Getting Warmer
Albedo Change as a Consequence of Sea Level Rise
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Global warming is causing the global mean sea level (GMSL) to rise, which may in turn have consequential second order effects. The primary
drivers of sea level rise are thermal expansion of sea water, and the melting of land ice—predominantly in Greenland and Antarctica. NASA,
using gravitational recovery methods to track the changing distribution of mass on Earth, has found that GMSL is rising at a rate of 3.2
millimeters per year. The rate is likely to increase with increasing greenhouse gas emissions, and ice sheets melting faster in response to an
even warmer climate. The International Panel on Climate Change (IPCC) estimates GMSL rise of 0.2 - 2.0 meters by 2100.
It is hypothesized here that a consequence of sea level rise will be a further reduction in Earth’s albedo—the proportion of solar radiation that
is reflected by a surface – which will in turn accelerate global warming. Water has a low albedo (.06), so reflects only 6% of solar energy and
absorbs the rest. Most land surfaces have higher albedos. For example, deciduous broadleaf forests have an albedo of .18, while fresh snow
has an albedo of 0.8. The average albedo of the Earth’s surface is approximately 0.31. The primary impact of global warming on earth’s albedo
is the melting of ice in the high latitudes. A secondary impact is that globally, some coastal areas which have a higher albedo, will become
inundated by rising sea water with a lower albedo. As a consequence, there will be further reductions in Earth’s average albedo.

Class: Advanced GIS Date: April 29th, 2019
Data Sources: Digital Elevation Model (DEM) of Massachusetts and
Sri Lanka; Land Use Tiles of Massachusetts and Sri Lanka; County
Polygon Feature Class of Massachusetts; Journal of Geophysical
Research: Albedo Values for Land Cover Types
Projection: NAD 1983 State Plane Massachusetts Mainland FIPS 2001

Martha’s Vineyard is a small island, so has a disproportionately large amount of coastline compared its area. Its albedo
will therefore be more affected by coastline inundation than larger land masses. That is to say, large islands, countries,
and continents will have a smaller coastline:area ratio, so will be affected less. The albedos of Eastern Massachusetts
and Sri Lanka were calculated using the same methods to illustrate this concept. To calculate projected albedo values,
transgression was accounted for, and a high resolution DEM was used to ensure more accurate results.
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Figure 10. Martha’s Vineyard Albedo Cells

Eastern Massachusetts

The goal of this project is to develop a method for predicting changes in albedo due to sea level rise, and to evaluate if the changes are large
enough to add significantly to global warming. Performing calculations on global rasters with a high enough resolution to be useful is
computationally intensive. Therefore, to develop the method, a smaller area will be used as a test case: Martha’s Vineyard.
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Methods
Calculation 1: Current Albedo

Initial Results

Figure 11. Eastern Mass Albedo Cells
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1. Martha’s Vineyard Current Albedo: 0.1630
2. Martha’s Vineyard Projected Albedo:
1 meter sea level rise: 0.1593
2 meter sea level rise: 0.1548

Figure 12. Sri Lanka Albedo Cells

Model Accuracy Consideration 1:
Transgression of Beaches/Coasts
Figure 2. Land Use Cells of Martha’s Vineyard

Figure 1. Satellite Image of Martha’s Vineyard

Figure 3. Albedo Cells of Martha’s Vineyard

A land use tile with 16 classes of land use was
projected, and clipped to the extent of Martha’s
Vineyard. Land use values for 5m x 5m cells were reclassified to albedo values using a table of albedo
values found empirically from various global
research projects. (references). The resulting map is
5m x 5m albedo raster of Martha’s Vineyard.
Averaging the albedo for each cell gives the average
albedo of Martha’s Vineyard.

As sea levels rise slowly, beaches and shore
faces are not simply replaced by sea water, but
retrograde inland, as do the transition zones
and other inland land types. The net effect is
that sea water is not replacing beach, but
replacing inland land types, such as forests. An
approximation that accounts for this effect, is
to model the change in albedo due to flooding
as the difference between the average albedo
of the island and the albedo of sea water. To
do this approximation in excel, the area and
albedo of the coastline was left alone, but a
percentage of inland land was converted to the
albedo of sea water. The retrograde
approximation results in a larger predicted
change in albedo, because the areas that are
effectively replaced by flood water had higher
albedo than the coastline.

This relationship—change in albedo due to coastal inundation as a function of the ratio of coastline to land area— appears to
be roughly linear. The larger the landmass, the smaller the coastline to land area ratio and the smaller the change in albedo.
These results can be extrapolated to the world to calculate the global albedo change as a consequence of 2 meter sea level rise.
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Landmasses make up 29% of Earth’s surface, the rest is covered in water. Therefore, Earth’s albedo change will be .29 times the
albedo change for all landmasses on Earth.
Change in Albedo
.000125*.29 = 3.63*10-5

1 meter sea level rise: 0.1581
2 meter sea level rise: 0.1529

Two maps were developed, showing a mid-range IPCC
prediction of 1 meter GMSL rise and a more extreme
projection of 2 meter GMSL rise. A digital elevation
model of Massachusetts was clipped to the extent of
Martha’s Vineyard using the Dukes county polygon selection.
Figure 4. Model for Martha’s Vineyard Current (Top) and Projected (Bottom) Albedo
A raster calculation was used to create a new raster showing areas
less than or equal to 1 meter above current sea level, and areas above that elevation. The albedo raster from part one was tabulated for both
the “under 1 meter” flood zone and the “above 1 meter” zone. The result is a table showing the areas for each albedo value below one meter
or above 1 meter. After importing the table to excel, the areas below 1 meter were converted to have the albedo of sea water (.06), and the
new average albedo of Martha’s Vineyard was calculated. This procedure was repeated for a 2-meter sea level rise.

Significance

Model Accuracy Consideration 2:
Resolution Differences
Another potential source of error in this
model is the different resolutions of the
data sets. The digital elevation model
(DEM) used has 5 x 5 meter resolution,
whereas the land use tile resolution is
437 x 437 meters when projected. To
explore the effect of different
resolutions, the resolution of the DEM
was changed to 437 x 437 meters. A
lower resolution raster (larger cells)
results in a smaller predicted change in
albedo, because the model calculates a
smaller land area under 1 or 2 meters,
changing less coastline to water.

To assess the significance of the projected albedo change that results from coastal inundation, the effect will be compared to
the greenhouse gas effect in the year 2100. The IPCC estimates that CO 2 concentration will be between 478 and 1099 ppm in
the year 2100. The large range is due to uncertainties in estimating factors like global population and global GDP. The average
of these estimates is roughly a doubling of current atmospheric CO2 concentrations to 800 ppm. Conveniently, climate
sensitivity is defined as the increase in global surface temperature due to a doubling of atmospheric CO 2 levels. This number is
notoriously difficult to approximate, but the majority of studies that examine paleoclimate data show climate sensitivity to be
around 3 ֯C.
This study has estimated an increase of 3.6*10-5 in Earth’s albedo. To convert this change in albedo to a temperature change,
the following calculations were done:
Incoming Solar Energy = Outgoing Energy

L(1-α)/4 =

εsTe4
2

1 meter sea level rise: 0.1609
Figure 6. 1 Meter above Sea Level Zone overlaying Albedo
Cells in Martha’s Vineyard

Figure 7. 2 Meters above Sea Level Zone overlaying Albedo
Cells in Martha’s Vineyard

2 meter sea level rise: 0.1579

L = 1361 W/m2
α= 0.31

L = Luminosity (W/m )

Δα= -3.6*10-5

α = Albedo

ε = 0.8

ε = Emissivity of Earth

σ = 5.67 x 10-8

σ = Stefan-Boltzmann constant (W/m2K4)
Te = Temperature of Earth (K)

Figure 9. 2 Meters above Sea Level Zone overlaying Low
Resolution DEM in Martha’s Vineyard

Rearranging:
∆T = 0.0035 K

Martha’s Vineyard Projected Albedo using Low Resolution DEM:
Figure 5. Digital Elevation Model for Martha’s Vineyard

Change in Albedo

Earth
Figure 8. Transgression Diagram

Calculation 2: Projected Albedo
2100

Coastline (m)

Taking the derivative:

0.0035 K is 1/857th the size of 3 K, the temperature change
caused by greenhouse gas warming. The temperature effect
of coastal inundation would add an additional .12% to the
Earth’s overall warming.

