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Four Applications

§ Understanding land-atmosphere interactions
§ Assessment of satellite and model precipitation
§ Trend analysis of Taiwan’s drought
§ Water resources availability into the future
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Application I:
Understanding Land-Atmosphere Interactions
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Motivation and Scope

§ Understand the impact of LUCC on 
hydrometeorology in central Taiwan, 
where “urbanization” is a dominant type 
of LUCC.

§ Make use of the best available numerical 
modeling technique (e.g., Weather 
Research and Forecasting model, WRF) 
driven by survey-based land use data to 
conduct a “realistic” modeling 
experiment.
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NLSC Land Use Data
2007

Tier III

Tier II

Tier I 9 or 10 classes

41 or 44 classes

92 or 103 classes

1995

ID 1 2 3 4 5 6 7 8 9 10

1995 Agr Trans Hydro Built Ind Recre Salt Ore Milit Others

2007 Agr Forest Trans Hydro Built Public Recre Salt Others
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LUCC from 1995 to 2015
Administrative areas : Miaoli, Taichung, Changhua, Nantou, and Yunlin 

Approximately 20% of cropland has transformed to urban and built-up land.



7

WRF Configuration and Case Selection

Case ID Date
1 2000-07-16
2 2005-08-25
3 2008-07-06
4 2010-07-26
5 2010-08-25
6 2013-07-02
7 2014-08-18
8 2015-07-19
9 2016-08-12
10 2016-08-19

10 wet (rainy) cases under weak synoptic forcings (e.g., no 
typhoons or weather fronts) in July-August are selected.
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Urban Heat Island Effect and 
Downwind Intensification of JA Rainfall

(a) (b)
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Observed Trends in Rainfall and 
Relationship with Urban Expansion
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App. I Takeaway

§ We found that LUCC can induce prominent changes in energy fluxes, 
temperature, precipitation patterns, etc.

§ Enhanced precipitation can take place over the downwind of heavy 
urbanized areas.
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Application II:
Assessment of Satellite and Model Precipitation
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Motivation and Scope

§ Satellites of the Global Precipitation 
Measurement (GPM) mission have played 
an important role in the information 
transmission of Earth’s water and energy 
cycles.

§ In Taiwan, precipitation patterns, as well 
as hydrological responses, show sharp 
variations in different seasons, suggesting 
a need for a seasonal assessment of 
various precipitation products and their 
usefulness for hydrological modeling.
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Satellite and Model Precipitation

Weather Research and Forecasting (WRF) model

GPM:
Integrated MultisatellitE Retrievals for GPM (IMERG)
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Assessment Results

TCCIP: 臺灣氣候變遷推估資訊與調適知識平台計畫
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App. II Takeaway

§ IMERG和GSMaP (即衛星降⾬)於溫暖季節之表現優於WRF (即模式
降⾬)，於寒冷季節則反之，尤以臺灣北部特別明顯。

§ 對於選定之極端事件，WRF可以合理地模擬降⾬量和分佈。

§ 降⾬推估準確度之季節性和區域變化也反映在流量模擬中，如
IMERG通常能產⽣最合理之流量模擬，GSMaP因其對於⾬量之⾼估
因⽽造成流量模擬之參考性最差。
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Application III:
Trend Analysis of Taiwan’s Drought
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Motivation and Scope

§ Classic trend detection methods (e.g., 
linear regression, Mann-Kendall, Theil-
Sen slope) have been used for a long 
time, yet some new methods have been 
(or will be) developed.

§ We wish to argue that the discrepancy
or similarity between trend detection 
results should be a useful indicator of the 
existence of real or “meaningful” trend.
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Standardized Precipitation Index (SPI) and Regularized 
Minimal-Energy Tensor-Product Spline (RMTS)
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• SPI at 3-, 6-, 9-, and 12-month periods 
were derived for trend analysis.

• Two types of splines are available:  RMTB 
(B-spline) and RMTC (cubic Hermite 
spline).

• Two trend detection methods based on 
RMTC were used:  (1) Locally Weighted 
Least Squares Regression or LOcally
Estimated Scatterplot Smoothing  
(LOESS) and (2) using first derivatives.
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Trend Analysis Results
(a)

(d)(b)

(c) (a)

(d)(b)

(c)

Linear Regression First derivatives of RMTB
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(a)

(d)(b)

(c)(a)

(d)(b)

(c)

Trend Analysis Results (cont’d)

LOESS of RMTB, 1990~2019 First derivatives of RMTB, 1990~2019
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App. III Takeaway

§ When all the methods reached a consensus in the patterns of detected trends with 
significance, intuitively we could have more confidence in such detected trends.

§ While the general wetting trend was identified over a great portion of Taiwan’s 
territory in the past 60 years, some migrations of drying or wetting trends actually 
took place in different time intervals.
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Application IV:
Water Resources Availability into the Future
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Motivation and Scope

§ Using the Budyko framework (instead of
hydrological modeling) for assessing
future water resources in Taiwan.

§ It would be better to conduct a 
transboundary assessment accounting for 
the entire set of basins, rather than 
isolated ones, within a domain.
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Data

§ 5-km TCCIP precipitation and 
temperature from 1960 to 2017

§ TCCIP’s statistically downscaled data in 
future scenarios (AR5)

§ Potential evapotranspiration (PET) is
derived from the Thornthwaite equation.

§ Actual evapotranspiration (AET) is 
derived from the long-term mean of 
water balance.
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Parametric Budyko Equation
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Assessment Results
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Assessment Results (cont’d)
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App. IV Takeaway

§ Nearly 90 % of catchments exhibited the shift towards the 1st quadrant 
in the Budyko space, with a narrow range of direction from 70 to 80°
and the magnified movement vectors in the late-21st century, suggesting 
a predominant and aggravating drying trend over Taiwan.

§ Both Clusters II and III showed a drying trend of varied significancy, 
implying 64 out of the 75 catchments in Taiwan analyzed will be forced 
to deal with a shortfall in water resources availability into the future.
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Conclusions



30

Concluding Remarks

§ TCCIP datasets/products are tremendously useful for various and many 
hydrometeorological applications.

§ We look forward to seeing and using more and updated versions of 
TCCIP datasets/products.

Thank you!
cjchen@nchu.edu.tw
www.cj-hydro-clim.com


