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YTN News (2016.05.16) 



hundreds of thousands of red crabs carpeted 
on Southern California beaches  



1. El Niño 

http://www.hankookilbo.com 



1. El Niño 

Why such a different type of El Nino occurs more 

frequently during recent decades ? 

 A different type of El Niño may be due to global warming 
(Yeh et al. 2009; Kim and Yu, 2012). 

 As anthropogenic global warming intensifies, we may see 
more of these events compared to the traditional El Niño. 

 The future climate states will be favorable for more frequent 
and intense WP El Nino events under global warming(Yet et 
al. 2009; Lee and Mcphaden, 2010; Na et al. 2011) 

 New type of El Niño phenomenon may have caused 
changes in atmospheric circulation patterns in the Pacific 
Rim countries, but the mechanisms of El Niño have not yet 
been clearly discovered. 



• From 1970 to 2014, the world reported a total of 11,985 natural disaster events, of which 
5,139 (or 42.9 per cent) took place in Asia and the Pacific. 

• Floods and storms were the most frequent in the region, accounting for 64 per cent of the total 
number of such events reported between 1970 and 2014. 

 Natural Disaster Events in Asia and the Pacific (1970-2014) 

<Total  Occurrences of Natural 
Disaster Event> 

<Occurrences of Natural Disaster 
Events by Type> <Total affected from Natural Disasters> 

Source: http://www.unescap.org 



2. Drought 



2. Drought 

Chukwookee 

Sundial 

Armillary sphere 



2. Drought 

Jungzo 

(1776-1800) 

Sunzo 

(1800-1834) 

Hyunjong 

(1834-1849) 

Chuljong 

(1849-1863) 

Gojong 

(1863-1907) 

1777/01/01~1907/12/31 

Restorations and Analyses of  

Rainfall Amount Observed by Chukwookee 

The King of Chosun Dynasty 

在位时间 

乾隆 
(1735-1795) 

嘉庆 
(1796-1820) 

道光 
(1820-1850) 

咸丰 
(1850-1861) 

同治 
(1861-1875) 

光绪 
(1875-1908) 



2. Drought 

 ‘Drought Risk Calendar’ by RDA 

 

 YongNam in 2016, Kyungbuk in 2018,19 

 

 After 2020, Drought lasts for more than 50 

days/year… almost every year in the 2030s 

 

 In 2020,  Drought will be lasted for more 

than 24 days in April and May (farming 

season) 

Drought Map in 2016 

by Rural Development Administration (RDA) 

Annual Drought Frequency (days) 



3. Typhoons 

Projections of future typhoons 

Knutson et al.(N. geoscience, 2010) 

Future projections based 
on theory and high-
resolution dynamical 
models consistently 
indicate that greenhouse 
warming will cause the 
globally averaged 
intensity of tropical 
cyclones to shift towards 
stronger storms, with 
intensity increases of 2-
11% by 2100. 



3. Typhoons 

Projections of future typhoons 

Emanuel (PNAS, 2013) 

Figure. Change in track density, measured in 
number of events per 4° × 4° grid box per 
year, averaged over the six models. The 
change is the average over the period 2006–
2100 minus the average over 1950–2005.  



Development of Evaluation Technique on the Abnormal Flood: Regional Frequency Analysis 

and Risk Analysis 

21st Century Frontier R&D: Sustainable Dam Technique Development: Nonparametric Dam 

Risk Analysis for Dam Rehabilitation 

University-linked Emergency River Management during the Rainy Season 

Statistical hydroclimatology & Characterization of Hydroclimatic Extremes 

Diagnostic and Modeling Studies to Understand Climate-induced Variability in Regional Streamflow 

Analyses to Quantify the Climate-Hydrology-Water Quality Linkages in Sebago Lake, Maine  

Investigation of Hydrologic Variability in Asia within the Context of Atmospheric Circulation 

Patterns 

Regional Flood/Drought Analysis Associated with ENSO and Large-scale Atmospheric Circulations 

Tropical Cyclone Activity Associated with ENSO and Atmospheric Teleconnections 

Framework to Understand Climate-Hydrology-Ecology Linkages in Support of Sustainable Water 

Resources Management over the Korean Peninsula 



Climate Change Adaptation for Water Resources: Dam Risk and Rehabilitation Assessment 

Development of Advanced Techniques in Combined Inland-River Systems for Reducing Urban Inundation 

Development of Short and Mid-term Hydrologic Forecasting and Generation Techniques under Climate Change 

Development of Drought Outlook·Response Techniques on Korea and East Asia 

Development of Real-time Drought Forecasting Method based on Statistical-Dynamic Integrated Model 

Urban Flood Research Institute(UFRI) Opening (Feb. 28, 2013) Development of advanced techniques in 
combined-inland river system 



Response Strategy to Prevent Flood Damage in Seoul 
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Uncertainty Bounds
Predicted Discharge
Observed Discharge
Initial Parameters

Bayesian & Urban Hydrosystem Modeling 
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Uncertainty Bounds
Predicted Discharge
Observed Discharge
Initial Parameters

TRMM  COMS  

Multi-Sensor  based  Precip. Monitoring 

 & Forecasting Algorithm 
Guideline &  Counterstrategy  

for Urban Flood Management   

 Real-time river monitoring for reducing the flood damage in urban stream 
 Development of flood forecasting and warning system based on real-time and 

the predicted rainfall  
 This will help prevent natural disasters and to provide useful data for 

stakeholders and decision makers faced with addressing the challenges of a 
changing climate. 



El Nino-Southern  
Oscillation (ENSO) 

Tropical Cyclones 
Large-scale 
Atmospheric  
Circulation 

Water Policy and Management 

 Water resources management 

 Flood control & Infrastructure design 

 Environment management 

Large-scale Weather and Climate Drivers 

Regional-scale  
Hydrological Risk Assessment 

to Climate Change 



Hydroclimate Variability &  
Flood/Drought Risk 
Assessment at the 

Regional/Local Scale 

El Nino-Southern  
Oscillation (ENSO) 

Tropical Cyclones 
Large-scale 
Atmospheric  
Circulation 

 Water resources management 

 Flood control & Infrastructure design 

 Environment management 

Kim et al. (JMSJ, 2012) 

Kim et al. (AAS, 2013) 

Yoon et al. (SERRA, 2013) 

Kim et al. (JWCC, 2016, under review) 

Son et al. (SERRA, 2014) 

Kim et al. (SERRA, 2016) 

 

Kim and Jain (ERL, 2011) 

Kim et al. (JHER, 2015) 

Kim and Jain (CCL 2010) 

Kim et al. (EMA, 2010) 

Sen Gupt et al. (JEM, 2011) 

Yoon et al. (JHER, 2016) 

Kim et al. (JGR, 2012) 

Kim et al. (IJOC, 2012a) 

Kim et al. (IJOC, 2012b) 

Kim et al. (KSCE, 2016) 

 

Jeong et al. (IJOC, 2014) 

Kim et al. (AIM, 2015) 

Climate Change  
Scenario 

Yoon et al. (KSCE, 2014)  

Kim et al. (AIM, 2015) 

Kim et al. (JWCC, 2015) 

Choi et al. (JWRPM, 2015, under review) 

Kim and Lee (HP, 2016, be submitted) 

Kang et al. (JWCC, 2016, under review)  

Kim and Jain (HP 2016,  be submitted) 

Sen Gupt et al. (JOH, 2016, be submitted) 

Kim and Jain (WRR 2016,  be submitted) 



Rice Planting 
(May ~ June) 

Rainy Season 
(6/23 ~ 7/25) 

Typhoon 

In the period of rice-
planting season (May-
June), a huge amount of 
agricultural water is 
required.  

The average annual 
precipitation in Korea is 
about 1200-1300 mm 
and 60-70 % of rainfall 
is concentrated in the 
summer season (June – 
September). 

• To overcome the temporal variation of rainfall, we need to keep the water resources preserved 
from Jun to August in multipurpose dams and utilize them for a living, agriculture, and industry 
until next summer. 

• If we don’t have sufficient rain water during summer, we suffer from water shortage in spring and 
all the year around. 

Kim et al. (2015) 



1. TC rainfall and Climate-related Risk 

2. Influence of the Two Types of El Nino 

3. Influence of Central Pacific Warming 

4. Statistical Drought Forecasting using Satellite Information 

5. Integrated Regional Risk Assessment 

6. Hydroclimatic Change on the Regional Scale 



Case 1: TC Rainfall and Climate-related Risk 

• Typhoons originating in the west Pacific 
are major contributors to climate-
related risk over the Korean peninsula. 

• A majority of heavy precipitation events 
are concentrated in the summer season, 
in part due to the coincident typhoon 
season in the western North Pacific. 

• The need for improved characterization 
of climatic risk and the projected 
increases in the typhoon events 
motivates a reappraisal of historical 
trends in precipitation over the Korean 
peninsula. 

Kim & Jain (ERL, 2011) 



Case 1 

 What is the relative contribution of typhoon and non-typhoon 
moisture sources to the observed trends in the magnitude and 
frequency of warm season precipitation? 
 

 What are the spatial characteristics of trends parsed by 
principal moisture sources?   
 

 What are the temporal shifts in the empirical probability 
distribution of seasonal precipitation, and the nature of trend 
typology in seasonal precipitation extremes? 



High interannual variability indicates that 
an important first step in understanding 
precipitation variability and trends is a 
characterization of the empirical 
probability distribution wherein:  
 
(a) upper and lower tail probabilities 

(signifying extreme events) can be 
quantified  

(b) a separation of precipitation by 
moisture sources (typhoon, non-
typhoon) facilitates an assessment of 
the individual and joint contributions 
from typhoon and non-typhoon 
precipitation to extreme precipitation 
trends. 

Case 1 

Fig. 1. Spatial variations of seasonal precipitation (June–September) 
in the Korean peninsula during the 1966–2007 periods.  



Case 1 

Fig. 2. Trends based on a median quantile regression of 
seasonal precipitation (June-September).  

Fig. 3. Typology on trends in seasonal precipitation.  

• A careful characterization of precipitation 
variability and trends is an important starting 
point for adaptation and decision making 
involving environmental and human contexts, 
such as: water resources, hazard response, 
engineering design, agriculture, and 
ecosystem services. 

• In this study, we used an empirical approach 
to identify the relative contribution of 
typhoon and non-typhoon precipitation to 
changes in magnitude and frequency of 
seasonal precipitation in the five major river 
basins. 

• The broader characterization of trends 
illuminates the relative role of causal climatic 
factors and an identification of ‘hot spots’ 
likely to experience high exposure to 
typhoon-related climatic extremes in the 
future. 



Case 2: Influence of the Two Types of El Nino 

Kim et al. (JMSJ, 2012) 

• From the standpoint of understanding 
the regional impacts related to 
precipitation, what is particularly salient 
is that this nuanced view of Pacific sea 
surface temperature variability is likely 
to provide twofold knowledge: (1) 
regional patterns of precipitation 
sensitivity to El Niño Modoki and (2) a 
clearer perspective regarding the 
potential future impacts, contingent 
upon changing statistics of El Niño 
Modoki. 

• The purpose of this study is to explore 
the relative impacts of the two types of 
El Niño: Canonical El Niño and El Niño 
Modoki on precipitation over the 
Korean peninsula. 



Case 2 

Fig. 1. Empirical probability density function for the 
seasonal rainfall composite anomalies (June-
September) for the five major river basins in South 
Korea.  

• The patterns of precipitation anomalies 
indicate significant difference between 
El Niño and El Niño Modoki.  

• For the El Niño years, the probability 
density functions (PDF) display sharp 
distributions and positive skew for all 
basins, indicating that negative 
anomalies are generally found.  

• In contrast, for the El Niño Modoki 
years, the conditional distributions 
clearly show positive anomalies in 
seasonal precipitation. 

• Distinct positive anomalies appear in 
the Han and Geum river basins. 



Case 2 

El Nino years 

Summer Rainfall  
(June-September) 

Seasonal Maximum Rainfall 

Heavy Rainy Days 
(>50mm/day) 

• During the El Niño years, 
significant drier conditions 
are observed throughout 
South Korea. 
 

• In contrast, in the El Niño 
Modoki years, wetter 
conditions prevail over the 
interior and western river 
basins 



Case 2 

El Nino years 

Appendix. 1. SST anomalies for the El Niño and El Niño Modoki events. SST anomaly patterns during 
each El Niño and El Niño Modoki in developing, peak phases, and precipitation over South Korea 
corresponding to the decaying phase of El Niño and El Niño Modoki. 



Yu and Kim (GRL, 2010) 

Group 1 (Prolonged-decay) 
:  a prolonged‐decaying 
pattern that decays slowly and 
is followed by a warm event 
in the eastern Pacific (EP) 
 
Group 2 (Abrupt-decay) 
: an abrupt‐decaying 
pattern that terminates rapidly 
after the peak and is followed 
by a cold event in the EP 
 
Group 3 (Symmetric-decay) 
: a symmetric‐decaying 
pattern whose sea surface 
temperature anomalies grow 
and decay symmetrically with 
respect to a peak phase. 



Case 3: Influence of Central Pacific Warming 

Son et al. (SERRA, 2014) 

• With regard to CP warming, it was 
found that TCs are more likely to be 
formed in the northwestern parts of the 
western Pacific region (Kim et al. 2011). 

• This shift in warm SST forcing has a 
significant effect on large-scale ocean–
atmosphere interactions, which leads to 
an enhancement of the TC landfall in 
East Asia including Korea and Japan 
(Chen and Tam 2010; Kim et al. 2011). 

• This study tracked the path and genesis 
positions of TCs with particular focus on 
the Western North Pacific (WNP) and 
Korean Peninsula (KP) according to the 
three types of CP El Nino evolution 
patterns 



Case 3 

Seasonal rainfall variability in East Asia 

Fig. 1. Percentage changes in the composite anomalies of seasonal 
rainfall according to three evolution patterns of CP El Niño 

Kim et al. (JWCC, 2016) 



Case 3 

Fig. 2. Large-scale environments in the WNP region during the TC season (June-September) corresponding to 
the CP El Niño events. Spatial patterns of composite anomalies of 850-hPa wind speed (m/s), 850-hPa relative 
humidity (%), and composite mean SST (°C) are shown for (a) Prolonged-decaying years, (b) Abrupt-decaying 
years, and (c) Symmetric-decaying years 

Son et al. (SERRA, 2014) 

• TCs are generated on the 
vast tropical sea, where the 
wind is weak, humidity is 
high, and SST is more than 
26.5 C (Wallace and Hobbs 
2006; Nolan et al. 2007) 

• The TCs affecting Korea 
develop mainly on the 
eastern sea of the 
Philippines or northwestern 
Pacific, and then move and 
approach China, Korea, or 
Japan as rotating clockwise 
in an arching pattern along 
the southern edges of the 
North Pacific high pressure. 



Case 3 

Tropical cyclone activities in the WNP region 

Fig. 3. Composite anomalies (departures from the 1958-2007 norms) of the TC track density  in the WNP region. a. 
Case 1 (Prolonged decaying years). b. Case 2 (Abrupt decaying years). c. Case 3 (Symmetric decaying years). 
The TC track density is estimated by counting the TC passage in each 2.5°×2.5° grid. The dashed (solid) line 
indicates the June-September mean of the WNP subtropical high based on 5880gpm during each group of the CP 
El Niño years (50-year climatology) 

Kim et al. (SERRA, 2016) 



Case 3 

Fig 4. Genesis position and tracks of TCs passed through the Korean 
domain (shown by dashed line). a Summer genesis position of TCs, 
b–d TC tracks for three different CP cases. The contour lines (10th, 
lower quartile, median, upper quartile, 90th levels are shown) in 
(a) summarize the genesis position for 208 TCs affecting the KP 
during the period, 1966–2007. TC track anomalies shown in (b)– 
(d) were estimated by counting the number of TC occurrences in 
each 2.5 x 2.5 grid in the WNP region 
  

• The track and genesis positions of the 
TCs affecting the KP and the abnormal 
SST pattern differed according to the 
evolution pattern of the CP El Nino. 

• Case 1 (prolonged-decaying years) 
showed TC genesis positions slanted 
toward the east compared to the overall 
occurrence positions of 208 TCs (1966–
2007). 

• Case 2 (abrupt-decaying years) showed 
TC generation slanted toward the 
northwest direction. The TC genesis 
positions in the abrupt decaying years 
are relatively more adjacent to the KP 
than the points where the TCs occur in 
the other CP-El Nino evolution patterns 

• Case 3 (symmetric-decaying years) 
showed TC generation toward the 
western direction. 

Son et al. (SERRA, 2014) 

Symmetric-decay 
Prolonged-decay 

Abrupt-decay 



Case 3 

Son et al. (SERRA, 2014) 

TC-induced rainfall over the KP 

(a) Prolonged-decay (b) Abrupt-decay (c) Symmetric decay 

TC-induced rainfall  
(June-September) 

Heavy Rainy Days 
(>50mm/day) 



Case 4: Statistical Drought Forecasting 

Bae et al. (KWRA, 2016) 



Case 4 

Energy Balance Product Suite 
• Surface Reflectance 
• Land Surface Temperature, Emmis

ivity  
• BRDF/Albedo 
• Snow/Sea-ice Cover 

Vegetation Parameters Suite 
• Vegetation Indices 
• LAI/FPAR 
• GPP/NPP 

Land Cover/Land Use Suite 
• Land Cover/Vegetation Dynamics 
• Vegetation Continuous Fields 
• Fire and Burned Area  

MODIS Land Products Source: http://modis.gsfc.nasa.gov 



Case 4 

Drought in 2015 - VCI 



Development of Drought Forecasting System based on the Multi Layer 
Perceptron (MLP) Artificial Neural Network Model 

MLP-ANN Model 

Case 4 



Drought 
 Forecasting  

System 

Input: r_input_sample. txt (monthly data) 
Station: 59 sites (stn_nm_table.txt) 
Duration: Jan. 1981-present (Apr. 2015) 

Case 4 



Case 4 

EVI                    VSIA  

Revised GMDH-Type Neural Network Algorithm 

Ensemble Empirical Mode Decomposition 

Short term forecasting 
850 sub-basins 

Monthly index (2001-2014) 

Autoregressive Integrated Moving Average (ARIMA) 

Statistical Drought Forecasting 



Case 4 

Monthly EVI (Enhanced Vegetation Index)  

Kwangdong dam (100101) 



Case 4 

Assessing forecast model performance (R2) 

Assessing forecast model performance (RMSE) 

 



Case 4 

Kwangdong dam (100101) 

Assessing forecast model performance 



Case 5: Integrated Regional Risk Assessment 

Kim et al. (JWCC, 2015) 

2014 BNU Study 

“A Case Study of Regional 
Risk Assessment of River 

Restoration Project: 
Nakdong River Basin in 

South Korea” 



Case 5 

 Selected among the 10 advanced young scientists for 2010/2014 “Summer Institute for Disaster 
and Risk Research” leaded by professor Roger Kasperson at Clark University, the U.S., and funded 
jointly by the State Administration of Foreign Experts Affairs, Ministry of Education, and the 
Beijing Normal University in China. 

  
 Discussed with both renowned and emerging researchers (primarily junior faculty, young 

researchers, post-docs, and advanced doctoral students) in various areas including engineers, 
economists, and social scientists regarding climate-related issues including structural/non-
structural measures for the disaster and risk.  



Case 5 

naturalresources2011.wordpress.com 

 The project was spearheaded by former South 
Korean president Myung-bak LEE and was declared 
complete on October 21, 2011. 

 It was first announced as part of the “Green New 
Deal” policy launched in January 2009, and was later 
included in the government's five-year national plan 
in July 2009. 

 The government estimated its full investment and 
funding totaled 22.2 trillion won (Approximately 
17.3 billion USD) 

 
The project had five key objectives:  
• securing abundant water resources 

• implementing comprehensive flood control measures 

• improving water quality and restoring river ecosystems 

• creating multipurpose spaces for local residents 

• regional development centered on the rivers 



Case 5 

Here, IRRI is the integrated risk index, h and v are the weights of each 
factor, H is the hydrologic hazard index, and V is the socioeconomic 
vulnerability index 

※ Indicators used here are obtained from the national achievements of Korea 
National Emergency Management Agency 

Risk = f (Hazard, Vulnerability) 



Case 5 

Resilience + 10%               Resilience + 25%              Resilience + 50%             

• In this study, the risk due to climate change was 
defined as the combination of hydrologic 
hazard and socioeconomic vulnerability 

• This study is advantageous because it evaluates 
hydrologic risk due to climate change using 
standardized and quantitative factors. 

• Specifically, this study provides a measure with 
the potential to obtain basic information to 
efficiently evaluate the changes to regional 
hydrologic risk over a river area affected by the 
Four Major Rivers Restoration Project as well 
as a method for assessing systematic water 
resource management and climate change 
vulnerability 

 The resilience of the Nakdong River Basin increased by 4.8, 10.0, and 14.0% 
with increases of 10, 25, and 50%, respectively. 

 The results strongly suggest that: (a) future climate can be handled effectively by 
increasing basin resilience in each administrative district; and (b) it is feasible to 
use structural/nonstructural measures as basin characteristics. 

 The IRRI would increase by 1.5% after the project and 19.6% due to climate 
change after the project. 

 It turned out that the effect of river restoration project in the future would be 
insignificant in terms of risk control over regions where floods are likely to 
increase upon climate changes. 



Case 6: Hydroclimatic change on the regional scale 

Kim and Jain (CCL, 2010) 

• Information needs for effective decision-
support in a changing climate require 
data that are tailored to suit needs of a 
range of sensitive sectors and systems. 

• Recent evidence of shifts in the 
magnitude and timing of streamflow in 
the western United States is a signal of 
regional hydrologic change and suggests 
a need for mitigation and adaptation 
measures. 

• The efficient uptake and assimilation of 
information regarding changes in 
seasonality depend upon: (a) the 
availability of analyses tailored to match 
the time scales of decisions, and (b) 
metrics suited to individual decision 
calendars of at-risk systems. 



Case 6 

Fig 1.  Seasonal cycle of streamflow in the western United States. a A ternary diagram showing the fraction of water 
year runoff volume for the three key seasons. b Map of the eleven western states showing the location of 
streamgauges with serially complete records for the 1948–2007 period. The key flow season(s) associated with each 
streamgauge are identified with distinct symbols. 

Seasonal cycle of streamflow in the western US 



Case 6 

Fig 2. Trend analysis based on a median quantile regression of daily streamflow in the western United States (1948–2007). 
a Discharge for each day is expressed as a percent of the total water year discharge.  

Trend analysis on daily streamflow in the western US 



Case 6 

Fig. 3. Long-term trends in annual groundwater level (GWL) over the 1960-2000 period based on the USGS monitoring network data. 
Based on a Mann-Kendall test for trends, the p-values, increases (decreases) in groundwater level are classified as highly significant (p 
< 0.05) and significant (0.05 < p ≤ 0.1) and color coded blue (red). 

Trends in Ground-Water Level 

<hydrologic modeling framework> 



Case 6 

Fig 4. The linked nature of streamflow, decision-calendar for water management, and salmon lifecycle in the Columbia 
River Basin. a Reservoir rule curves in Columbia River basin.  

Decision calendars and information context 

• The analyses presented here 
facilitates the task of 
understanding the changes 
in timing and magnitude of 
streamflow across the region 
at high temporal resolution 

• Understanding the potential 
impacts of changes in the 
seasonality of streamflow is a 
critical first step in 
adaptation and risk 
mitigation efforts. Numerous 
water-sensitive human-
environmental systems rely 
on annual decision 
calendars. 



1. Improve Hydroclimatic Forecasts 

2. Support Regional Climate Impacts Studies 



Conditional Hydrologic Risk (SPI≤-1.0) based on RCP 4.5/8.5 
1.0 ] 

 S1 (2011-2040)           S2 (2041-2070)              S3 (2071-2099) 

SPI3≤-1.0 

 Based on the conditional hydrologic risk assessment, specific vulnerabilities can be 
diagnosed.  

 The drought index-based risk assessment methodology for streams across the river basins 
allows tailoring of information for watershed-specific water allocation and management. 



Satellite D/B 

<Correlation Coefficient> 

 TCI  VSIA  VCI 



 Establishing and managing information about drought damage for 
different areas & cases 

 Finding out problems in using drought indexes and suggesting ways to 
standardize drought information in different organizations (building up 
cooperative systems for different ministries to apply unified drought 
information) 

 Re-evaluating existing dams and re-adjusting water supply plans (past dam 
development was done for unmeasured areas, post-four major river 
restoration project in Korea) 

 Building an integrated control tower in charge of drought management 
(Discussing and coordinating major national policies, making national 
plans and laws for emergency to cope with extreme drought) 

• Coping with Extreme Drought in a Changing Climate 



Sensitivity of ecologically relevant flow metrics to  
climate variations 

Adapted from Wendy A. Monk(2011)  

Environmental Flow 
Requirements or eflows are: 
"The quantity, quality and 
timing of water flows 
required to sustain 
freshwater ecosystems and 
the human livelihoods and 
well-being that depend on 
these ecosystems." -The 
Brisbane Declaration made at 
the International 
Riversymposium in 2007  





 



 The development of flow management guidelines based on scientific 
foundation is a great challenge for scientists, water-resource managers and 
stakeholders to provide sustainable water supplies for people, industry and 
river ecosystem health.  

 The purpose of this research is to explore the impact of altered hydrologic 
regime on stream and riparian ecosystems that are most vulnerable to climate 
variability and extremes. 

   Flow alteration-ecological response  
relationships  

 
 

   Development of flow management  
guidelines and standards  

Sustainable Water Management for Biodiversity and Human Health 



To systematically diagnose changes in observed hydroclimatic trends 
to clarify the nature and extent of shifts in hydrologic regime 
stemming from episodic extreme events 

To identify relevent hydroclimatic drivers that “downscale” the 
signature and footprint of changes in the global climate system to 
regional or river basin scales 

To perform an assessment of a suite of streamflow metrics based on 
the sensitivity of the key parameters to individual climatic precursors 
and their past and future trajectories 

My research provides an usable framework to achieve 
the goal of sustainability in the Asia-Pacific region. 
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