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Abstract. We update the forcings for the PMIP3 experiments
for the Last Millennium to include new assessments of historical land use changes and discuss new suggestions for calibrating solar activity proxies to total solar irradiance.

1

Introduction

Our previous paper (Schmidt et al., 2011) (hereafter v1.0) attempted to characterise the known forcings over the period
850 CE to 1850 CE (the Last Millennium or LM) for use
in the Paleoclimate Model Intercomparison Project Phase III
(PMIP3 http://pmip3.lsce.ipsl.fr/) simulations (Otto-Bliesner
et al., 2009). Subsequent to its publication, a number of new
reconstructions have been published, and this update aims to
document the addition of these reconstructions to the PMIP3
database.

The first update is to include the Kaplan et al. (2011) reconstruction of land use and land cover changes. The second
update is to discuss recent suggestions for the calibration of
the grand solar minima in the solar proxy data to solar irradiance (Shapiro et al., 2011; Schrijver et al., 2011; Foukal
et al., 2011). Finally, we update the Supplement to include
these new reconstructions and correct a minor typographic
error in the net radiative forcing file in the earlier version.

2

Land Use/Land Cover (LULC) update

Prior to the 20th century, most estimates of anthropogenic
Land Use/Land Cover (LULC) changes are based on population estimates and assumptions about per capita land use
combined with historical data (such as maps of agricultural
areas). Kaplan et al. (2011) introduce the “Kaplan and

Published by Copernicus Publications on behalf of the European Geosciences Union.

G. A. Schmidt et al.: Climate forcings for the Last Millennium: v1.1

Krumhardt 2010” LULC reconstruction (henceforth KK10)
based on very different assumptions than the Pongratz et al.
(2008) dataset (hereafter PEA) described in v1.0. Furthermore, the HYDE 3.1 database (Hurtt et al., 2009) has recently been extended back in time before 1500 (as far back
as 12 000 BP) (Klein Goldewijk et al., 2011).
Pongratz et al. (2008), Hurtt et al. (2009), and Klein Goldewijk et al. (2011) reconstruct agricultural area (pasture and
cropland) and (in the PEA case) associated changes in natural forests, grasslands, and shrublands. These studies extend
agricultural maps of the last few centuries back in time by
calculating per-capita use of agricultural land. Calculations
are done on a country-by-country basis, which takes into account differing per-capita use of agricultural land across regions (depending on local crop types, agrotechnology and on
the importance of agriculture as compared to hunting, gathering, and fishing). Uncertainty estimates in these per-capita
values can be estimated through time based on literature values to account for evolution of agrotechnology and changing
fractions of population living in an agrarian system; the high
and low estimates of the uncertainty range in Pongratz et al.
(2008) account for these changes and their uncertainties in
each region of the world, while in their mid-range scenario
the per-capita land use is kept constant. By contrast, the
KK10 dataset reconstructs changes in forest cover, by correlating population density and forest cover derived from literature values for 6 European countries for the last 3000 yr
(Kaplan et al., 2009). The European population densityforest cover relationship is then applied to the rest of the
world, adjusted in the tropics for higher natural productivity of vegetation (Kaplan et al., 2011). All the reconstruction
methods largely rely on the similar historical population estimates, however, strictly speaking the two approaches reconstruct different quantities. Being based on agricultural extent,
the PEA and HYDE datasets reconstruct permanent changes
in land cover, i.e. a change in vegetation type from natural
forest, shrub and grassland to agriculture (cropland and pasture), and back again if agricultural area is abandoned. On
the other hand, KK10 is based on forest cover data and thus
can also include clearing of forest without a change in vegetation type (for instance, forest areas that are cleared for fuel
and construction wood, mining, etc., without subsequent use
for agriculture), that might have regrown.
Figure 1 shows the combined crops and pastures change
in the KK10, PEA and extended HYDE 3.1 datasets. The
KK10 data have been extended from 1850 to the present using a hybrid merge procedure with the HYDE data. For grid
boxes where land clearance values intersect prior to 1850,
the HYDE data are used after the point of intersection, otherwise, a linear interpolation from the 1850 KK10 value to the
present day HYDE value is used (J. Kaplan, personal communication, 2011).
The differences between the reconstructions are quite
large. Overall, anthropogenic land use changes are inferred
to be much larger in the KK10 data and at earlier dates. At the
Geosci. Model Dev., 5, 185–191, 2012
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et al. (2008) (PEA) and the extended HYDE 3.1 (Hurtt et al., 2009; Klein Goldewijk et al., 2011) datasets.
and Krumhardt 2010” (KK10), Pongratz et al. (2008) (PEA) and
the extended HYDE 3.1 (Hurtt et al., 2009; Klein Goldewijk et al.,
KK10 dataset reconstructs changes in forest cover, by correlating population density and forest cover
2011) datasets.
derived from literature values for 6 European countries for the last 3000 years (Kaplan et al., 2009).
The European population density-forest cover relationship is then applied to the rest of the world,
adjusted in the tropics for higher natural productivity of vegetation (Kaplan et al., 2011). All the
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atmosphere radiative balance in model control runs.
It is clear from Fig. 4 that the inclusion of the Shapiro et al.
(2011) results makes the potential envelope of solar radiative forcing much larger than previously (cf. Fig. 9 in v1.0),
which will undoubtedly lead to a greater response in model
temperatures. Initial tests with a model of intermediate
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Fröhlich, C.: Evidence of a long-term trend in total solar irradiance, Astron. Astroph., 501, L27–L30, doi:10.1051/00046361/200912318, 2009.
Gao, C. C., Robock, A., and Ammann, C.: Volcanic forcing
of climate over the past 1500 years: An improved ice corebased index for climate models, J. Geophys. Res., 113, D23111,
doi:10.1029/2008JD010239, 2008.
Haigh, J. D., Winning, A. R., Toumi, R., and Harder, J. W.: An
influence of solar spectral variations on radiative forcing of climate, Nature, 467, 696–699, doi:10.1038/nature09426, 2010.
Harder, J. W., Fontenla, J. M., Pilewskie, P., Richard, E. C., and
Woods, T. N.: Trends in solar spectral irradiance variability
in the visible and infrared, Geophys. Res. Lett., 36, L07801,
doi:10.1029/2008GL036797, 2009.
Hathaway, D., Wilson, R., and Reichmann, E.:
The
shape of the sunspot cycle, Solar Phys., 151, 177–190,
doi:10.1007/BF00654090, 1994.
Hurtt, G. C., Chini, L. P., Frolking, S., Betts, R., Feedema, J.,
Fischer, G., Goldewijk, K. K., Hibbard, K., Janetos, A., Jones,
C., Kindermann, G., Kinoshita, T., Riahi, K., Shevliakova, E.,
Smith, S., Stehfest, E., Thomson, A., Thorton, P., van Vuuren,
D., and Wang, Y.: Harmonization of Global Land-Use Scenarios for the Period 1500-2100 for IPCC-AR5, Integrated Land
Ecosystem-Atmosphere Processes Study (iLEAPS) Newsletter,
7, 6–8, 2009.
Kaplan, J. O., Krumhardt, K. M., and Zimmerman, N.: The prehistoric and preindustrial deforestation of Europe, Quat. Sci. Revs.,
28, 3016–3034, 2009.
Kaplan, J. O., Krumhardt, K. M., Ellis, E. C., Ruddiman, W. F.,
Lemmen, C., and Klein Goldewijk, K.: Holocene carbon emissions as a result of anthropogenic land cover change, Holocene,
21, 775–791, doi:10.1177/0959683610386983, 2011.
Klein Goldewijk, K., Beusen, A., van Drecht, G., and de Vos,
M.: The HYDE 3.1 spatially explicit database of human-induced
global land-use change over the past 12,000 years, Global Ecol.
Biogeogr., 20, 73–86, doi:10.1111/j.1466-8238.2010.00587.x,
2011.
Kopp, G. and Lean, J. L.: A new, lower value of total solar irradiance: Evidence and climate significance, Geophys. Res. Lett.,
38, L01706, doi:10.1029/2010GL045777, 2011.
Krivova, N. A., Vieira, L. E. A., and Solanki, S. K.: Reconstruction of solar spectral irradiance since the Maunder Minimum, J.
Geophys. Res., 115, A12112, doi:10.1029/2010JA015431, 2010.
Krumhardt, K. M.: Methodology for worldwide population estimates: 1000 BC to 1850, Tech. Rep. ARVE Technical Report 3, École Polytechnique Fédérale de Lausanne, Dept. of
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Steinhilber, F., Beer, J., and Fröhlich, C.: Total solar irradiance during the Holocene, Geophys. Res. Lett., 36, L19704,
doi:10.1029/2009GL040142, 2009.
Svalgaard, L. and Cliver, E. W.:
Heliospheric magnetic field 1835–2009, J. Geophys. Res., 115, A09111,
doi:10.1029/2009JA015069, 2010.
Unruh, Y. C., Ball, W. T., and Krivova, N. A.: Solar Irradiance
Models and measurements: a comparison in the 220 nm to 240
nm wavelength band, arXiv: 2011arXiv1111.2068U, 2012.
Vieira, L. E. A., Solanki, S. K., Krivova, N. A., and Usoskin, I.:

www.geosci-model-dev.net/5/185/2012/

G. A. Schmidt et al.: Climate forcings for the Last Millennium: v1.1
Evolution of the solar irradiance during the Holocene, Astron.
Astroph., 531, A6, doi:10.1051/0004-6361/201015843, 2011.
Volobuev, D.: The Shape of The Sunspot Cycle: A One-Parameter
Fit, Solar Phys., 258, 319–330, doi:10.1007/s11207-009-9429-3,
2009.

www.geosci-model-dev.net/5/185/2012/

191

Wang, Y., Cheng, H., Edwards, R. L., He, Y., Kong, X., An, Z., Wu,
J., Kelly, M. J., Dykoski, C. A., and Li, X.: The Holocene Asian
Monsoon: Links to Solar Changes and North Atlantic Climate,
Science, 308, 854–857, 2005.

Geosci. Model Dev., 5, 185–191, 2012

