ e | o>
7 T
. ; 7 ( ¢ ‘ , P ( :
"';“’J- Zy "\ ' ::_-,:: - '?37’ }?’ I,k >' '-:-‘.—,;'_' b . < 10
Winter 75y et H &l
P Pl « % P . y: o =R,

-, '
A TR
" e
‘4 - —

¢ gegh
T
Ve
e
(b
n #"-;_. q,e’\
v \‘l‘ -
P"’iz
Ve

-50

Ajpwoun uolinjididaid

Su m m e r A . ? *“"_ , ~ x»_i; - r*_‘“!—‘— 60

-70

Using KK10 land use and ECHO-G GCM to force RCA3 RCM. Strandberg et al., Clim. Past. 2014



Peak deforestation in classical antiquity
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Q Precipitation changes as a result of deforestation
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Fig. 3. Summer (JJA) average anomaly in precipitation
(mmonth™1) for simulated forest cover at 100 yr BP minus poten-
tial forest cover. The largest changes in precipitation between po-
tential forest cover and forest cover at 100 yr BP are in Northern
Europe. The shaded areas are regions where the changes in precip-

itation are statistically insignificant (¢(38)=2.024, p =0.05). Dermody et al., Clim. Past. 2012



Peak deforestation in classical antiquity
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Land use impact on climate

ANOMALIES
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The Roman economy
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Metallurgy and air pollution
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k Aerosol impact on climate

ANOMALIES
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k Combined impacts on climate

TEMPERATURE ANOMALIES
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Land cover change in Mesoamerica

Kaplan et al., The Holocene, 2011
Cook et al., Geophys. Res. Lett. 2012
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’f“ Effects of pre-Columbian deforestation on climate

\ =)
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f - Historical Population Dataset (1000 BC to 1850}
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k Global historical population database
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Krumhardt, 2010; Lemmen et al., in prep.



k Global historical population database
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Global historical population database

- 207 population regions (global)
- Merged product of literature estimates GLUES simulation

potential natural population (8ka-3ka GLUES - 3ka-1850
literature)

Krumhardt, 2010; Lemmen et al., in prep.



Ts, The evolution of cities over the Holocene

Population of cities
10°

104

5000 BP / 3051 BC

=

- Primary data sources: Chandler (1987), Modelski (2000),

Tellier (2009), Satterthwaite (2009), Geonames.org database
- Geolocation of ancient and some modern cities a major problem
- Dataset is incomplete for all time periods

Kaplan et al., unpublished
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Anthropogenic land cover change
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Global land use in the mid-Holocene
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T» The enigma of Holocene CO; and methane
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Human influence on global climate
8,500 BC ) AD 1850
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- Experiments performed

with NCAR CCSM4 GCM,
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— Preindustrial control:
285 ppm COy, 792 ppb
CH4, KK10 land use

—"Earth without people”:
245 ppm COy, 445 ppb
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- Differences highlights

edrly human impact



Biogeophysical feedback

&

- Net cooling as a result of deforestation: -0.17 °C
Biogeophysical effects mean = -0.17 (K)
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Feng He et al., Geophys. Res. Lett., 2014



& Biogeochemical feedback

- Warming as a result of carbon emissions: 0.9 °C
Biogeochemical effects mean = 0.90 (K)
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Feng He et al., Geophys. Res. Lett., 2014
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- Greenhouse warming predominates except locally

- Total warming 0.73 °C - similar to industrial era!
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Feng He et al., Geophys. Res. Lett., 2014



f- Summary and conclusions

- Human activities had a substantial impact on the biosphere
since the evolution of behaviorally modern humans

- During the preindustrial Holocene, persistent deforestation as
a result of agriculture, pastoralism, and other land use led to
widespread land cover change and greenhouse gas emissions
to the atmosphere that changed regional and global climate

- What about the
anthropocene?
As a political concept @
recent definition is useful,
but as the definition of
human influence, we must
consider the entire late
Quaternary

8000 BP /6051 BC
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