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HYSPLIT operational applications at NCEP

(what exactly is changed with this upgrade will be described later )

e Smoke
e Dust (only application with no change)
e “Canned” (WFO/HAZMAT/lake-effect trajectories)
e “On-demand”
e Volcanic ash
e Radiological (RSMC)
e WFO/HAZMAT (backup to WOC)
e CTBTO (also on-demand, but different job)
e Volcano trajectories
e Convert NWP output to HYSPLIT-format
e Drive applications at NCEP
e Drive WFO applications at WOC



Scope of changes

Meteorology

* Replace half-degree GFS on hybrid-levels with quarter-degree
e Add surface height field
* Replace specific humidity with relative humidity
 Note half-degree had vertical velocity prior to GFS upgrade (July
2017). Vertical velocity is computed in HYSPLIT using divergence.

[ e Add HRRR 3 km sigma-level (hourly cycles, hourly to 18 hours forecast)
e Remove RAP (20 km, 3-hourly cycles)

e NAM hybrid-level file - add CAPE, remove low/middle/high cloud cover
(cloud cover not used in HYSPLIT)

e Remove NAM 12 km regional “tiles” (e.g. hysplit.t00z.namsf.NEtile), but
the full-CONUS grid remains



Scope of changes

RSMC - Transfer RSMC web page from ARL to NCO (May be de-scoped. Waiting
on NCO IDP team.)

CTBTO - parallel job instead of serial

Volcanic ash

- option to use Ganser fall velocity

- add Chiles-Cerro Negro to file listing all volcanoes

- add transfer of ASH_TABLE file to internal NCO server, to aid interpretation of
graphics in NAWIPS

WFO/HAZMAT (on-demand) - option to use HRRR

Lake-effect (snow) trajectories — change starting heights

Volcano trajectories — add gifs; transfer gif, kmz, txt to ftpprd/NOMADS

Smoke — minor edit to gif graphics that go to ARL



Scope of changes

Upgrade HYSPLIT (mostly minor changes)
e to ARLSVN r856

O Revised arl_hysplit library (many library subroutines revised, including fix for RH
on hybrid-levels, but otherwise minor changes)

O Revised executables (minor unless noted)
= Dispersion and trajectory hycmstd, hycsstd, hytsstd

= Post-processing gridplot, trajplot, volcplot, con2grib2 (bugfix for couple
radionuclides, not Bug 642-Cobalt), concrop (Bug 593),

= CTBTO con2asc, set4ctbt (for parallel processing (MPMD))

= Convert meteorology —
= global2arl (horizontal gridsize)
* nmmb?2arl —add CAPE, remove low, mid, high cloud cover

O New executable — hrrr2arl

O Removed executables — rap2arl, xtrctgrid (remove NAM tiles)



Expected benefits

HRRR and higher resolution GFS drivers provide opportunity for improved
dispersion modeling

e Consistency of all NCEP HYSPLIT applications running the same code with
improvements/corrections

e Keep up with ARL development of HYSPLIT

e Improved response time for CTBTO back-tracking application



Science changes at NCEP

 Added option for Ganser fall velocity which the New Zealand Volcanic Ash
Advisory Center (VAAC) added to HYSPLIT (volcanic ash, largest particles). This
option facilitates further testing by the U.S. VAACs.

e Added CAPE to nam/hysplit file for further testing of enhanced vertical mixing

* Corrected virtual temperature calculation when using meteorological datasets
on hybrid levels containing RH (gfsOp25)

e Corrected time interpolation for deposition (RSMC)



Science changes
e Option for Ganser fall velocity (volcanic ash, possibly affecting largest
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Volcanic ash example

para, one-deg GFS

Effect of science changes (trajectory and dispersion model)

Confirmed no effect of changes in HYSPLIT dispersion due to updated main

code and library

e ARL “DATEM” (Data Archive of Tracer Experiments and Meteorology) on
WCOSS with v7.5 vs. v7.4, same results/statistics
e |ndividual cases — smoke, dust, volcanic ash, RSMC,

TEST,

-1 +4131-me33(i$b4n355?§93

4 FL550
13 FL350
10
8
FL3s0
FlL2oo
g
g
Q‘_‘
1§ A
BRERERE ;3[1&%3 e
FlL200
SURFACE

.‘»\
10
6

VALID 12007 01 SEP 17 (ERLPTION+-CSOHOOM)
o T

- FL550
JE0E| SURFACE
(COMPOSITE)

TEST |&

20 @;zc?ﬁ?;éoiij??}a&
14

TEST,

12
10
6

ERERE R Tk e ' £

22 §
R0 :
18~

BEERERE Gatﬁsmszﬁjﬁﬁ&

12
10
6

VALID 18007 01 SEP 17 (EAUPTION+036HCOM)

114 r2 5008 0EpER2 0008

2 3\
Qu
18>~

12

TEST

TEST,'

144121008 (315‘@40:“{5':39'3

S AV
=Y A
.
SRR ;3[151"4 0208
14
10
6

VALID 1200Z 01 SEF 17 [ERLPTION+CSOHOOM)
= T

TEST

FL550
FL3so

FL350
FL2co

FLz2oo
SURFAGE

- FL550
58| SURFAGE

[COMPOSITE)

&

11210 @m@ﬁi;;-:;z?j?fja'&
14

TEST

12
10
6

114 1208 E#R080s]

22 \
20 N
18~

Q,';f\ A
.

-11H12100 EE@H— 020098

1,\

10

&

VALID 1800Z 01 SEP 17 {ERUPTION+0356HCOM)

T 12 1008 CEEe 2008

p2 ..\
QU N
18—

ICAA HYSPLIT GUIDANCE

A POPOCATEPETL  NisoiWoseaz
SUMMIT 17802 FT EASH CLOUD
DURATION 1.0 HR
ASH COLUMN FL3co

Zﬂmslnfnrmsilnn usa lowar-;
WWW.ERH.NOAA

AEE ALY

casa);
fJETSTAEAMSYNCPTIG/TIME. HTM

Created: 1143 GMT 2017083

GF8G CYCLE
O6Z 31 AUG 17

AR
ERUPTION 0800Z 31 AUG 17 +car’ nm Al ERT

Wet deposition: Yes

IOAA HYSPLIT GUIDANGE
A POPOCATEPETL N1isoiWosea7

SUMMIT 17802 FT

EASHCLOUD

nnnnnnnnnnn

Created: 1218 GMT 2017083

GF8G CYCLE
06Z 31 AUG 17

ERUPTION 0600Z 31 AUG 17 12aT'Ng ALERT

DURATION 1.0 HR
ASH COLUMN FL3oo

Ztlmulnfnrmsﬂun usa lowar-
WWW.SAH NOAA

casa):
FJETETAEAMBYNCPTIG/TIME HTM

nnnnnnnnnnn

Wet deposition: Yes

canned, trajectories

prod, one-deg GFS
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Effect of GFS quarter- instead of half-degree (hybrid levels)

e Some reasonable differences — RSMC - exposure

NOAA HYSPLIT MODEL
Exposure (Bg-s/m3) averaged between 0O mand 500 m
Integrated from 1200 09 Aug to 1200 10 Aug 17 (UTC)
C137 Release started at 1200 07 Aug 17 (UTC)

10 mto 500 m

Source = 38.434 N 76.442 W

] Q{‘ fi’.%i H >1.0E-13 Bg-s/m3
e 5| 106415 Ba-sim3
' XMM © >1.0E-17 Bg-s/m3

' >1.0E-19 Bg-s/m3

Maximum: 2.2E-13 Bg-s/m3
Minimum: 9.6E-26 Bg-s/m3
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0600 07 Aug 17 GFSQ FORECAST INITIALIZATION

Created:; 1445UTC 07/08/2017 gdayfmnnthfrear)]RSMC Washington - NOAA ARL / NCEP
Source:CALVERT_CLIFFS |at:38.434385 [on:-76.441914 hgt:T0 to 500 m

Release 1D:C137 "Rate: 0.1667 Bg/hr Duration: 6.0 hr Particles: 500

Distribution: Uniform between 10 and 500 m AGL

Dry Deposition:Yes Wet Removal:Yes

Meteorology: 0600 UTC 07 Aug 2017 GFS

Note: Gonfour values may change from chart to chart

Note: RESULTS BASED ON DEFAULT INITIAL VALUES

Response: EXERCISE EXERCISE EXERCISE

para, quarter-deg

NOAA HYSPLIT MODEL
Exposure (Bg-s/m3) averaged between O mand 500 m
Integrated from 1200 09 Aug to 1200 10 Aug 17 (UTC)
C137 Release started at 1200 07 Aug 17 (UTC)

10m1to 500 m

Source= 38434 N 76.442 W
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(et H Vet >1.0E-19 Bg-s/m3
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Maximum: 1.2E-13 Bg-s/m3
Minimum: 7.1E-27 Bg-s/m3

0600 07 Aug 17 GFSG FORECAST INITIALIZATION

Created: 1444UTC 07/08/2017 dayfmonthfrear%RSMC Washington - NOAA ARL / NCEP
Source:CALVERT_CLIFFS |at:38.434385 lon:-76.441914 hgt:T0to 500 m

Release 1D:C137 "Rate: 0.1667 Bg/hr Duration: 6.0 hr Particles: 500

Distribution: Uniform between 10 and 500 m AGL

Dry Deposition:Yes Wet Removal:Yes

Meteorology: 0800 UTC 07 Aug 2017 GFS

Note: Coniour values may change from chart to chart

Note: RESULTS BASED ON DEFAULT INITIAL VALUES

Response: EXERCISE EXERCISE EXERCISE

prod, half-deg
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Effect of GFS quarter- instead of half-degree

e Some reasonable differences — RSMC - deposition

NOAA HYSPLIT MODEL
Deposition (Bg/m2) at ground-level
Integrated from 1200 07 Aug to 1200 10 Aug 17 (UTC)
C137 Release started at 1200 07 Aug 17 (UTC)

10mto 500 m

Source =+ 38.434 N 76.442 W

w2 Y >1.0E-10 Bg/m2
27| - 1.0E-12 Bgm2
AN © >1.0E-14 Bg/m2

o >1.0E-16 Bg/m2
*'\-\_..JI

Maximum: 3.0E-10 Bg/m2
Minimum: 5.1E-27 Bg/m2
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0600 07 Aug 17 GFSQ FORECAST INITIALIZATION

Created: 1445UTC 07/08/2017 gdayfmonthfrear;RSMC Washington - NOAA ARL / NCEP
Source:CALVERT_CLIFFS lat:38.434385 lon:-76.441914 hgt:10 to 500 m

Release |ID:C137 Rate: 0.1667 Bg/hr Duration: 6.0 hr Particles: 500

Distribution: Uniform between 10 and 500 m AGL
Dry Deposition:Yes Wet Removal:Yes

Meteorology: 0600 UTC 07 Aug 2017 GFS

Mote: Confour values may change from chart to chart
Mote: RESULTS BASED ON DEFAULT INITIAL VALUES
Response: EXERCISE EXERCISE EXERCISE

para, quarter-deg

Sourcez+ 38.434 N 76.442 W

NOAA HYSPLIT MODEL
Deposition (Bg/m2) at ground-level
Integrated from 1200 07 Aug to 1200 10 Aug 17 (UTC)
C137 Release started at 1200 07 Aug 17 (UTC)

;
N ¥y

e >1.0E-10 Bg/m2
G/ | -1 0E-12 Bo/m2

- . >1.0E-14Bg/m2
°—f;fk§ 7l >1.0E-16 Bg/m2

10mto 500 m

Maximum: 2.7E-10 Bg/m2
Minimum: 3.8E-28 Bg/m2

0600 07 Aug 17 GFSG FORECAST INITIALIZATION

Created: 1444UTC 07/08/2017 &dayﬁmcnthfrear%RSMC Washington - NOAA ARL / NCEP
Source:CALVERT_CLIFFS lat:38.434385 lon:-76.441914 hgt:10 to 500 m

Release |D:C137 Rate: 0.1667 Bg/hr Duration: 6.0 hr Particles: 500

Distribution: Uniform between 10 and 500 m AGL

Dry Deposition:Yes Wet Removal:Yes

Meteorology: 0600 UTC 07 Aug 2017 GFS

Note: Confour values may change from chart to chart

Note: RESULTS BASED ON DEFAULT INITIAL VALUES

Response: EXERCISE EXERCISE EXERCISE

prod, half-deg
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Effect of GFS quarter- instead of half-degree

 Some differences, vertical motion, wind shear for this synoptic situation — RSMC - trajectories

NOAA HYSPLIT MODEL
Forward trajectories starting at 1200 UTC 07 Aug 17
06 UTC 07 Aug GFSQ Forecast Initialization

Source % at 3843 N 76.44W

Meters AGL

18 00 06 12 18 00 0©O6 12 18 00 0B 12
08/08 08/09 08/10

Created: 1445UTC 07/08/2017 (day/month/year) RSMC Washington - NOAA ARL / NCEP
Source: CALVERT_CLIFFS lat:38.434385 lon:-76.441914 height: 500.0 1500.0 3000

Trajectory Direction:forward Duration:72 hr
Vertical Motion Calculatlon Method: Model Vertical Velocny
Response: EXERCISE EXERCISE EXERC

para, quarter-deg

NOAA HYSPLIT MODEL
Forward trajectories starting at 1200 UTC 07 Aug 17
06 UTC 07 Aug GFSG Forecast Initialization

=

Source * at 3843 N 76.44 W

Meters AGL

18 00 06 12 18 00 ©06 12 18 00 0B 12
08/08 08/09 08/10

Created: 1444UTC 07/08/2017 (day/manth/year) RSMC Washington - NOAA ARL / NCEP
Source: CALVERT_CLIFFS lat:38.434385 'lon:-76.441914 height: 500.0 1500.0 3000

Trajectory Direction:forward Duration:72 hr
Vertical Motion Calculatlon Method: Model Vertical Velocny
Response: EXERCISE EXERCISE EXERC

prod, half-deg
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Effect of GFS quarter- instead of half-degree

 Some very slight differences here — volcanic ash, Alaska
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Effect of GFS quarter- instead of half-degree

e Some differences here — volcanic ash, Mexico (Washington Volcanic Ash Advisory Center)
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Example of new or revised products
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e HRRR vs NAM conusnest, HAZMAT (HRRR new, but similar in this example)
e Alaska volcano trajectories
e Lake-effect trajectories
e Ganser fall velocity
NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Dilution Factor (1/m3) averaged between O mand 100m Dilution Factor (1/m3) averaged between Omand 100m
Integrated from 1900 13 Jul to 2000 13 Jul 17 (UTC) Integrated from 1900 13 Jul to 2000 13 Jul 17 (UTC)
Unit Release started at 1900 13 Jul 17 (UTC) Unit Release started at 1900 13 Jul 17 (UTC)
E I E
P U1.4 >1.0E-09 1/m3 P / ( ) >1.0E-09 1/m3
[T9] para (HRRR) | 1.0E-10 1/m3 Ty} WOC prOd NAMgonusnest // 1.0E-10 1/m3
o >1.0E-11 1/m3 o 42 i >1.0E-11 1/m3
= >1.0E-12 1/m3 = A PV >1.0E-12 1/m3
o Maximum: 4.2E-09 1/m3 o , A= Maximum: 4.4E-09 1/m3
. . Minimum: 6.1E-20 1/m3 "\‘_/.__4'1 o Minirmum: 2.8E-18 1/m3
| ;-" . = ]
T44 \7as 740/ 738 736 IBN~IB2 -73.0
8 /| :
S Sl o ,af",. 40-8
Q < M7 e
=+ = . 4 A -
[~ P~ A /"" o
L= A, = .
z p o N e
| A - o= 405
S S /=
™~ ~ s
o = N .
=+ =t h W — I',I )
ﬁ W H 404 ew's
S S .;
5 \ y =] - b 2
8 = 40.4 (B f Sk
HRRR METEOROLOGICAL DATA NAMS METEOROLOGICAL DATA
Job 1D: 2885 Job Start: Thu Jul 13 19:17:31 UTC 2017
Release: lai.: 40.750000 lon.:-74.000000 Hgt: 0to 50 m Release: lat.: 40.750000 lon.:-74.000000 Hgt: 0 to 50 m
Pollutant: Unit - Unspecified . ) Pollutant: Unit - Unspecified
Release %uantlty: 1 mass Start: 17 07 13 19 0 Duration: 0 hrs, 10 min Release Quantity: 1 mass Start: 17 07 13 19 0 Duration: 0 hrs, 10 min
Pollutant Averaging/Integration Period: 1 hrs and 0 min Pollutant Averaging/Integration Period: 1 hrs and 0 min
ry Deposition rate: 0 cm/s _ Wet Removal: None #Part: 10000 Dry Deposition rate: 0 cm/s  Wet Removal: Mone #Part: 10000
Méteorology: 1300Z 13 Jul 2017 - HRRR Metenrolo%y: 13007 13 Jul 2017 - NAMCNEST
Produced by user: barbara.stunder
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Example of new or revised products

* HRRR vs NAM conusnest, HAZMAT

e Alaska volcano trajectories (similar, except swapped It. blue and yellow trajs)
e Lake-effect trajectories

e Ganser fall velocity

o WATIONA Op,
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NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Forward trajectories starting at 0600 UTC 08 Aug 17 Forward trajectories starting at 0600 UTC 08 Aug 17
06 UTC 07 Aug GFSQ Forecast Initialization 06 UTC 07 Aug GFSG Forecast Initialization
y 4 T
pan -t -t
3 A JTR # 3 £t #
S B
g. \ -"‘i‘ g 0 —"
[o4] [o4]
w w
T 155 T 155
= 175 -160 = 175 -160
s} = () 2
o 2 T S| e ==
(] (]
Ts] Ts]
© ©
* *
@ @
g g
=] =]
<] <]
%) %)
para} quarter-deg a5 prod,|half-deg a5
_, [50000 % _i [ 50000 * x = g = " -
O | 40000 * = = = = = == 44000 O | 40000 & 44000
< | 30000 k———= - . . - . 34000 < | 30000 # - - . - - w 34000
0 24000 0 24000
- ﬁi&@ i - : : : : 2 14000 - ﬁ&&g i - - - : : g 14000
o7 [o]:3 09 10 11 12 o7 [o]:3 09 10 11 12
This is not an official forecast for an eruption and does not This is not an official forecast for an eruption and does not
show ash fall. If the volcano erupts see official forecasts. show ash fall. If the volcano erupts see official forecasts.
Created 20170807 1150 UTC (AKDT=UTC minus 8 hours)
Created 20170807 1533 UTC (AKDT=UTC minus 8 hours) Source: hitp:/'www.ready.noaa.gow/READY _traj_alaska.php
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Example of new or revised products

* HRRR vs NAM conusnest, HAZMAT

e Alaska volcano trajectories

e Lake-effect trajectories (blue left =red right, others changed start heights)
e Ganser fall velocity
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NOAA HYSPLIT MODEL
NOAA HYSPL IT MODEL Forward trajectories starting at 1200 UTC 31 Aug 17
Forward trajectories starting at 1200 UTC 31 Aug 17 12UTC 30 Aug NAM Forecast Initialization

12UTC 30 Aug NAM Forecast Initialization

para, NAM

P

>

Pt

E7AN—

)

?
j
\

Source ¥ at 45.00N 8050 W
Source * at 4500N 8050W

=1 2ag oo 8 461
< | 1500 1500 g
73]
F:-’ 1000 1000 @
] ]
= D
=

15 12 21 [4]0] 03

09/01 !
Treated 1825 UTC 0873072077 [monthidayhear] 15 18 & oo e
Source: TBGM lat:45.00 lon:-80.50 height:1000, 2000, 2000 m AGL
Created; 1502 UTC 08/20/201 7 (month/dayfyear)
Trajectory Direction forward  Duration:16 hr Source: TBGM lat:45.00 lon:-80.50 height:1000, 2000, 3000 m AGL

Vertical Motion Galculation Method: Model Vertical Velocity

Trajectory Direction forward  Duration: 46 hr
Vertical Mation Calculation Method:  Model Vertical Velocity




Example of new or revised products

* HRRR vs NAM conusnest, HAZMAT
e Alaska volcano trajectories
* Lake-effect trajectories
e Ganser fall velocity (new option, very small effect, both here GFS-quarter deg)
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NOAA HYSPLIT GUIDANCE Created: 1739 GMT 20170807 NOAA HYSPLIT GUIDANCE Created: 1728 GMT 20170807
A BOGOSLOF N5356WiE802 GFS3Q CYCLE A BOGOSLOF N5356Wi6802 GFSQ CYCLE
SUMMIT 331 FT --?‘S*ﬁ*?‘ﬁy-?, 122 07 AUG 17 SUMMIT aa1FT EmASH CLOUD 12207 AUG 17
ERUPTION 12002 07 AUG 17 ERUPTION 12007 OF AUG 17 rrinsmenas
TEST-NO ALERT
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J' Evaluator feedback

Central Region

e Are the HYSPLIT Hazmat products with HRRR as a driver more skillful and/or useful to you?
Yes

e Recommendation:

Implement as proposed.

Eastern Region

 We have no way to quantitatively answer the questions. From a qualitative aspect we
believe the additions are useful, but even that is subjective since we have no way of
balancing this vs. other priorities that may exist.
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J' Evaluator feedback (cont)

WFO Lake Charles, LA, commenting on the WOC application:

*  “You have turned this program into a must use by NWS and this office.”

 “ldo like the changes that you have made... May | suggest...”
 Would like to overlay satellite images on HYSPLIT output, and radar and observations.
e “Would like to see how the plume looks in 3D and move around in 3D.”

 “Would like to see selected sites automatically” run. [Action: ARL and NWS/HQ: Ensure
WFOs are aware of the HAZMAT canned runs at pre-defined locations at
https://hysplit.ncep.noaa.gov/]

e “Would like the runs go to a webpage for our users.” [Action: ARL and NWS/HQ: Ensure
WEFOs are aware there is an option on the WOC website that does this.]
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https://hysplit.ncep.noaa.gov/

J' Evaluator feedback (cont)

NESDIS/Synoptic Analysis Branch (Washington Volcanic Ash Advisory Center)
* No response on evaluation but added requests for consideration for next upgrade

* Need to be able to run a case where the eruption occurred 84-120 hours ago (e.g. in
Kamchatka, Russia) [can do this with GFS/GDAS one-degree, but not quarter-degree]

 Add trajectories to the SDM dispersion run, like the Alaska Volcano Trajectories, but only
on-demand.

 In NAWIPS —want to be able to view each “ash reduction” separately as opposed to
current single image with multiple contour lines.
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