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The New Eye in the Sky:
The Suomi NPP VIIRS

By Edward Liske

Recently, data from a newly launched weather
satellite has become available. The Suomi National
Polar-Orbiting Partnership satellite, or Suomi NPP
for short, is the “gap filler” satellite between the
old Polar-Orbiting Environmental Satellite (POES)
series and the next generation of polar-orbiting
meteorological satellites known as the Joint Polar
Satellite System (JPSS) scheduled to be launched in
2017. Suomi NPP is a polar-orbiting, sun-synchronous
satellite, which means that the orbit of the satellite
passes over, or near, the north and south poles

frequently over the course of a day and it passes
over the equator at the same local time every time

(IMustration 1). In this configuration, NPP can image
most places on the earth about twice a day. Suomi
NPP was launched in October 2011 and has a few
next generation instruments on board that will help
numerical weather prediction models and forecasters
produce more accurate forecasts. This article will
focus on one of the instruments, the Imager, which
takes pretty pictures of the earth from space.

lllustration 1: graphical depiction of the orbit of the Suomi NPP satellite




Satellite Terminology

Band - a certain wavelength or range of wavelengths of the electromagnet
spectrum (light) that the instrument can see.

A

Infrared - range of wavelengths invisible to the human eye with wavelengths that "
are longer than the visible wavelengths. Ranges from near (short) infrared which
is near the visible spectrum to the far (long) infrared.

Terminator - the region on the image that transitions from day to night.

Um/micrometers - unit of measurement where one micrometer is equal to 10°
meters.

Visible - the range of wavelengths that the human eye can see.

Wavelength - the measured distance between two peaks or two troughs on a wave.

The new imager on board is called the Visible/Infrared Imager/
Radiometer Suite (VIIRS, pronounced “veers”). It has a few more bells
and whistles than the old imagers on POES. For starters, it has a much
higher resolution than the POES imagers. The POES satellites can't see
anything that is smaller than 1 km (0.6 miles) across, which is barely
enough to see the smaller channels in the Panhandle like Peril Strait.
VIIRS, on the other hand, can see objects as small as 400 meters (0.25
miles) across or about four football fields long. Although it is still not
high enough resolution to see what you are doing in your backyard, it is
a vast improvement. lllustration 2 on page 3 is a comparison between
the various current generation satellite images taken on the same day
at approximately the same time in the visible wavelength of light. On
the left is an image from the Geostationary Operational Environmental
Satellite, also known as GOES. It can see objects 1 km (0.6 miles) in size
or larger in the visible light wavelengths. At right is an image from the
current POES, and at the bottom center is an image from NPP. Notice that
you can see more detail in the NPP image than in the other two images,
especially with some of the cumulus clouds that are starting to form in the
Canadian interior.

VIIRS also boasts the impressive ability to see many more
wavelengths of light than its predecessor. The POES imager is only
able to snap images in 6 different wavelengths of light ranging from the
visible to the long infrared (this includes only one visible band). VIIRS
can capture images in an impressive 21 bands, ranging from the visible
to the long infrared wavelengths (this includes nine bands in the visible
wavelengths).

With all of these new bands come some rather neat “tricks”
(algorithms) and new capabilities to make certain features on the ground
stand out. For example, the “low clouds and visibility” algorithm takes
advantage of how water clouds reflect and absorb light differently
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lllustration 2: Comparison of GOES, POES, and Suomi NPP visible imagery.
Images taken the afternoon of May 6, 2013.

compared to ice clouds. Subtracting the brightness measured from a near
infrared band from the brightness measured from a mid-range infrared
band produces an image that has the enhanced ability to highlight any
low clouds and fog that is in the image. This capability is currently used
on the older satellite images as well, but the higher resolution of VIIRS
allows us to identify where the fog is much more accurately. Illustration
3 (on page 4) shows an example of the fog image from NPP. The lighter
colors denote low clouds and fog in the Panhandle. Note that the image
has enough resolution to see the fog in the valleys and channels which
allows the forecaster to get a better idea of exactly where the fog is

and isn't. This is valuable information because low clouds and fog are
common in Southeast Alaska and weather stations that measure visibility
are very widely spaced.
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lllustration 3: NPP low clouds and fog image. Image taken April 23, 2013 at 3:06 a.m. AKDT.

Another capability of VIIRS is that one of the new bands can
highlight snow and ice on the ground compared to nearby water clouds
rather well. Illustration 4 on page 5 provides a comparison between the
band that distinguishes snow from clouds and the visible light band. The
top left picture is the regular visible image. Note that the snow in the
mountains and the clouds form one large white smear in the northern
Panhandle. The lower right image is the new band. Notice that the snow

Did you know that the Suomi NPP was named after the late Verner E. Suomi, a
meteorologist at the University of Wisconsin who is recognized widely as "the
father of satellite meteorology"?




lllustration 4: Comparison of visible
(upper left) vs 1.61 um band (lower
right). Images taken May 6, 2013 at
1:59 p.m. AKDT.

is now much darker than the nearby clouds, making it easier to separate
the two.

Also completely new with VIIRS is the day/night band. You have
probably noticed on older satellites that the visible image is completely
black at night since the imager does not have the sensitivity to detect
visible light at night. The day/night band is basically the visible band
with increased sensitivity to light at night. It sees reflected moon light,
city lights, aurora, airglow, and any other sources of light to create a
visible satellite image at night. Examples of what these images look like
are on the next page. The darker one was taken around quarter moon
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(IMlustration 5 shown below) and the other was taken near full moon
(IMlustration 6 on page 6). Notice how much the snow and clouds stand
out as well as the city lights and aurora. This promises to be a very
useful tool especially during the long winter nights that are typical for
Alaska.

This just scratches the surface of what is now available from
the Suomi NPP with its new instruments. Meteorologists are even
now discovering new ways to use the imagery using red/green/blue
combination images, or band subtraction. Also, new algorithms are being
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lllustration 5: NPP day/night band taken December 7, 2012 at 3:13 a.m. AKST.
Moon phase: first quarter.
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lllustration 6: NPP day/night band taken December 26, 2012 at 2:16 a.m. AKST.
Moon phase: near full.

developed to tease more
detailed information out
of the day/night image
during the times when
the moon is in the new
phase. We can expect
more images like these
to come as the JPSS
satellites get built and
launched (like the Suomi
NPP launch to the right)
later this decade. For
more information about
the various weather
satellites in use today or
planned for launch in the
years ahead, visit http://
www.nesdis.noaa.gov.< NASA/BIll Ingalls
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Science Night - Experiments, Fun, and More!
By Geri Swanson

Science night with elementary school students and their parents can be challenging, especially, when
there are 200 students and parents! On the other hand, it can also be a lot of fun! Three Juneau
weather forecasters spent an evening at Gastineau Elementary School in Douglas doing exactly that.
Demonstrating basic physics experiments to 8 to 12 year olds means you have to keep it simple and fun.
I was amazed at how many students could answer questions about the tests we conducted. Many were
studying weather in school and had learned several basic concepts about how weather works.

A number of other local scientists - ranging

from biologists to geologists - also gave
demonstrations throughout the school. Our group
of meteorologists had our own classroom where
we set up three stations. At the first table we had

a weather balloon and radiosondes on display,
along with our book of snowflake photos. There
were also cloud handouts with the hydrologic cycle
depicted on the back. We talked about the different
types of clouds and how they form at different
levels in the atmosphere. The temporary NWS
tattoos were also a popular item on that table.

The second table held an anemometer with a digital
read-out attached. The students could test their
strength to see how fast they could spin the cups.
We also demonstrated how clouds form using a
large jar, warm water, a bag of ice, and smoke from
a match. The students observed the water vapor
condense on the smoke particles near the top of the
jar (cloud formation!) and then fall to the bottom
as the cloud cooled down. We also offered a take-
home experiment, teaching the students how to use
a 2-liter soda bottle to make their own rain gauge.
The parents thought that was a great idea.

A family tries to spin anemometer cups as fast as
they can with just their breath.

A third table was devoted to demonstrating air pressure. My experiments displayed how air movement
can be affected by pressure and temperature. I showed the students how to make a barometer with a
plastic can or bottle, a balloon and a straw. Once made, they will be able to monitor the daily change in
air pressure with it. My favorite experiment was showing the students how air responds to warm and
cold. I began with a small bottle sealed with a balloon on the top. We then put the bottle into a bowl

of hot water and watched the balloon expand as the air inside the water also expanded. The bottle then
went into the cold water and, of course, the balloon contracted as the molecular movement in the air
slowed down. This was popular with all of the participants. It is amazing how such a simple experiment
can be such a powerful learning tool.

By the end of the evening, we had around 200 students with their parents pass through our classroom.
It was very satisfying to see the students eyes light up and then have them explain why a weather
phenomenon occurs. I can’t wait for the next Science Night! <
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Update on Monitoring Sulcide Basin Glacier Dammed Lake

By Aaron Jacobs

In the summers of 2011, 2012, and again in 2013, an unusual
flooding event call a Jokulhlaup or glacier dammed lake outburst flood (GLOF)
took place on the Mendenhall River system from Suicide Basin. A Jdkulhlaup
is an Icelandic term for a sub-glacial outburst flood that occurs once a body
of water that is being dammed by a glacier empties in its entirety. Before
2011, this kind of event had never been documented on the Mendenhall River
system of significant magnitude. During the 2011 event, experts from the
National Weather Service (NWS), University of Alaska Southeast (UAS), and
US Geological Survey (USGS) were unsure of where exactly the water was
coming from or how much water was impounded by the Mendenhall Glacier.
To accurately forecast the rise of the river and inform the public of flooding
impacts these questions needed to be answered.

Throughout the winter
of 2011-2012 there were
efforts by the USDA
Forest Service (USFS),
UAS, NWS, USGS, and
the City and Borough of
Juneau (CBJ) to build
a monitoring system
for studying this unique
event. UAS wanted
to install a lake level
sensor (water pressure
transducer) to measure
water levels and water
temperature below the
glacier surface.
Additional options
discussed to help
observe lake level changes from year to year were the installation of a camera
and/or painting lines on rocks. The lake level sensor was installed in summer
2012, but the data it provided was not in real-time.

The lake level sensor measures the force of water above the instrument,
and from this we can calculate the water level below the ice surface in Suicide
Basin. The water level fluctuates due to inputs of snow melt and precipitation.
Graph 1 on the following page shows the water temperature and lake level data
that was collected during the 2012 event. Keep in mind that the temperature
sensor is measuring the air temperature before the lake began to fill and,
as the basin filled with water, the sensor was submerged — as noted by the
temperature falling close to freezing. The data shows the height of the lake
level and the timing of when the lake level began to fall. The water pressure
transducer recorded the onset of the GLOF two days before the water level in
Mendenhall Lake began to rise.
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Graph 1 - Water temperature and lake level

The 2012 GLOF from Suicide Basin occurred on the Mendenhall River
system in early July. The river level measured at the Mendenhall Loop bridge
did not get as high as it had the previous year due to less water and the
hydrograph (Graph 2) from the USGS gauge in the Mendenhall Lake displays
the water rise for the 2011 and 2012 GLOF events. As you can see, the 2011
event shows a slightly different curve and much higher streamflow amount than
the 2012 event. Because the glacier is constantly moving and the amount of
water that melts into Suicide Basin changes annually, there is a high variability
of how much water is in the basin and the rate at which it will drain. The
variability, along with lack of real time data from the basin, made it difficult for
Hydrologists at the Alaska-Pacific River Forecast Center (APRFC) to accurately
forecast the height and timing of the crest (peak flows).

Since the summer of 2012, UAS, CBJ, NWS, and USFS have worked
jointly to develop a plan to install weather and hydrologic equipment to expand
our ability to monitor conditions in Suicide Basin. Due to the persistent winter
and large snow amounts at the installation site in spring 2013, the deployment
of the Suicide Basin station was delayed and, unfortunately, without the lake
level sensor, we were unable to measure the basin filling from snow melt. It
was evident, as witnessed by helicopter pilots, that water was rising below the
ice and filling the basin causing it to bulge before the sensor was installed.
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Graph 2 - Hydrograph of 2011 and 2012 events during 2012 GLOF

The weather and hydrologic stations were finally installed in early
June 2013 on the southwest side of Suicide Basin and began sending data -
temperature, dew point temperature, relative humidity, precipitation, and lake
level - from the water pressure transducer in the lake at the same location as
last year. The goal for this station is to show water level changes in Suicide
Basin on the NWS Juneau’s Advanced Hydrologic Prediction Service page
(http://water.weather.gov/ahps2/index.php?wfo=pajk).

The sensors did show that the water levels in Suicide Basin began falling
around June 17th. By the end of that week, the lake level fell below the sensor
level and incoming readings stopped. There was some indication from the
USGS’s Mendenhall Lake gauge hydrograph that a Jokulhlaup did occur. Water
was still being impounded in the basin as the bulge in the middle of the basin
was still evident and the release of water from Suicide Basin summer 2013 was
slower than the past two years. Suicide Basin drained continuously throughout
the summer and into mid-August and did not react like it had in previous years
with large amount of water flowing from the basin into the Mendenhall River
system.

The data available for the summer of 2013 benefited hydrologists and
forecasters in creating an accurate river forecast for this kind of hydrologic
event. If the Jokulhlaup from Suicide Basin reacts like it has in the past,
the added real-time information will increase the support to EMs and other
decisions makers concerned about the flooding event. These events can be
very difficult to forecast, but the availability of this new information observed
directly from the ice field will give forecasters, hydrologists, and emergency
managers (EMs) significant lead time in assessing the lake level in Suicide
Basin and increased the confidence of the forecasted crest levels, timing and
associated impacts for this and future events. ¢
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WFO Juneau Loses Over 150 Years
of Knowledge to Retirements

By Ursula Jones

Weather Forecast Office Juneau had four
employees retire in December 2012, taking
with them a combined 153 years of knowledge.
All four employees began their Federal service
in the 70’s. Two of the staff began their Federal
careers in the Navy before joining the National
Weather Service (NWS). The other two were
long-time Juneau forecasters promoted
to office leadership positions. Each of
the retirees was relied upon for their
expertise in the computer field.

ohn Lindsey, our Automated Surface

Observing System repair technician,
retired after working for the Federal
government for over 40 years. Carl
Dierking, our science operations
officer, and Kim Custer, our electronics
supervisor, retired after almost
40 years of Federal service. Paul
Shannon, our information technology il

expert, retired after working for the
National Weather Service for over

30 years. Each of these shared their
expertise, coming to work each day with
a willingness to insure that our office ran
smoothly, even if it meant being called
inat 2 a.m.

In addition to losing their vast technical
skills, each of the retirees will be missed for
their wit, humor, and easy going personality.
We wish them luck on their future endeavors
and invite them to come back to work
anytime.<%
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SOUTHEAST ALASKA .% Science Fair Projects Judged
REGIONAL SCIENCE FAIR “ By Wes Adkins

The 2013 Southeast Alaska Regional Science Fair, held earlier this year at the Marie Drake
Gymnasium, invited local science professionals, such as engineers, teachers, researchers, and
health-care workers, to participate as project judges. As in years past, forecasters from the National
Weather Service, Weather Forecast Office (WFO) in Juneau, were also asked to judge, and four of
us were able to participate this year. Commendably, two forecasters felt it so important that they
judged after having worked all night before the Fair began.

This year, over 150 students submitted entries. WFO Juneau forecasters were assigned to
evaluate projects which examined hypotheses in the physical sciences. These were but a small
subset of the diverse array of projects displayed across the high school gym. Early in the morning,
before the Fair opened its doors, organizers briefed judges on the merits of what makes a sound
project. Later, as judges, we viewed poster presentations, photographs, data notebooks, and other
visual aids corresponding to assigned projects at a closed-door session before the young high-
school scientists arrived. Afterwards, student participants were invited into the Fair so that judges
could individually pose questions about their findings, their engagement in the subject matter, and
any potential future research flowing out of their experiments.

I was most impressed with students’ oral interviews. The participants I interviewed clearly
demonstrated great pride and enthusiasm in their research. At the end of the fair, scores were
compiled and exceptional projects were recommended for advancement to the Intel International
Science & Engineering Fair held this year in Phoenix, Arizona.

Whether students understood or not, the entire science fair experience from preparation
to presentation, will serve them well in the future: through introduction into research careers,
experience for college or job interviews, and the undeniably rewarding fulfillment of self-
accomplishment. Who knows? Out of one of these projects a young meteorologist may have come
of age. That in itself is why I am already looking to help out again next year.

Science Fair

projects and
students.
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Winter Outlook for Southeast Alaska
By Rick Fritsch

Two of the larger influences on winter climate variability for southeast Alaska
are a pair of very large scale air-ocean relationships known as ENSO and
PDO.

ENSO stands for the El Nifio Southern Oscillation and is more commonly known by its
warm phase name (El Niflo) or cold phase name (La Nifia). Typically, an El Nifio promotes
warmer than normal and wetter than normal conditions over the Panhandle during the winter.
During La Nifa, winter weather tends to be colder than normal, but not necessarily drier than
normal. The current state of the ENSO is neutral (not warm or cold) and the winter forecast calls
for continued ENSO-neutral conditions to continue through the upcoming winter. Thus, we gain
little insight on the upcoming winter from the current state of ENSO.

The other air-ocean relationship called PDO stands for the Pacific Decadal Oscillation. This very
long term phenomena can last for tens of years at a time (hence, the 'decade’ term in its name).
Locally, the state of the PDO is primarily revealed by the ocean surface temperature in the Gulf
of Alaska. During a "positive PDO", sea surface temperatures in the Gulf tend to be warmer than
normal. Conversely, during a "negative PDO", sea surface temperatures tend to be cooler than
normal. Like the ENSO cycle, the PDO tends to exert its primary influence on our local climate
during the winter. When the PDO is negative, Southeast Alaska winters tend to be colder than
normal and when it is
positive, our winters
tend to be warmer than
normal.

The PDO has been
predominantly negative
since late 2006.
However, earlier this
summer, temperatures in
the Gulf of Alaska were
significantly warmer
than normal. Despite
this warm anomaly, the
PDO index remained
negative, primarily

as a result of how the

9 d 5 d d R R . . - _TEONTlYES 1.5 0.7 0.9
1ndex 1S measured an Weé ESRL P hysical Scisnces Division

the fact that the PDO This graphic depicts the correlation of the state of the PDO to winter temperatures over
encompasses much more| Alaska. The warmer colors mean that there is a clear and reliable relationship: when
ocean than just the Gulf | the PDO is negative (Gulf of Alaska is cooler than normal) winter temperatures over
of Alaska. Nevertheless, Alaska and western Canada tend to be colder than normal.
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Gulf of Alaska
temperatures remained
warmer than normal

so far this autumn and
Panhandle temperatures
have also remained
warmer than normal
with significantly more
rainfall than normal as
well.

During early October
the Gulf of Alaska
cooled back down to
what are considered
to be normal values.
The assessment by
th81ca1 SClentIStS and . ) ) . R o ND-%'EIE-SEEL Phwi:luIIESGinnl:uu Divimion
climatologists in Alaska

as well as scientists in
the Climate Prediction
Center in _Sllver Sprlng,

This graphic indicates that there is a good correlation between PDO and precipitable
water in the Winter. When the PDO is negative, there tends to be less precipitation over
eastern Alaska, the panhandle, and western Canada.

ace temperatures in the Gulf will continue to fall to below
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of this experiment was
eaching the students how to build origami boats.

After building their own boat, each student used them
in an experiment to simulate air movement on w(;gcts

L

ritsch also discussed atmospheric pressure and

E how it decreases with elevation. To demonstrate
this, students participated in an experiment, using a 4
toot tall PVC pipe, corks, and water. Two holes were
drilled in the pipe — one low and one higher up. The
holes were corked and the pipe was filled with water.
When the lower cork was removed from a hole on
the pipe, the water surged out of the pipe. Students
measured the distance the water traveled before it
landed on the ground. The experiment was repeated
but this time the upper cork was removed and the
distance the water traveled was measured again.
Water out of the lower hole traveled farther than the
water out of the upper hole.

on the water. Using a fan to create win’c.i";ﬁ'
in a tray of water, students found that taller objects
were pushed faster on the water surface. They also
realized that once their boats began absorbing water,
| they didn’'t move nearly as fast as the dry boats.

Other activities this year included: GPS instruction
and geocaching hike; taki ervations with
icles, dissection

| Racing origami boats!
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