Moisture Cycling and Thunderstorm Drought

=rJofA, EC
Qi'na, 26-28 Jant

Soil Moisture
% of Field Capacity
2000-07-14

BBBBB

=3 e p ’. .
DROUGHT RESEARCH INITIATIVE ot Seriens (CRCAS)
RESEAU DE RECHERCHE SUR LA SECHERESSE - —
L — anadienne pour les sciences
t de I'atmosphére (FCSCA)




ll. Role of Dry Air Initiating Severe Thunderstorms
(drylinesanddrought)

Use three(3) case studies for Demonstration

1. 11 July 1985 (LIMEX-85) —demonstrate strong subsidence close to front
range that maintains and moves dngline.

2. 13 July 2008 (UNSTABLE-2008) -exhibits the huge degree of discontinuity
at thedryline, and how it helps storm initiation.

3. 14 July 2000 (Pine Lake Storm) Aowdrought-source aican contribute to
storms in similar fashion as tleyline.
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1) Locations of 5 (of 9) Radiosonde Sites during MEX-85
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LIMEX-85
Sounding

Transects

1) Significant differences
only in ABL,; i.e.,
same air mass at all.
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2) UNSTABLE-2008Dryline of 13 July 2008

Some Data o ¥

Networks



2) UNSTABLE-2008Dryline of 13 July 2008



Temp./Mixing Ratio Transect - 13 July 2008

Mixing Ratio (g/kg)
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Dryline Limits (longitude) during period of Transects (1945-2207 UTC)
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UNSTABLE-2008 Dryline of 13 July 2008

Data ¥

Networks

Green lines with
times indicate
‘known’
progression of
dryline.



What is the role of thedryline, and how does this relate talrought?

1. Dry air is denser (heavier) than moist aindeeits propensity to subside
down along the front range (RE AML/LMW soundingsifr LIMEX-85).

2. The continuing flow of dry air downslope frohetmountains maintains
Its character at the dryline, while transferringmamtum (from mountain-top level)
to the boundary layer, giving tlieyline its motion.

3. The dryline, being denser than the moist &t ju
downstream, readily undercuts and lifts the
moist air waiting beneath the capping lid.

Drought Scenatrio:
4. Stagnant dry air sitting over a drought area -
- typically drier than the air outside the region;
- high pressure typically dominates;
- subsidence prevails over the drought area; ~ ©apping Lid >
- transfers momentum to surface (similar to dryline) ABL
- the dry air, on moving out of the drought region,
undercuts (being denser) and lifts any moisture 10
It encounters.




The Pine Lake TornaddStorm, 14 July 2000
during a Severe Drought

Introductory Facts:

- It had practically all the ingredients of the di@sAlberta severe storm.
- It (Pine Lake storm) was the most severe in all.Nluring 2000 (Phillips, 2001).

- It formed over foothillsdryline suggested), moved eastward right along northern
periphery of a severe drought region over soutiAdioarta.
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Pine Lake Tornado Storm



2000 Drought Summary (srn Alta) — Soil Moisture

Sept. 1999 May 2000

June 2000 July 2000
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Soil moisture charts provided by J. Brimelow Pine Lake Tornado Storm



Pine Lake Tornado Storm - TRACK
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Relation between Soil Moisture and Storms
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Pine Lake Tornado Storm



The Classic Pattern for
Severe Storm Genesis over
Alberta Foothills

- approaching upper S/W trough
- moderate SW flow aloft

- lee cyclogeneis SErn Alberta

- Ely component into foothillg
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Pine Lake Tornado Storm



Soil Moisture and Surface Moisture
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Pine Lake Tornado Storm
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CONCLUSIONS

|. Regional ET and Moisture Cycling from Grain Crops

1. Large-scale moisture cycling on prairies, penbd5 days (45 days);
- ties to soil moisture and cycle of synoptic events
- leads to convective storm outbreak periods.

2. During drought, this cycling diminishes or st@i®gether, with a subsequent break
In convective activiety.

3. Over mixed crop/grass vegetation and with adegs@at moisture, average diurnal
cycle in mixing ratio resulting from daily ET isgdkg?;
- for grain crops, at least 1 g-kdpigher.

Il. Role of Dry Air Initiating Severe Thunderstorms

4. Mobile transects efficiency of ET from grain crops results in peltations
in mixing ratio of +1 g kg? in rural Alberta agriculture districts.

5. This induces aurban dry islandof -1 to -0.5 g kg' (mixing ratio) in towns
such as Rocky Mountain House (pop. ~7000), Bladkf&-5000), and even

Millet (~2000). y



6. There is also a measurahlebdan heat islandof 0.5 to 1.0 °C in these towns
(compared with Edmonton at ~ +3 °C).

7. Collectively, these numbers contribute to to sol@gree to the generation
(or not) of convective storms, and may also infeeestorm tracks.

8. A-GAME, 2003-07; UNSTABLE, 2008 the dryline, gravity-induced
subsidence of dry air from the Rocky Mountaissa much sharper discontinuity
than previously believed and can have mixing ratio gradients as much@&d!
across just 10s of meters. A mobile dryline catemout moist air beneathcappin
lid, contributing to initiation of severe convectitersns over the foothills.

9. The initiation ofthe Pine Lake stormover the east slopes of the foothills on
14 July 2000 may have been initiated byr@ine from the mountains, but its
sudden and catastrophic intensification into adgdim storm after crossing
Highway 2may alsohave been assisted by the southwesterly flow of dayr
previously stagnant over drought-stricken southernAlberta. The mechanics of
this is similar to that of the dryline.

10. Convective storms occuring in outbreaks of severalays may sometimes lead
to adrought cessation This was shown to be the case with the seve88 19
drought in Saskatchewan. Unfortunately, this aditihmppen with the Plne Lake
storm, and the drought persisted into 2001.
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