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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



Understanding Land-Atmosphere Interactions




Motivation and Scope

10P Publishing Environ. Res. Lett. 15 (2020) 034015 https://doi.org/10.1088/1748-9326/ab68aa

* Understand the impact of LUCC on
hydrometeorology in central Taiwan,

where “urbanization” is a dominant type ®-
of LUCC. wicess

Chia-Jeng Chen' @, Chu-Chun Chen™’, Min-Hui Lo’ ®, Jehn-Yih Juang' and Che-Min Chang'
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d r I Ve n by S u rvey- b as e d I a— n d u s e d ata to Escr:zo y — Land use/cover change (LUCC) has taken place since the 1990s in central Taiwan; however, its

Any further distributionof  jmpacts on the local and regional hydroclimatology are not understood thoroughly. This study is

this work must maintain

con d uc t a 6 re al i S ti C ”» mo d e I i ] g ::;tz:g;m e grounded in a numerical experiment using the Weather Research and Forecasting (WRF) model and

thework, journal citation  Statistical assessments of continuous land cover and gridded precipitation data derived for central
- and DOL Taiwan. We incorporate survey-based land use data in 1995 and 2007 in driving WRF to simulate
eX P e rim e n t . selective non-rainy and rainy (dry and wet) cases under weak synoptic forcings in July and August (JA).
N The two land-use conditions reveal changes in simulation fields on account of increased urban and
built-up lands. Results averaged over the dry cases show increased (diminished) sensible heat fluxes
and 2 m temperatures (latent heat fluxes and 2 m specific humidity) in 2007 compared to thatin 1995.
The wet-case simulation further identifies intensified precipitation over the downwind areas of urban
and built-up lands, strongly subject to local topography and prevailing winds. Statistical assessments
of the Landsat land cover and gridded precipitation data verify significant increasing trends in
. urbanization and the JA rainfall. Regression-based analysis that scales the effect of the LUCC on the
change in precipitation corroborates the WRF simulation: LUCC has induced eastward, downwind
association with the JA rainfall.

Supplementary material for this article is available online
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NLSC Land Use Data
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LUCC from 1995 to 2015

Administrative areas : Miaoli, Taichung, Changhua, Nantou, and Yunlin
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has transformed to urban and built-up land.




WRF Configuration and Case Selection

bot e ’éi’a’ By | 10 wet (rainy) cases under weak synoptic forcings (e.g., no

z | ' | typhoons or weather fronts) in July-August are selected.
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Observed Trends in Rainfall and
Relationship with Urban Expansion
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App. | 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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Assessment of Satellite and Model Precipitation




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.

RESEARCH GROUP
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Global Precipitation Measurement (GPM) ‘
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Hydrometeorological Assessment of Satellite and Model Precipitation Products over Taiwan?

PIN-LUN L1,* LIAO-FAN LIN..’ AND CHIA-JENG CHEN®

" National Chung Hsing University, Taichung, Taiwan
® Cooperative Institute for Research in the Atmosphere, Colorado State University, Fort Collins, Colorado

(Manuscript received 30 June 2021, in final form 31 August 2021)

ABSTRACT: Satellite and model precipitation such as the Global Precipitation Measurement (GPM) data are valuable in
hydrometeorological applications. This study investigates the performance of various satellite and model precipitation
products in Taiwan from 2015 to 2017, including data derived from the Integrated Multisatellite Retrievals for GPM Early
and Final Runs (IMERG_E and IMERG_F), Global Satellite Mapping of Precipitation in near-real time (GSMaP_NRT),

and the Weather Research and Forecasting (WRF) Model. We assess these products b) comparing them agamst data
collected from 304 surface stations and gauge-based gridded data. Our izes factors infl ial in pre-

cipitation estimation, such as season, temperature, elevation, and extreme event. Further we assess the hydrological re-

sponse to each precipitation product via continuous flow simulation in two selected watersheds. The results indicate that the
performance of these precipitation products is subject to seasonal and regional variations. The satellite products (i.e.,
IMERG and GSMaP) perform better than the model (i.e., WRF) in the warm season and vice versa in the cold season, most
apparently in northern Taiwan. For selected extreme events, WRF cansimulate better rainfall amount and distribution. The
seasonal and regional variations in precipitation estimation are also reflected in flow simulations: IMERG in general
produces the most rational flow simulation, GSMaP tends to overestimate and be least useful for hydrological applications,
while WRF simulates high flows that show accurate time to the peak flows and are better in the southern watershed.

SIGNIFICANCE STATEMENT: Precipitation data derived from satellites or numerical weather prediction models are
valuable resources since lhey can provide comprehenswe information regarding areal precipitation over a specific region.

H , such precipi ducts of varying di of accuracy may hinder their usefulness for hydrologlcal and other
pplication Und ding which ipitati producls to use under various ci requires k ledge accrued
from scrutinizing the relative peﬂ of these prod This study shows that over Taiwan, the performance of

satellite and model precipitation is contingent upon season, region, and event. The best-performing precipitation products

can thus generate most rational flow simulations, suggesting possibilities for more emerging applications.

KEYWORDS: Precipitation; Hydrology; Satellite observations; Hydrologic models; Numerical weather prediction/forecasting

1. Introduction

Precipitation is an essential variable in the hydrological cy-
cle. Obtaining accurate precipitation data can crucially aid
climate and hydrological research and applications, such as
effective allocation of water resources and reducing the risk of
flooding disasters. Currently, the most accurate precipitation
data still rely on surface observation; however, establishing
surface stations is often confined by geographical locations and
topographical considerations, resulting in gaps in spatial pre-
~mnitatinn infoarmation fOkun ot al 27014) Marenver enrfacs

regions (Zhang et al. 2013). Owing to modern-day scientific
progress, precipitation products have become increasingly di-
verse, and the aforementioned information gaps can be filled
using remote sensing technologies, such as rainfall radars and
satellites. Among the mentioned products, radar precipitation
products boast superior performance in precipitation estimation,
but their installation is still constrained by topographical com-
plexity and funding limitations (Behrangi et al. 2011; Zhang et al.
2018). By contrast, satellite precipitation products are capable of
monitoring all areas across the globe, thereby compensating the



Satellite and Model Precipitation
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Assessment Results

2015-2017 Taiwan Site & Precipitation Product - Correlation
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App. |l Takeaway
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Trend Analysis of Taiwan’s Drought




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.

RESEARCH GROUP
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Abstract: Finding significant trends in hydroclimate time series has been deemed an essential task in
numerous studies. Despite the existence of various trend detection methods, statistical significance
is mostly examined for linear trends and related to the meaningfulness of the found trends. We
wish to draw attention to a more general definition of meaningful trends by cross-referencing not
only linear but also smoothing techniques. We apply linear regression (LR) and two smoothing
techniques based on regularized minimal-energy tensor-product B-splines (RMTB) to the trend
detection of standardized precipitation index (SPI) series over Taiwan. LR and both RMTB-based
methods identify an overall upward (wetting) trend in the SPI series across the time scales in Taiwan
from 1960 to 2019. However, if dividing the entire time series into the earlier (1960-1989) and later
(1990-2019) sub-series, we find that some downward (drying) trends at varied time scales migrate
from southcentral-southwestern to eastern regions. Among these significant trends, we have more
confidence in the recent drying trend over eastern Taiwan since all the methods show trend patterns
in highest similarity. We also argue that LR should be used with great caution, unless linearity in
data series and independence and normality in residuals can be assured.

Keywords: trend detection; meteorological drought; standardized precipitation index; climate variability;
surrogate modeling; regression

1. Introduction

Global warming, regardless of the contribution from human activities or natural causes,
has intensified hydroclimate variability [1]. More extreme events (e.g., floods, droughts,
and storms) that only take place at certain timestamps in history could be significant
enough to determine the variability or “direction” of long-term climate time series; this is
perhaps a more discernible condition than a gradual change in the records. To unravel the
characteristics of climate conditions varying over time, trend analysis commonly adopted
in many scientific disciplines has come into play. In the field of meteorology and climate
sciences, trend analysis actually has already exhibited various applications, including
the understanding of temporal patterns of hydroclimatic variables (e.g., precipitation,



Standardized Precipitation Index (SPI) and Regularized
Minimal-Energy Tensor-Product Spline (RMTS

* SPlat 3-, 6-, 9-, and |2-month periods P 2K

& Wy q
were derived for trend analysis. 2k £
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Trend Analysis Results
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Trend Analysis Results (cont’d)
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App. lll Takeaway

Table 1. Pattern correlations between detected trend in the SPI using one of the three methods and
that using another method over three different time periods. The first, second, and third values
in each parenthesis indicate correlations derived from the paired methods: linear regression (LR)
vs. first derivative; LR vs. locally estimated scatterplot smoothing (LOESS), and first derivative vs.
LOESS, respectively. Correlation values greater than 0.35 are in bold.

Time Period SPI3 SPI6 SPI9 SPI12
1960-2019 (0.03,0.02,0.67)  (0.04,0.05,0.74)  (0.09,0.10,0.66)  (0.19, 0.22, 0.68)
1960-1989 (0.04,0.06,0.79)  (0.03,0.22,0.44)  (0.26,0.23,0.37)  (0.01,0.19, 0.08)
1990-2019 (0.32,0.36,0.91)  (0.40,0.38,0.86)  (0.49,0.52,0.71)  (0.28, 0.40, 0.13)

" 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.

‘ RESEARCH GROUP



Water Resources Availability into the Future




Motivation and Scope

Ecological Indicators 146 (2023) 109808

" Using the Budyko framework (instead of s A ) £
hydrological modeling) for assessing

Ecological Indicators
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the entire set of basins, rather than
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RCP time-varying Budyko framework is developed and adopted in this study. Gauge-based gridded precipitation and
fl;::golcl;imate temperature, in company with runoff data, were used to derive the Budyko curves for 75 catchments over

Taiwan. Downscaled precipitation and temperature data from selected global climate models and Representative
Concentration Pathways (RCPs) were then used to calculate the shifts in the Budyko space of each catchment. It
was found that the Budyko-related variables (e.g., evaporative and aridity indices, and catchment-specific
parameter) exhibited considerable variability island-wide, with a few outliers in certain catchments being
modulated by distinct landscape features and/or human activities. Under all RCPs analyzed, the majority of
catchments showed the magnified movement vectors pointing at the 1st quadrant in the Budyko space in the late-
21st century, suggesting a predominant and aggravating drying trend over Taiwan. Cluster analysis of the
movement vectors under RCP8.5, which entailed the least inter-model differences, identified three major clus-
ters, two of which (64 catchments included) indicated a drying trend of varied significancy. According to our
findings, without effective mitigation of climate change, an increased likelihood of the worst-case scenario will
substantialize the reduced availability of Taiwan’s water resources.

Sustainable development
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1. Introduction

Along with the increasing trend of the world population and water
demand, climate change has heightened enormous tension between
users and available water resources over many regions (Gosling and
Arnell, 2016; Qin et al., 2019; Vorosmarty et al., 2000). Mekonnen and
Hoekstra (2016) pointed out approximately 4 billion people are subject
to extreme water shortage for at least one month of a year, and 1.8
billion people even have to deal with water shortage lasting for six
months or longer. If employing the Shared Socioeconomic Pathways
(SSPs) to make projections for the future, Munia et al. (2020) disclosed a
50 % increase in population under water stress in a path of sustainability

(SSP1) by the mid-21st century; such percentage might even double in a
math Af Rickh mamttilatian arnrardl 7COD2Y

geological properties. However, hydrological modeling-based assess-
ments filled with parameter and/or model uncertainties can sometimes
be disputed. In contrast, a simplified analysis framework has been pro-
posed by Budyko (1974), who made use of only precipitation (P), po-
tential evapotranspiration (PET), and actual evapotranspiration (AET) to
dissect regional water balance contingent upon hydroclimatic and
catchment characteristics. With a less transient temporal scale (e.g.,
monthly or longer), the expensive measurement of AET can be replaced
with the estimate from the water balance equation in the Budyko
framework (Ning et al., 2018). Such advantage has demonstrated the
usefulness of the Budyko framework in plentiful water resources as-
sessments, leading to a resurgence of Budyko-related studies in recent
years (e.g., Zhang et al., 2012; Xu et al., 2013; Greve et al., 2015; Wang
at al INT1L Wanea at a1l 9°ND91Y



Data

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

= TCCIP’s statistically downscaled data in
future scenarios (ARS)

" 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

X g F
AET PET PET " o
“ e (S o
P P P
2 2
= Z 2 (APETj +(AAETJ
P P
[/ \ \
AAET
0. =b-— arctanApgT x180/x
\ Ry y,

‘ RESEARCH GROUP

Evaporative index (AET/P)
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Assessment Results
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Assessment Results (cont’d)

(@ (®) © ()] (e)

—
L
o=
w
e — - W R
L — — T —-— . — e [+ ——
(@) a—— - — g W A —— i —
. - = T —— o
e A e 2 ——
—— e e = P— =
P (] e A b ——— 1 B =
p——-  ——— o == vy
e e = 1 G == o
e —— .S - ga S S
= . e — L S 'y o — .
:1 e . T — - m £ e, | e
_—— P e pe S —— s
e — e e —— AR —— =
h —_— i — | 3 —_— -
i = — o P . —_— fe
O piir——neig g e — | JHSEE e il S
e
=
5 x
:
w e —— - =
TT —_ —

-1000 0 1000 2000 3000 0 500 1000 1500 0 500 1000 1500 -04 0 0.4 0.8 12 -0.2 0 0.2 0.4 06

AP APET A AET APET/P AAET/P

RESEARCH GROUP



App. IV Takeaway

" Nearly 90 % of catchments exhibited the shift towards the |5t quadrant
in the Budyko space, with a narrow range of direction from 70 to 80°

and

the magnified movement vectors in the late-2 | st century, suggesting

a predominant and aggravating drying trend over Taiwan.

= Bot
Imp

n Clusters Il and Il showed a drying trend of varied significancy,
ying 64 out of the 75 catchments in Taiwan analyzed will be forced

to C
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eal with a shortfall in water resources availability into the future.
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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.
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Thank you!
cjchen@nchu.edu.tw
www.cj-hydro-clim.com E
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