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今年是有多乾🤔 ?  

A gravity estimation:



真的很乾！
-- root zoom moisture
-- surface soil moisture
-- shallow groundwater
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GRACE-FO derived 
drought indices: Taiwan
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Let’s talk about the USA fires



Factor 1: Forest types



North America NDVI Average July

Factor 2: Forest density and gradient



North America NDVI Average July

Factor 3: Terrain and aspect
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90F

Downslope 
wind

30-meter winds, 9/9-9/10, 3h

Factor 4: Weather and climate



What makes forest 
fires go crazy?
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for California: the ever-worsening trend





California: climate models
underestimated fire weather trends!

DOI: 10.1175/BAMS-D-15-00114.1





Factoring in climate oscillations

El Nino

La Nina

El Nino
precursor

La Nina 
precursor

Precipitation variation

Warming climate



Regression & MTM-SVD 

spectral coherence based on VHI 

in California. Regression 

(shading) and maximum coherence 

(vector, amplitude is for length and 

phase is for direction) between 

VHI in California and SST

anomalies., 

c. geopotential height 850mb 

(zonal mean is removed). Only 

significant coherences (p<0.01, 

vectors) are shown. Linear trend is 

removed and 12 months moving 

average is applied in advance.
(Son et al., 2020 submitted)





September 17, 2020



Three western 
pacific typhoons 
strengthened fire 
weather in the 
recent northwest 
U.S. conflagration 

This Photo by Unknown Author is licensed under CC BY-NC

December 2020

👉

https://kboo.fm/media/59649-oregon-wildfires-state-emergency-declared
https://creativecommons.org/licenses/by-nc/3.0/


Archambault et al. 2013



12 days!



1st typhoon

2nd typhoon

3rd typhoon

5-day mean 

of evolution



GEFS
forecast

forecast data 

evaluated consists 

of 4 time steps x
17 days x 21 

members, which 

results in 1,428 

possible members 

for the analysis



GEFS forecast

Without typhoon

With typhoon

December 2020



ERA5’s Fire Weather Index: Oregon

daily



Typhoon count:  Japan

Korea

End of fire season

1979-2002



Stronger typhoon, stronger ridge 

(worse fire weather)



stronger jet

 weaker jet 

Jet stream 
influence
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2020

旱
象



旱象肆虐下，
台灣也會野火
氾濫嗎？



2018

臺灣多數的森林火災來自人為，包含紮營野炊、
打獵留下的餘火沒有徹底熄滅，7、8月偶爾有
雷擊引火，但雨季讓火災不容易發展



2016 
following a big drought

month



乾旱指數

火災次數



🔥國有林地

↖︎2002 梨山大火！



🔥國有林地

乾旱指數

火災次數

Drought:  
👆 👆 meteorological

or hydrological?

Climate effect: ✅Strong!



Drought:  
👆 👆 meteorological

or hydrological?

GRACE water storage drought



未來乾旱

未來火災

?

Future research: 👨🏼🎓

Assessing future drought-fire risk in Taiwan



真燒起來了
？



Effect of cloud seeding: 
How to quantify it?

（球員兼裁判？）





Current Cloud 
Seeding 

Program In 
USA

Hygroscopic Seeding

Glaciogenic Seeding

Hail suppression



Around the 
Globe?

(WMO, 2016)



Experimental Design





Ground-
based 
instruments

Doppler-on-wheel (DOW) 
radar

Snow gauges

Micro-rain-radar 
(MRR)

Disdrometer

radiosonde

radiometer



Detecting Seeding Impact

(Pokharel et al., 2014, 2015, 2017)

Radar reflectivity Radar data 

(Pokharel et al., 2017)



Cloud Seeding in 
Utah

Research-for-Operation: 

• How often does the 
suitable condition exist?

• How will that change in 
future? 

Seeding generators



WRF Modeling: Research-to-Operation

Guidance for cloud seeding operation



Fraction of Seedable 
Cloud: Change in Future

• High resolution (4-km) regional 
climate model data

• Future scenario under RCP8.5 by 
the end of 21st century

Historical Future 

Pokharel et al., 2020 (Atmospheric Research)

difference



要評估，就得正確地評估
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Changes in 
climate-driven 

wildfire risk 
under 1.5˚ and 

2.0˚ warming 
projections

mean difference of FWI 

submitted to ERL



Sensitivity 
comparison 
between 
climate 
components 



Changes in 
climate-driven 

wildfire risk 
under 1.5˚ and 

2.0˚ warming 
projections

submitted to ERL

The 0.5˚C difference may 

significantly increase fire 

risk in parts of the world, 

including Taiwan, while 

warming-driven increase in 

fire risk may already happen 

in Australia and western US.


