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❖ Introduction

 Definition of Paleoclimate 

 Late Quaternary period and orbital forcing.

 The driving forces on monsoon systems.

 Impact of vegetation on the precipitation.

❖ Method 

❖ Results

 North African- Indian monsoon during the Late Quaternary.

 Climatic effect of obliquity during Marine Isotope Stage 

(MIS) 11 and 13.

 Vegetation-precipitation feedback during MIS 1.

❖ Conclusions

❖ Outlook
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Paleoclimate

1. Ancient; prehistoric; old
2. Early; primitive

1. (Physical Geography) the long-term 
prevalent weather conditions of an area, 
determined by latitude, position relative to 
oceans or continents, altitude, etc
2. (Physical Geography) an area having a 
particular kind of climate

www.freedictionary.com
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www.ipcc.ch

Outline Introduction Method Result Conclusion Outlook
• The United Nations body for assessing the science 

related to climate change.
• To provide policymakers with regular scientific 

assessments on climate change, its implications 
and potential future risks, as well as to put forward 
adaptation and mitigation options.

• Created by the United Nations Environment 
Programme (UN Environment) and the World 
Meteorological Organization (WMO) in 1988.

• The IPCC has 195 Member countries.



https://www.google.com/
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Quaternary, in the geologic history of Earth, a 
unit of time within the Cenozoic Era, beginning 
2,588,000 years ago and continuing to the 
present day.

The Quaternary is one of the best-studied parts 
of the geologic record ➔ it is well preserved in 
comparison with the other periods of geologic 
time (International Union of Geological Sciences 
(IUGS)

(https://www.britannica.com/science/Quaternary)



Why Study Past Climates?

• It may help us to understand natural climate changes.

• The study of past climates may give us information 
into future climate scenarios.

Warm Cold Warm

Interglacial Glacial Interglacial
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Climate 
Proxy

Tree Rings

Sediment 
Cores

Ice Cores

SpeleothemCoral Reefs

Stable 
Isotopes

Pollen

How do scientists' study past climate?

Climate  
Modeling

Proxy data ➔ preserved physical characteristics of the 
environment that can stand in for direct 
measurements. 

(https://www.ncdc.noaa.gov/news/what-are-proxy-data)



19 and 23 kyr

41 kyr
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Lisiecki and Raymo, 2005

Berger, 1978MIS: Marine Isotope Stage
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Mohtadi et al., 2016

Driving forcing on monsoon system
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Volcanic Activity Orbital forcing

Ice sheets

Time scale (years)

Natural greenhouse gasses

AMOC

Land

• The components are closely 
coupled through feedback 
mechanism.

• Perturbation may affect the 
monsoon system



deMenocal et al., 2000

ODP site 658C: insolation maximum leads to wet conditions

ODP: Ocean Drilling 

Program
JJA: June- July- August ➔ West African Monsoon ➔ a major wind

system that affects West African regions and is characterized by

winds that blow southwesterly during warmer months and

northeasterly during cooler months of the year

Outline Introduction Method Result Conclusion Outlook

• Terrigenous: sediment 
transported to the oceans by 
rivers and wind from land 
sources.

• Strengthening of African 
monsoon



Summer (JJAS) precipitation changes in mid- Holocene 

West Africa 
(20°W-30°E; 10°N-25°N)

North India 
(70°E-100°E; 20°N-40°N)

Impact of vegetation on the precipitation
Outline Introduction Method Result Conclusion Outlook

Braconnot et al., 2007PMIP: Paleoclimate Modelling Intercomparison Project.

Ocean-

Atmosphere (OA)

Ocean-Atmosphere-

Vegetation (OAV)



Investigate the effects of obliquity-precession-induced insolation anomalies on

global surface climate (surface temperature and precipitation) during MIS 15, MIS

13, MIS 11, MIS 5, MIS 1 to:

1. Study the response of North African- Indian monsoon systems to orbital forcing

during the Late Quaternary.

2. Understand climatic effects of obliquity variations during MIS 13 (495 & 516

ka) and MIS 11 (394 & 416 ka).

Outline Introduction Method Result Conclusion Outlook

3. Analyze vegetation-precipitation feedback over North Africa in mid- and early-

Holocene (MIS 1).

Objectives
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Community Climate System Model version 3- Dynamic Global 

Vegetation Model (CCSM3-DGVM)

•CAM3: T31 (3.75°), 26 vertical layers.

•CLM3: T31 (3.75°), components: 

biogeophysics, biogeochemistry, 

hydrological cycle, DGVM (10 PFTs).

•POP version 1.4.3: displaced-pole 

grids (centered at Greenland) at 

approximately 3.6°(gx3v5) horizontal 

resolutions with 25 vertical levels.

• CSIM5: gx3v5 resolutions.



Past climates (13 interglacial time slices):

•Branch off from year 600 of the PI and running for 400 years.

•Orbital forcing: Berger, 1978.

•GHG: EPICA Dome C (EDC3).

•Ice sheet, ozone, aerosols, solar constant: PI control run.

•Fixed calendar.

•100 simulation years ➔ analysis➔ summer (JJAS) and winter (DJF)

➔ Lüthi et al., 2008, Loulergue at al., 2008, Schilt et al., 2010

Experiments setup Pre Industrial (PI) control run:

•Orbital and GHG forcing: PMIP.

•Ice sheet, ozone, aerosols, solar constant: PMIP.

•Solar constant: 1365 W m-2.

•Integration: 1000 years starting from modern initial conditions.

•Fixed calendar.

EPICA: European Project for Ice Coring in Antarctica

GHG: Greenhouse Gases 

JJAS: June- July- August- September

DJF: December- January- February

Outline Introduction Method Result Conclusion Outlook

➔(Braconnot et al., 2007)
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Selection of Interglacial 

time slices

Berger, 1978

Lisiecki and Raymo, 2005

MIS 1: 6, 9 ka

MIS 5: 115, 125 ka

MIS 11: 394, 405, 416 ka 

MIS 13: 495, 504, 516 ka

MIS 15: 579, 609, 615 ka
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Insolation changes

Rachmayani et al., 2016

I: high NH summer 

insolation

MIS 1: 6, 9 ka

MIS 5: 125 ka

MIS 11: 405, 416 

MIS 13: 504 ka

MIS 15: 579 ka
II: low NH summer 

insolation

MIS 5: 115 ka

MIS 13: 495, 516 ka

MIS 15: 609 ka

III: spring-summer NH 

insolation

MIS 11: 394 ka

MIS 15: 615 ka



Rachmayani et al., 2016

Summer (JJAS) Precipitation changes

1. Response of North African- Indian monsoon systems to orbital forcing during the Late

Quaternary.

Group I: high NH summer insolation Group II: low NH summer insolation
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Rachmayani et al., 2016

Group III: spring-summer NH summer insolation

Summer (JJAS) Precipitation  changes

Outline Introduction Method Result Conclusion Outlook



Outline Introduction Method Result Conclusion Outlook

MIS 13

Insolation changes

2. Climatic effects of obliquity variations during
MIS 13 and MIS 11.

MIS 11

Rachmayani et al., 2016
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Surface temperature changes

MIS 11 MIS 13

❑ Remnant effect
❑ GHG

Rachmayani et al., 2016



Rachmayani et al., 2016

Summer (JJAS) Precipitation changes
MIS 11 MIS 13
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OAV: Ocean-Atmosphere-

Vegetation, DGVM.

OAVf: Ocean-Atmosphere-

Vegetation, fixed vegetation.

Summer (JJAS) 

Precipitation and 

surface wind 

changes

Rachmayani et al., 2015

Mid- Holocene Early- Holocene

3. Vegetation-precipitation feedback over North Africa in mid- and early-Holocene (MIS 1).
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Mid- Holocene Early- Holocene

Outline Introduction Method Result Conclusion Outlook

Summer (JJAS) 

Temperature and mid-

level (at 700 hPa) 

wind changes

Rachmayani et al., 2015



❑ Low precession (high boreal summer insolation) 

➔ high summer rainfall in the monsoon belt of North Africa to India.

❑Maximum precession (low boreal summer insolation) 

➔ dry conditions in the monsoon belt of North Africa to India.

❑ Opposite sign of monsoonal precipitation anomalies in North Africa and India 

➔ two monsoon systems do not always vary in concert

1. Response of North African- Indian monsoon systems to orbital

forcing during the Late Quaternary.
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 High-low obliquity 

➔ strong summer warming over the NH extratropics and slight summer 

cooling in the tropics, moderate winter cooling over the NH continent and a strong 

winter warming at high latitudes.

 Polar summer remnant effect 

➔ summer warming at southern high latitude and winter  warming

temperature over Arctic realm.

 Obliquity ➔ strong African monsoon rainfall in MIS 11 case.

 The effect of high obliquity on monsoon can be counteracted by a large 

precession. 

2. Climatic effects of obliquity variations during MIS 13 and MIS 11.
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 20 % enhanced summer rainfall anomaly in both the early- and mid-

Holocene with OAV experiments.

 The primary vegetation-atmosphere feedback ➔ surface latent heat flux

anomalies by canopy evapotranspiration and African Easterly Jet.

3. Vegetation-precipitation feedback over North Africa in mid-

and early-Holocene (MIS 1).
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Interglacial ocean-climate dynamics

simulations of earlier 

interglacial climates

simulations on the potential 

model-dependencies

effects of different 

parameterizations

land surface 

evaporation

transpiration and albedo

configuration of 

ice-sheet 

changes
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Future climate 
scenarios by 
using the RCP 

higher resolution of 
model

RCP: Representative Concentration Pathways 



Homework: 
http://vo.imcce.fr/insola/earth/online/earth/online/index.php 





time eccentricity climatic precession obliquity insolation

• Copy paste in notepad
• Save it as .txt
1. Open in Microsoft Excel ➔ plot it
2. Matlab



Send your homework ➔ rrachmayani@oceanography.itb.ac.id, 
rima.rachmayani@gmail.com➔ .pdf or .docx ➔ paleo_work_yourname➔ before the 
Friday lectures
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Tell me your opinion 
about future 
climate!

mailto:rrachmayani@oceanography.itb.ac.id
mailto:rima.rachmayani@gmail.com

