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Climate Changes in Taiwan during®2Gentury

The average temperature in Taiwan increased by about 1.1C vs.
0.6C in average global temperature. The major reason for the
larger increase Is the urban heat island effect.

Since 1961 most temperature increase occurred at night, there was
little change in daytime temperature.

There has been a ~13% decrease in sunshine hours since 1970,
probably due to anthropogenic emissions of aero

There has been a factor of 2 drop in the occurrence of RH > 85%
since 1970, probably as a result of land use change such as the
urban heat island effect.

The most serious change was a ~30% increase in precipitation
Intensity since 1961, due to an increase in very heavy
precipitation and decreases in light/moderate precipitation. The
cause of the increase is now identified to be global warming.



Linear trends of daytime & nighttime
temperature in Taiwan (1961-2005)
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Direct sunshine hours have decreased by ~15% since 1970

(updated from Liu et al. 2002)
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Extreme Climate/weather

e Extreme climate changes, such as heat waves,
sever e storms and droughts, have been
observed to increase significantly over most
regions of theworld in the last few decades.

e But extreme climate eventsarevery difficult to
predict. Therefore, IPCC2007 has been very
conservativein projecting/predicting future changes
In extreme climate events.
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—&— Year vs 2 urbans, s =-0.01, p-level =0.201
—@— Year vs 5 NE, s = 0.04, p-level =0.010

Year vs 4 SE, s =0.01, p-level = 0.405

Year vs 3 islands, s =-0.0001, p-level = 0.820
—B— Year vs Taipei, s = 0.17, p-level = 0.023
——- Plot 1 Regr

2000

2005



“Tropical” nights, or nights requiring air conditioning
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—&— Year vs 2 urbans, s = 0.98, p-level = 0.000000
—&— Year vs 5 NE, s = 0.64, p-level = 0.000022
Year vs 4 SE, s = 0.34, p-level =0.0198
Year vs 3islands, s = 0.25, p-level = 0.0410
—=&— Year vs Taipei, s = 1.48, p-level = 0.000000
——- Plot 1 Regr




Extreme Precipitation Events

* Increases in very heavy precipitation, and sometimes with
decreases in light precipitation have been reported in
recent years over most land areas (e.g. Karl & Knight,
1998; Goswami et al., 2006) as well as the tropical oceans
(Lau and Wu, 2007).

* Increases in heavy precipitation can lead to more and
worse floods and mudslid:

e Light and moderate precipitation is a critical source of soll
moisture. Since light and moderate precipitation events
frequently occur in different seasons from those of heavy
precipitation, their decrease poses a serious threat to the
drought problem.
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In theory, how should precipitation intensity
change in a warming globe?

Trenberth et al. (2003) hypothesized that theipr&ation intensity should increase
at about the same rate as atmospheric moisturapioait 7%/K according to the
Clausius-Clapeyron equation, because precipitafitas from storms were
determined by low-level moisture convergence.

Furthermore, they argued that the increase ofyhesufalls could even exceed
the moisture increase because additional latentrbemsed from the increased
water vapor could feed back and invigorate thenssor

Since large storms in the tropics are a major @®t@nsporting heat from t
boundary layer to the upper troposphere, the imaigal storms can increase the
stability of the atmosphere, thereby suppressgig knd moderate precipitation.

However, quantitatively the hypothesis was notaoorated by results from an
ensemble of 17 current climate models which shoglelaal mean increase in
precipitation intensity to be only ~2%/K (Sun et 2007).



Changes in precipitation intensity derived
from observations

e By using an analysis focusing on the interannual
variability rather than the long-term trend, Liuaégt
(GRL, 2009) were able to determine a statistically
significant relationship between precipitat|
extremes and global temperature.



Normalized AP/AT (%/K)

Average precipitation intensity increases by 23%G&6&CP data.
Only 2% for the ensemble of 17 current climate nede
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e The above results show that the risk of floods and
droughts were severely underestimated by the
climate models of IPCC2007.

* These findings have been independently
substantiated by changes in extreme precipitation
derived from the reanalysis by operational wea
forecast models of ECMWF (European Center
Mediumrange Weather Forecast) and NCEP
(National Center for Environmental Prediction,
USA).



APJAT (%/K)

NCEP Reanalysis (daily data)
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How does the change In precipitation
iIntensity link to the occurrence of floods

and droughts?

 We use Mainland China as an example.

« NCAR (National Center of Atmosphel
Research, USA) has developed a global
Index for floods and droughts
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Change in annual number of drought-montkid) plotted
as a function of increase in global average temperatire (
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Change in annual number of drought-montkid) plotted
as a function of increase in global average temperatire (
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Change in annual number of flood-month§{ plotted
as a function of increase in global average temperatlie (
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AP/AT (%/K)
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Global T anomaly

Global Temperature Anomaly 1961 - 2005
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Rain intensity of typhoons landed in Taiwan
15 CWB stations (in mm/hr)
Warm years: 728.2 mm , # = 5.9

Cold years: 445.9 mm, # = 3.3
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15 CWB stations (in mm/hr)
Composite according to global T
Typhoon
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GPCP data, latitudinal variation
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Conclusions

Global warming has already caused alarming
Increases In the occurrence of droughts and floods
most areas In the world, often by more than a facto
of 2.

At low latitudes (30S — 30N), the increase is about
twice as large as mid latitudes.

Another round of similar changes are predicte
2035.

Because reduction of greenhouse gases will take a
long time (>50 years because the anthropogenic CO2
lifetime Is ~100 years), adaptation strategies asch
flood control, water resource policy and land use
plans must be developed and implemented quickly.



Thank you for your attention!



