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On response of Surface Equilibrium Temperature for Change
of Surface Characteristics : An EBM Study
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Abstract : Energy Balance Model (EBM) was used to experiment the distribution of surface
equilibrium temperature which responds to external forcing associated with the surface
characteristics. Surface equilibrium temperature is calculated as sum of incoming solar radiation
and latitudinal transport is balanced with outgoing infrared radiation. To treat incoming solar
radiation, the source of the earth energy, significantly for energy balance, the experiment for
surface equilibrium temperature distribution was performed considering the energy balance with
the latitudinal albedo change as well as land and sea distribution. In addition, linear albedo
change experiment, arctic albedo 5%, 10%, 15% change experiments and the opposite albedo
change experiments between arctic and mid-latitudes were performed using incoming solar
radiation as an external forcing. Moreover, with and without ice-albedo feedback experiments
were performed.

Increasing of arctic albedo is blocked out the incoming solar radiation so that it induces
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decreasing of latitudinal heat transport. It is strengthened energy transport from low latitudes by
keeping arctic low energy states. Therefore the temperature change in the mid-latitudes exhibits
larger response than that of arctic due to the difference of transport. The land which has lower
heat capacity than sea can be reach to equilibrium temperature shortly. Also land is more
sensitive to temperature change with respects to albedo. Thus it induces the thermal difference
between land and sea. As a result, the equilibrium temperature exhibits differently as the
difference of albedo and heat capacity which are the one of surface characteristics. Surface
equilibrium temperature decreases as albedo increase and the ratio of temperature change is large
as heat capacity is small. The decreasing of surface equilibrium temperature with respects to
increasing of linear albedo is accelerated by ice-albedo feedback. However local change of
surface equilibrium temperature decreases non-linearly.
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(a) Albedo Change Experiments
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Fig. 1. Experiment design for (a) arctic albedo change and (b) arctic and mid-latitudes albedo change. Each line denotes that the

ratio of albedo change with respects to mean albedo.
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Table 2. Properties of soil components at 293K. (Hartmann, 1994)

Specific heat (cp) (-kg'-KD | Density (p) (kg - m?) P, J-m3-KbH
Soil inorganic material (desert) 733 2600 1.9% 100
Soil organic material (land) 1921 1300 2.5x10°
Water (sea) 4182 1000 42100
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Fig. 2. Latitudinal distribution of the surface equilibrium temperature associated with solar insolation change.
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(a) Albedo increase ?xperiment ; (b) Albedo decrease experiment
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Fig. 3. Latitudinal distribution of the surface equilibrium temperature associated with (a) increase of albedo, (b) decrease of albedo
over the Northern Hemisphere.
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Fig. 4. Latitudinal distribution of the surface equilibrium temperature associated with (a) 15% arctic albedo change and (b) arctic
and mid-latitudes 15% albedo change over the Northern Hemisphere.
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Table 3. Global mean temperature associated with the change of albedo (¢) experiments.

Polar Polar and mid-latitude
Increase o ‘ Decrease & | Increase & (polar), Decrease ¢ (mid-latitude) ‘ Decrease a (polar), Increase ¢ (mid-latitude)
Mean 15.2781
5% 15.1501 15.4313 15.6391 14.9249
10% 15.0414 15.6904 16.0303 14.5572
15% 14.9238 15.9746 16.4048 14.2459
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Fig. 5. Distribution of the surface equilibrium temperature of (a) land-sea, (b) desert-sea, (c) desert-land-sea experiments over the
Northern Hemisphere. Dashed lines mean the surface boundary of land, sea, and ice.
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and dashed lines mean negative value. Contour interval is 4.

-9.
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