GOES-16/17 Level 2 Job Aid

Split Window Difference (10.3 pm —12.3 um)
Uses: Low-level Moisture detection, Dust Detection

Performance Objective:

O Using AWIPS in an operational setting, analyze the GOES-R Series Moisture Difference
(also known as the Split Window Difference — SWD) product to identify and differentiate
regions of moisture and drying.

O Discover how the Split Window Difference compares to the Derived Stability indices.

O Using AWIPS in an operational setting, analyze the GOES-R Series Split Window
Difference to identify regions of Dust in the atmosphere.

Ideal Case Setting:
0 Clear skies in a region of moisture convergence over the Plains. Alternatively, a region
of moisture advection, or a moisture gradient.
0 Clear skies are a requirement.
0 Strong winds that are able to loft dust into the atmosphere.

Data Integration:

When you are using the Split Window Difference to identify moisture gradients, it is
important to understand how changes in the boundary layer and in stability can affect this
product. An excellent reference on this product is here: Lindsey, D. T. et al., 2014: Use of the
GOES-R Split-Window Difference to Diagnose Deepening Low-Level Water Vapor, J. Applied
Meteorology and Climatology, 53, 2005-2016. Moisture changes as shown in clear skies by the
Split Window Difference will also appear in some derived stability indices (Lifted Index, or
Convective Available Potential Energy (CAPE), for example. The SWD is part of the Saharan Air
Layer (SAL) identification too, highlighting the dry air that moves off Africa into the eastern
North Atlantic. If you are using SWD to identify dust — does it also appear in the visible imagery,
or in the Aerosol Detection Product (ADP)? As always, consider the synoptic environment: is
low-level moisture present? Are winds strong enough to loft dust? Is the event happeningin a
regime that climatologically prefers dust (be careful about unusual events!)? If you're detecting
moisture, do models suggest moisture convergence at low levels? Are there gradients? What
do surface observations and PIREPs show?

0 Compare the SWD to Derived Stability Indices. Changes in the SWD should show up in
the Derived Stability Indices as well, especially for those that are related to moisture.
0 The SWD is the ‘red’ component of the Ash and Dust RGB and the Nighttime

Microphysics RGB. Loading the SWD along with the RGB can help in understanding the

colors displayed in the RGB.

Introduction/Background:

Compared to the 10.3 pm ‘Clean Window’ Channel, the ‘Dirty Window’ 12.3 um Channel
is in a region in the electromagnetic spectrum of greater absorption by water vapor.
Conversely, the ‘Clean Window’ is a region of the electromagnetic spectrum where there is
more absorption by silicates than in the ‘Dirty Window’. Thus, the Split Window Difference is
Positive if there is significant moisture in the atmosphere : the 12.3 um Brightness Temperature
will be cooler than the 10.3 um Brightness Temperature because of water vapor absorption.
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The Split Window Difference is negative in regions of dust : the 10.3 um Brightness
Temperature will be cooler than the 12.3 um Brightness Temperature because of silicate
absorption. The Split Window Difference can therefore be used to detect regions of dust, or
regions of moisture. Figure 1 below shows a dust example, and Figure 3 shows a moisture
example.

An important caveat for the Split Window Difference for moisture: Values will change as the
boundary layer heats up during the day, because the SWD is very sensitive to skin temperature.
This evolution is fairly common over Florida, for example, in the morning. It is the gradient of
the field that can be important, not necessarily the absolute value.

e

Figure 1: From left to right, GOES-16 ABI Band 47 pm), Band 13 (10.3 pm), Band 15 (12.3 pm

Split Window Difference at 1502 UTC on 17 April 2018 (Top) and 1957 UTC on 17 April 2018 (Bottom). The
Brown enhancement shows SWD < 0 where dust is present in eastern Colorado. For more on this event, see
this link from Bill Line, WFO PUB.

The figures below show the Split Window Difference across a dryline in Texas, using
simulated imagery. (Figures taken from the Lindsey et al. paper noted above)
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Figdre 2: Split-Window Difference (whit) and Lapse Rate (Black) in a moisture cross section

The SWD maximizes on the moist side of the dryline where moisture convergence is occurring
and where the depth of the moist layer is deepest.


https://satelliteliaisonblog.com/2018/04/17/high-winds-across-colorado/

Figure 3: From left to right, GOES-16 ABI Band 1 (0.47 pm), Band 13 (10.3 pm), Band 15 (12.3 pm) and Split
Window Difference at 1547 UTC on 15 June 2017 (Top) and 1847 UTC on 15 June 2017 (Bottom). The red
enhancement shows an axis of maximum SWD > 0 where moisture is pooling over west-central Kansas
(highlighted by arrows); convection initiates along this axis.

The figure above shows a sinuous maximum in the split window difference in clear skies over
Kansas in June 2017. Convective initiation occurs along this line, and the storm that formed
deposited 4-inch hail! This example is ideal because it occurred in clear skies. For more
information on this event, see this link from Bill Line, WFO PUB and this BAMS article from
Dan Lindsey, Dan Bikos and Lewis Grasso.

AWIPS Activity: Load the Data.
O For a Dust Event:

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
Split Window Difference (10.3 — 12.3 um) product.

O In a separate 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 just loaded, load up the Dust RGB and the Ash RGB.

O In aseparate pane, or editor, under the GOES-East (or GOES-West) Satellite
Menu, navigate to the Band 1 (0.47) “Blue Band” image and load that up as well.
Do the same for the Baseline Aerosol Detection Product.

O For a pre-convective event, or for an event where a moisture gradient is important

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
Split Window Difference (10.3 — 12.3 um) product.

O In a separate 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 just loaded, load up the Nighttime Microphysics RGB.

O In a separate pane, or editor, under the GOES-East (or GOES-West) Satellite
Menu, navigate to the Derived Stability Indices menu and load up the Lifted
Index, and the Convective Available Potential Energy (CAPE).


https://satelliteliaisonblog.com/2017/06/15/central-plains-severe-15-june-2017/
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AWIPS Activity: Questions.

For Dust: Identify how the Split Window Difference outlines regions of blowing

dust.

1.

2.

4,

Dust has to achieve an optical thickness before it absorbs enough 10.3 pm energy to
create an obvious signal. Also, High cirrus can mask regions of blowing dust. Does the
SWD in your case delineate all regions of blowing dust? Why or why not?

The SWD might show greater regions of dust than the Aerosol Detection Product
(ADP), mostly because dust may be misclassified as clouds in the ADP algorithm, and
ADP detects aerosols in clear skies only. Does the SWD agree well with the Aerosol
Detection Product? Why or why not?

Visible imagery might better detect dust at low sun angle (at sunrise or sunset)
because dust forward-scatters effectively. It back-scatters (as occurs when the Sun is
high in the sky, around noon) with less effectiveness. Differences in absorption of
10.3 um and 12.3 um radiation that drive the SWD detection of dust are independent
of solar zenith angle. Does the SWD better detect blowing dust than visible imagery?
Is this true at all times of the day?

Do the RGBs that use the SWD enhance the information resident in the SWD? How?

For Low-Level moisture: Identify where the SWD is highlighting pooling of
moisture before the onset of convection.

1.

The Split Window Difference highlights moisture axes and gradients. Past experience
shows that convection will fire preferentially either along the gradient, or along the
moist axis. Does the SWD in your case highlight regions where convection later
initiates?

Derived Stability Indices start with a GFS model-derived first guess field that is altered
by satellite observations. Satellite observations of mid-tropospheric moisture are
from the three water vapor channels. Mid-tropospheric temperature is poorly
observed by the GOES-R ABI. Note also the horizontal scale! SWD is at native
(nominal 2-km) resolution. Derived Stability Indices have nominal 10-km resolution.
Does the SWD agree well with the Derived Stability Indices? Why or why not?



3. An animation of SWD will likely show values increasing as the morning inversion
erodes because SWD is linked to skin temperature. Are there changes in SWD that
you can attribute the boundary layer changes?

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 sharpening of
horizontal gradients?

2.) Which RGBs use the Split Window Difference as a component? Describe why they are
used; thatis, why does the RGB require this Brightness Temperature Difference to
function? What is the SWD bringing to the RGB?

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



