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X Why Snow Matters
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Flooding
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- NOAA’s Airborne Snow Survey



History

J Started in late 1970s by Dr Tom Carroll
Originally limited to Upper Midwest

Xpanded in 1980s to mountainous areas

I %includes over 2600 flight lines in over 35
oS

and Canadian provinces

Drts NOAA offices, as well as collaboration

h NASA, USACE, and regional water
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Gamma Detection Theory

« Natural Background Radiation
signal present in soil is attenuated
by water

e Using an aircraft-mounted gamma
radiation spectrometer can
measure this radiation signal

« Software in the aircraft compares
snow-covered radiation signal
against bare ground signal in order
to compute snow-water equivalent

* Values represent mean areal snow-
water equivalent for a given
flightline
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Radiation Attenuated by Water
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The Flight Line
Spatial Data

ND413 :
15 NM long x 1000' wide e Designed to allow

for continuous data
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The Flight Line
Background Data
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« Background data for line
includes normalized
“count rates” for
potassium, thorium, and
total counts

e Also includes background
soil moisture information
used for snow-water
equivalent calculation



The Flight Line
Mountain Lines
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The Flight Line
Output

S5RUS43 KM5R @41334

RRMASP
 Processing occurs real- | s g aseass ssamme/sizer
time in the aircraft. 1T ------ Servici: Hydrologist (Please El,riue HARDCOPY to SH)
:FROM ---- Don Cline, (952) 361-6618, Minneapolis, Minnesota
:Visit our web page at http://www.nchrsc.ncaa.gov
+ Dataare sent to NWC | ST - Se sion rsd et o BB
on a da||y basis for : Total No. of flight lines sent = 4
quallty ContrOI :Line Survey  ¥SC SWE  SWE %SM Est Fall %SM Pilet
:No. Date (in) (35%) (M) Typ Date (F) Remarks
¢ PUbIIShEd to the WEb In MN126 Dveoezel / 1ee / 2.8 : 2.6, 32 AM 81182 , 32 drftg sno
a SHEF format. ND413 DYegeel / lee / 2.7 : 2.1, 23 AM 811@3 , 23 fld stbl
ND415 Dyese2el / 1@ / 2.9 : 2.6, 29 AM 811e3 , 29 drftg sno
ND43& Dyegezel / 1ee / 2.2 : 2.1, 33 AM 81182 , 33 fld stbl

. END

10@ percent snow cover throughout area. All water bodies frozen. No
signs of new snow. Windswept snow throughout area.
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The Flight Line
Output

NSA Snhow Water Equivalent

February 1, 2009 NOHRSC Snow Survey ° Eac h I | he
SC
_ - represents mean
e areal snow-water
SNODAS SWE (in) .
Conoo equivalent
[ 10,039 -0.1968
7 0.1968 - 0.393
-0.393 -09384 - . =
— e e Midpoint of line
E used for spatial
e My analysis
[ 13937 -78.14
T « Values used to
A
create SWE surface

grids




The Flight Line
Acu racy

e Measurements accurate to within 1 cm of SWE or 5% soil moisture

e Accuracy varies based on overall background and environment

« Can measure up to 39 inches of SWE, depending on total amount of
background radiation




Survey Creation: RFC

[Saskatchewan

NORTH DAKOTA

- Miles
0 125 25 50 75 100

Manitoba Ontario

MINNESOTA

4

River Forecast Center
(RFC) will make
request for an airborne
survey

Some forecasters will
make requests for
specific flight lines,
basins, or general
areas

Some surveys are
“canned” surveys that
are flown every year



Survey Creation: OWP
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» Using Arc Tools, the Principal Investigator at the
Office of Water Prediction (Chanhassen) will create
a text file of the lines to be flown based on the RFC
request and the available lines in the area

» This text file is then sent to the pilots




Survey Creation: AOC
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Pilots at NOAA’s
Aircraft Operations
Center create survey
files from text file

Survey files include
maps, survey
shapefiles and
pointfiles to be used
for navigation



Survey Execution: AOC

» Limitations
> Daylight
> Weather
> Maintenance
o Crew Duty

> Logistics




*Limitations

Total Sensor
Packages: 3




*Limitations

Calibrated
Alrcraft: 3
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1 AC-695 JetProp Commander

2 DHC-6 Twin Otters




*Limitations
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*Capstone Objectives

*Rigorous Analysis of Survey Efficiency

* Investigate whether some lines can be skipped due to
high degree of spatial autocorrelation

* Determine whether interpolation methods can yield
satisfactorily low sample errors in interpolated values

*Reduce Overall Survey Effort

* Fuel savings

*Increased safety due to less time an low altitude
*Increase Overall Survey Value

* Increase areal survey footprint without a corresponding
decrease in accuracy

* Reduce extraneous effort in areas where it is
unneccesary



DATA AND METHODS

 Avalilable Data

e Suitability Analysis

e Sample Optimization
 Data Interpolation

 Application




AVAILABLE DATA

e http://www.nohrsc.noaa.go
v/isnowsurvey/historical.ht
mi

» Contains 36 years of snow
and soil moisture data

« Data compiled into one
spreadsheet containing
records for every flight line
flown (over 25,000
records)

| 1 |FLINE
| 2 AK314
3 |AK318
AK317

| 5 |AK319
| 6 |AK321
| 7 |AK315
| 8 |AK316
| 9 |ak320
| 10 |AK33s5

3 |AK325

DATE
20030410
20030410
20030410
20030410
20030410
20030410
20030410
20030410
20030410
20030410
20030410
20030410

|H 1 ¢ H | AllRecords

SWE

)

5.1

6.1
8.1

13

(B
LAT
62.3519

62.9073

Je | FLINE

E | F
LOMN Survey
-153.472 AK20031
-152.227 AK20031

62.8587 -152.4

63.0511

61.9776 -153.294
62.6944 -153.

62.7192 -

62.0971
62.3013
61.7819
61.7442

li] 4

-152.746 AK20031




THE FLIGHT LINE
DATABASE: 2016

Over 2600 Flight Lines in more than 40 states and
provinces




SUITABILITY ANALYSIS

Looking for surveys with potential for over-sampling (lots of lines)
Limited temporal variation (flown in a single day)
Limited geographic extent (lines clustered)

Low variability of terrain (flat)




SUITABILITY ANALYSIS

le days

ing

 Total line counts for days charted
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* Found instance of a single day




NATIONAL SNOW ANALYSIS:
GAMMA SWE IMAGE - APRIL 2, 2009

NSA Snow Water Equivalent
April 2, 2009

SNODAS SWE (in)
[ 10-0.0039
[ 10.0039 - 0.039
[ 10.039-0.198
7 0.1968 - 0.393
I 0393 - 0984
I 0984 - 196
I 1.96 - 3.93
B 393 -59
I 5.9-984
[ 9.84 - 19.68
[ 119.68-29.52
[ ]29.52-39.37

CIIEEAEN | [ ]39.37-78.74
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Optimized Sampling and Error
Assessment

Decrease sample number using one of following methods:

e Random and Density-Dependent

e Focused and Subjective

e Reduce samples by 5, 10, and 25 percent for each method

Create new interpolated surface using remaining sample points

Extract values from new surfaces and apply them to “removed”
samples

Calculate sample error for interpolated points




SAMPLE OPTIMIZATION METHQODS:

RANDOM

Used random fucntion
in excel

Sorted by random score
and eliminated based
on random number field

Reduced to 95, 90, and
75 percent levels

Optimized Sampling: Random




SAMPLE OPTIMIZATION METHQODS:
DENSITY DEPENDENT

95 Percent Reduction Based on Density

» Used Kernel Density
Tool in ArcMap

e Eliminated lines with
highest density values

o Same total samples as
done on random
optimization method




SAMPLE OPTIMIZATION METHQODS:
FOCUSED

Cluster Analysis

» Used Anselin Cluster
Analyis Tool in ArcMap

* Eliminated lines with
highest cluster scores
(Moran’s | and
significant p-value)

o Like density
optimization, process
had to be iterative




SAMPLE OPTIMIZATION METHQODS:
SUBJECTIVE

Subjective Optimization

Similar in theory to the
focused optimization

Basically removed
values that “felt” the
most similar




Optimization/Interpolation/Error Analysis: Step 1.
Add Survey Data to ArcMap

April 2, 2009 Survey Lines
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Optimization/Interpolation/Error Analysis: Step 2.
Export Lines to be Removed as a Separate Shapefile

Random 25 Percent Opimzation
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Optimization/Interpolation/Error Analysis: Step 3:
Switch Selection and Export Remaing Lines as Separate Shapefile

Remaining 75 Percent of Lines

MINNESOTA
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0 15 30 60 90 120
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Optimization/Interpolation/Error Analysis: Step 4:
Create Interpolated Surface Using Remaining Lines

Interpolated SWE from Remaining Lines

Manitoba

High : 5.89926

- Low : 1.70057
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Optimization/Interpolation/Error Analysis: Step 5:
Extract Values from Interpolation Surface to Removed Lines

Interpolated SWE from Remaining Lines

Saskatchewan
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c
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Optimization/Interpolation/Error Analysis: Step 6:
Calculate Sample Error By Comparing Measured Values Against
Interpolated Values (Excel)
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ACCEPTABLE ERROR

« Error for interpolation will
depend on spatial variability of
the snowpack

e |nstrument error; ~1 cm

 Interpolation error should be no
more than instrument error




RESULTS
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RESULTS
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ERRORS

« Overall sample error impacted
by handful of outliers that were Density Reduced Sample Errors
well outside of 1 cm tolerance

deltaCM
-1.01
0.86
0.38
0.88
0.12
0.99
-0.15
0.86
-1.48
-2.02
-0.26
-0.36
-2.83
0.25
1.84

& 123-184

012525 50 75 100
e e [Viles




TESTING METHOD FOR ANOTHER DATE

Using a density-dependent reduction on a similar
survey from 1994 yielded sample errors in excess
of 4 cm SWE, which would be well outside of
acceptable tolderance

Density

Density




CONCLUSIONS

* Random reduction method came closest to acceptable results

* Density-dependent method came close, but even the marginal
results that were achieved in the study area could not be
duplicated in another similar sample survey.

* Focused reduction method results were well outside of tolerance
for acceptable sample error

» Subjective method proved indeed that some nearby lines could
be interpolated after the fact, but that its impossible to derive
which ones without actually conducting the survey.




RECOMMENDATIONS

« Continue to create surveys based on current methodology

« Conduct further review of other surveys to determine if there are
certain flight line areas that are more prone to spatial
autocorrelation than suggested within this project.

* Look at specific lines to create an index for how much each line
contributes to the overall snow-water equivalent analysis.




QUESTIONS?
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