o1~

~N o

10
11

12
13

14

15

16
17
18

19
20

21
22

Geophysical Research Letters
Supporting Information for

Coastal Mountains Amplified the Impacts of Orbital Forcing on East Asian Climate in the
Late Cretaceous

Jian Zhang®, Sascha Flégel?, Yongyun Hu!, Anni Zhao', Runjian Chu®, Chenguang Zhu*, and
Chengshan Wang®

lDepartment of Atmospheric and Oceanic Sciences, School of Physics, Peking University, Beijing, China.
2GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany.

%State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences Beijing, Beijing,
China.

4Department of Atmospheric Science, School of Environmental Studies, China University of Geosciences, Wuhan,
China.

Contents of this file

® TextSltoS2
® Figures S1to S5
® TableS1



23
24
25
26
27
28
29
30

31
32

Text S1. Paleogeography and Paleovegetation

Paleogeography (Figure S1a) and paleovegetation (Figure S1b) of ~90 Ma modified from
Sewall et al. (2007) are used in this study. Following the manual provided by NCAR
(Rosenbloom et al., 2011), the topography and bathymetry were smoothed and the mid-ocean
ridges were removed to get rid of the singularity. Some very small land patches are removed, and
a small land area (~170 °E-170°W) was added around the paleo-Arctic Ocean. Based on Liu et al
(2013), these modifications have little influence on surface climate, but can help alleviate

convergence difficulties of the ocean.
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Text S2. Description for detailed setting of modeling experiments

CFCs concentrations are set to 0, and CH, and N,O are set to 760 ppbv and 270 ppbv,
respectively. All other atmospheric constituents including Oz and aerosols are set to preindustrial
levels, i.e. the default values of the CESM1.2.2. Although CO, concentration during the
Cretaceous could have varied greatly (Bice and Norris, 2002; Huber et al., 2002; Wang et al.,
2014), it has been shown that the Asian climate during the Cretaceous was not sensitive to
changes in pCO, (Farnsworth et al., 2019; Zhang et al., 2019). We use a relatively high value of
1120 ppmv, which is close to reconstructed values for the early Late Cretaceous (Foster et al.,
2017).

The three coupled experiments are run for 3000 model years in order for the global climate
to reach statistical equilibrium. The monthly sea surface temperatures (SSTs) and sea ice fractions
are averaged over the last 100 years, which are used as the boundary condition for the other three
uncoupled experiments in the same set. All 9 uncoupled experiments equilibrate quickly (less
than a few years), so they are run for only 25 model years. The last 20 years of data were

analyzed and presented in this study.
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Figure S1. Paleogeogrpahy (a) and paleovegetation (b) modified from Sewall et al. (2007). In
Panel b, numbers 0 is for the ocean, 1 for the land ice, 3 for the high altitude/latitude evergreen
conifer closed canopy forest, 6 for the high altitude/latitude mixed forest with equal percentage
broad vs needle leaf and evergreen vs deciduous, 10 for the closed canopy, broad leaved, moist
evergreen forest, 11 for the closed canopy, broadleaved, dry deciduous forest, 12 for the savanna
(dry, low understory with sparse broad leaved overstory), 15 for the high altitude/latitude moist,
open canopy evergreen forest with shrub understory, 20 for the wet or cool shrubland (evergreen),
and 21 for the dry or warm shrubland (deciduous). These are the same as the Land Surface Model
(LSM) vegetation types.
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(b) OrbB northern fall equinox
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Figure S2 Orbital configurations for the control set (Set A, a) and sensitivity sets (Set B, b; and

Set C, c) of experiments.
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Figure S3 Annual variation in downward solar fluxes (W m™) at the top of the atmosphere
averaged over latitudes 20-40 °N for different orbital configurations.
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Figure S4 East Asian regional topography (the red rectangle in Figure S1a). The altitude of the
coastal mountain range is 0 km (a), 2 km (b) and 4 km (c). The meridional mountain range

extends from 20 °N to 40 °N.
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Figure S5 Zonal-vertical cross sections of total diabatic heating during summer (shaded; units: K
d™) and vertical velocity (vectors; units: x0.01 Pa s™) averaged within 20-30 °N. Top panels:
differences between experiments with coastal mountains of 2 km and 0 km high. Bottom panels:
differences between experiments with coastal mountains of 4 km and 0 km high. From left to
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right are the conditions in Set A, Set B, and SetC, respectively.
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Table S1 Orbital setting and topography of experiments

Experiments Orbital configuration Topographical descriptions

Low-resolution coupled experiment without coastal mountains
OrbA_Cpl .

(Figure Sla)

High-resolution atmospheric experiment without coastal mountains
OrbA_Okm Obliquity=23.5

(Figures Sla and S4a)

Eccentricity=0.

High-resolution atmospheric experiment with coastal mountains of 2
OrbA_2km (Figure S2a) )

km (Figure S4b)

High-resolution atmospheric experiment with coastal mountains of 4
OrbA_4km )

km (Figure S4c)
OrbB_Cpl Obliquity=24.5, Same as the Experiment OrbA_Cpl
OrbB_0Okm Eccentricity=0.066, Same as the Experiment OrbA_Okm
OrbB_2km Precession=270 Same as the Experiment OrbA_2km

Fi 2
OrbB_4km (Figure $2b) Same as the Experiment OrbA_4km
OrbC_Cpl Obliquity=22.5, Same as the Experiment OrbA_Cpl
OrbC_0Okm Eccentricity=0.066, Same as the Experiment OrbA_Okm
OrbC_2km Precession=90 Same as the Experiment OrbA_2km
Fi S2

OrbC_4km (Figure $2¢) Same as the Experiment OrbA_4km
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