GOES-16/17 Level 2 Job Aid

Night Fog Brightness Temperature Difference
Uses: Fog and Stratus Detection at night

Performance Objective:

O Using AWIPS in an operational setting, analyze the GOES-R Night Fog Brightness
Temperature Difference product to identify and differentiate low stratus/fog, cirrus and
convective cloud tops.

O Discover how the Night Fog Brightness Temperature Difference is integrated into RGB
products.

Ideal Case Setting:
0 Radiation Fog. River Fog. This can be demonstrated with Advection Fog as well.
0 This Brightness Temperature Difference will not detect low clouds if high clouds block
the view.

Data Integration:

When you are using the Night Fog Brightness Temperature Difference (10.3 um —3.9
um) to find fog, it is important to consider whether or not the stratiform clouds being detected
are actually in contact with the ground. After all, the satellite cannot accurately gauge the
depth of a stratiform cloud using infrared data only. Thus, consider the synoptic environment:
is sufficient low-level moisture present? Are winds light? Is the signal constrained by
topographic features, especially features that might include relatively warm water? Or, is
moisture moving over a cold surface? Do models suggest saturation near the surface? What
do surface observations and PIREPs show? Is the event happening in a regime that
climatologically prefers fog (be careful about unusual events!)?

O GOES-R IFR Probability fields combine satellite emissivities (from 10.3 um and 3.9 um)
and Rapid Refresh model data. This mitigates the issue of high clouds blocking the view
of low clouds because the Rapid Refresh data supplies information and also the issue of
elevated stratus because the Rapid Refresh data shows no low-level saturation.

0 The Night Fog Brightness Temperature Difference is a key component of the Nighttime
Microphysics RGB. Loading both of the products can help in understanding the colors
displayed in the RGB.

Introduction/Background:

The Night Fog Brightness Temperature Difference (10.3 um - 3.9 um) highlights regions
of clouds made up of water droplets (that is, stratus). Stratiform clouds show as positive
values at night. Positive values are blue in the default AWIPS enhancement. Cirriform clouds
show negative values and are typically black in the default AWIPS enhancement.

Why does this Brightness Temperature Difference work? A cloud that is made up of
water droplets emits energy at multiple wavelengths. The satellite detects the energy emitted
by the cloud and a brightness temperature is computed based on the radiation detected. That
conversion to a brightness temperature assumes perfect emission: that is, a blackbody. Recall
the Stefan-Boltzmann Equation: R =¢&cT# ¢ is the emissivity (1 for a Blackbody) and  is the
Stefan-Boltzman Constant: 5.67x10® Wm™T*, T is the temperature, and R is the radiance in



Watts/m2. But a cloud of water droplets does not emit 3.9 um energy as a blackbody, so the
conversion of the detected 3.9 um energy to a brightness temperature results in a colder
temperature than the same computation with 10.3 um energy (clouds emit 10.3 um energy
more nearly like a blackbody). The difference will highlight regions of clouds made up of water
droplets.

Why is the brightness temperature difference negative at night for cirrus clouds? Thin
ice clouds are mostly transparent to 3.9 um energy. That is, energy with a wavelength of 3.9
pm that is upwelling through the cloud passes through mostly unabsorbed. In contrast,
upwelling energy with a wavelength of 10.3 um is partially absorbed by the cirrus cloud, and
then re-emitted from a higher region in the atmosphere with a colder temperature.

An example of the Night Fog Brightness Temperature Difference product is shown
below.

Figure 1: GOES-16 Night Fog Brightness Temperature Difference field over Maine and Nova Scotia, 0822
UTC on 9 May 2018

AWIPS Activity: Load the Data
O Under the GOES-East (or GOES-West) Satellite Menu, navigate to Channel Differences,
and for the CONUS view you want (East, Central, West), load up the Night Fog (10.3 —
3.9 um) product.
O In aseparate pane, or editor, under the GOES-East (or GOES-West) Satellite Menu,
navigate to RGB Composites, and for the CONUS view you want — the same as for the
Night Fog product (East, Central, West) — load up the Nighttime Microphysics RGB.

AWIPS Activity: Questions

1. Some fog is very thin and the emissivity differences that this product
exploits are weak enough that the difference field shows no strong
signal. In addition, high clouds can mask regions of low clouds and
fog. In the scene you are examining, Does the Night Fog Product
delineate all regions of fog? Why or why not?



2. The Night Fog product will produce a signal in regions where stratus is
present. This cloud may not be touching the surface —that is, it may not
be fog. Are there regions where the Night Fog signal does not
correspond to significant ceiling/visibility restrictions?

3. If your forecast office (or a neighboring) CWA includes regions with
very different land surfaces — for example, White Sands, NM —the
Brightness Temperature Difference can highlight those geologic
features. Are there regions where a signal is present in the absence of
all clouds? Can you tie this signal to a specific feature?

4. Fog can sometimes be constrained by topographic features such as
valleys or rivers. Are there regions where such a signal is present in the
scene you have chosen? Where?

5. The Night Fog Brightness Temperature Difference is an important part
of the Night Time Microphysics RGB. Compare the two products and
describe what features are highlighted in the RGB that are not in the
Brightness Temperature Difference field. Why do those features stand
out? How obvious is the contribution of the Night Fog Brightness
Temperature Difference to the Night Time Microphysics RGB?

Enhancement Questions

1.) How did the temporal and spatial resolution of GOES-16/GOES-17 help define your
analysis of this situation? For example, did it help in defining the onset or erosion of the

fog?

2.) Which RGBs user the Night Fog Brightness Temperature Difference as a component.
Describe why they are used; that is, why does the RGB require this Brightness
Temperature Difference to function?

3.) List the additional datasets you used to better define regions of dense fog. How did the
integration of the satellite data and additional datasets help in examining the problem
of the day.



