


Table of Contents
Cover
Series Page
Title Page
Copyright Page
List Of Contributors
Preface
Part I: Remote Sensing for Global Drought and Flood
Observations

1 Progress, Challenges, and Opportunities in
Remote Sensing of Drought

1.1. INTRODUCTION
1.2. PROGRESS IN REMOTE SENSING OF
DRIVERS OF DROUGHT
1.3. MULTI‐INDICATOR DROUGHT MODELING
1.4. DROUGHT AND HEATWAVES FEEDBACKS
1.5. REMAINING CHALLENGES AND
OPPORTUNITIES
1.6. CONCLUSION
REFERENCES

2 Remote Sensing of Evapotranspiration for Global
Drought Monitoring

2.1. INTRODUCTION
2.2. HISTORICAL SKETCH OF ET REMOTE
SENSING STUDIES AND ET DATA PRODUCTS
2.3. ESTIMATING ET AND MONITORING
DROUGHT WITH GEOSTATIONARY SATELLITE
THERMAL OBSERVATIONS

file:///tmp/calibre_5.42.0_tmp_k8d3y22y/746jhv_k_pdf_out/OPS/cover.xhtml


2.4. DROUGHT MONITORING PRODUCT
SYSTEM BASED ON ET REMOTE SENSING
2.5. COMBINING ET REMOTE SENSING WITH
MICROWAVE SOIL MOISTURE DATA FOR
DROUGHT MONITORING
2.6. DISCUSSION
ACKNOWLEDGMENTS
REFERENCES

3 Drought Monitoring Using Reservoir Data
Collected via Satellite Remote Sensing

3.1. INTRODUCTION
3.2. DROUGHT MONITORING USING
REMOTELY SENSED RESERVOIR DATA
3.3. ADOPTING REMOTELY SENSED
RESERVOIR DATA TO SUPPORT DROUGHT
MODELING APPLICATIONS
3.4. FUTURE DIRECTIONS
3.5. DISCUSSION AND CONCLUSIONS
ACKNOWLEDGMENTS
REFERENCES

4 Automatic Near‐Real‐Time Flood Mapping from
Geostationary Low Earth Orbiting Satellite
Observations

4.1. INTRODUCTION
4.2. DATA USED
4.3. METHODS
4.4. APPLICATIONS
4.5. VALIDATION
4.6. DISCUSSION
4.7. SUMMARY



ACKNOWLEDGMENTS
REFERENCES

5 Global Flood Observation with Multiple Satellites:
Applications in Rio Salado (Argentina) and the
Eastern Nile Basin

5.1. INTRODUCTION: THE STATE OF THE
SCIENCE AND NEED FOR GLOBAL
SATELLITE FLOOD MAPPING
5.2. METHODS FOR GLOBAL FLOOD
OBSERVATION
5.3. WATERSHED CASE STUDIES:
ARGENTINA AND THE EASTERN NILE
REGION
5.4. RESULTS FROM FLOOD MAPPING IN
CASE STUDIES
5.5. LIMITATIONS AND FUTURE DIRECTIONS
FOR THE UTILITY OF SATELLITE FLOOD‐
EVENT DATA
5.6. CONCLUSION
ACKNOWLEDGMENTS
REFERENCES

6 Integrating Earth Observation Data of Floods
with Large‐Scale Hydrodynamic Models

6.1. INTRODUCTION
6.2. EARTH OBSERVATION FLOOD DATA
6.3. INTEGRATION OF EO DATA AND FLOOD
MODELS
6.4. OUTLOOK
6.5. CONCLUSION
REFERENCES



Part II: Modeling and Prediction of Global Drought and
Flood

7 Global Integrated Drought Monitoring with a
Multivariate Framework

7.1. INTRODUCTION
7.2. METHOD
7.3. DATA
7.4. RESULTS
7.5. CONCLUSION
REFERENCES

8 A Probabilistic Framework for Agricultural
Drought Forecasting Using the Ensemble Data
Assimilation and Bayesian Multivariate Modeling

8.1. INTRODUCTION
8.2. REVIEW OF CURRENT DROUGHT
FORECASTING SYSTEMS
8.3. THE PROPOSED COUPLED DYNAMICAL–
STATISTICAL DROUGHT FORECASTING
SYSTEM
8.4. CASE STUDIES
8.5. CONCLUSIONS AND DISCUSSION
REFERENCES

9 Integrating Soil Moisture Active/Passive
Observations with Rainfall Data Using an Analytic
Model for Drought Monitoring at the Continental
Scale

9.1. INTRODUCTION
9.2. DATA AND METHOD
9.3. RESULTS
9.4. DISCUSSION AND CONCLUSIONS



ACKNOWLEDGEMENTS
REFERENCES

10 Global Flood Models
10.1. INTRODUCTION
10.2. TYPES OF GFM AND SPECIFIC
EXAMPLES
10.3. APPLICATIONS OF GLOBAL FLOOD
MODELS
10.4. INSURANCE CATASTROPHE MODELS
10.5. GFM CREDIBILITY
10.6. THE FUTURE OF GFMS
REFERENCES

11 Calibration of Global Flood Models: Progress,
Challenges, and Opportunities

11.1. INTRODUCTION
11.2. GLOBAL HYDROLOGICAL MODEL
CALIBRATION
11.3. MAIN CHALLENGES OF CALIBRATING
GLOBAL HYDROLOGICAL MODELS
11.4. EMERGING OPPORTUNITIES
11.5. SUMMARY
REFERENCES

12 Digital Elevation Model and Drainage Network
Data Sets for Global Flood and Drought Modeling

12.1. INTRODUCTION
12.2. GLOBAL BASELINE DIGITAL ELEVATION
DATA FOR HYDROLOGICAL MODELING
12.3. GLOBAL HYDROGRAPHY DATA SETS
12.4. CHALLENGES AND OPPORTUNITIES
12.5. SUMMARY



ACKNOWLEDGMENTS
REFERENCES

13 Fundamental Data Set for Global Drought and
Flood Modeling

13.1. INTRODUCTION
13.2. GLOBAL LAND COVER DATA SETS
13.3. DISCUSSION
REFERENCES

Part III: Global Drought and Flood Risk Assessment,
Management, and Socioeconomic Response

14 Global River Flood Risk Under Climate Change
14.1. INTRODUCTION
14.2. MODELING GLOBAL RIVER FLOOD
RISK: GENERAL CONCEPTS AND METHODS
14.3. THE GLOFRIS MODELING FRAMEWORK
14.4. CAMA‐FLOOD AND ISIMIP MODELING
FRAMEWORKS
14.5. THE GAR‐2015 FLOOD RISK
FRAMEWORK
14.6. THE JOINT RESEARCH CENTRE MODEL
14.7. OTHER FLOOD RISK MODELS
14.8. CONCLUSIONS
REFERENCES

15 Direct Tangible Damage Classification and
Exposure Analysis Using Satellite Images and
Media Data

15.1. INTRODUCTION
15.2. DATA AND STUDY SITE
15.3. METHOD
15.4. RESULTS



15.5. DISCUSSION
15.6. CONCLUSIONS
ACKNOWLEDGMENTS
REFERENCES

16 Flood Risk and Monitoring Data for
Preparedness and Response

16.1. INTRODUCTION
16.2. CHALLENGES IN UNDERSTANDING
AND TRUSTING FLOOD DATA
16.3. TWO CASE STUDIES FRAMING THE
DISCONNECT BETWEEN FLOOD DATA
DEVELOPERS AND DECISION MAKERS
16.4. IDENTIFICATION OF COMMON THEMES
FOUND IN THE QUESTIONS ASKED WITHIN
THE CASE STUDIES
16.5. SUGGESTED OPPORTUNITIES TO MOVE
TOWARDS NARROWING THE GAP
16.6. CONCLUSION
ACKNOWLEDGMENTS
REFERENCES

17 Global Flood Partnership*

17.1. INTRODUCTION
17.2. MODELS AND PRODUCTS
17.3. GFP ACTIVATIONS
17.4. DISCUSSION AND CONCLUSIONS
REFERENCES

18 Drought and Flood Monitoring and Forecasting
18.1. REMOTE SENSING FOR DROUGHT AND
FLOOD MODELING
18.2. DROUGHT AND FLOOD MODELING



18.3. RISK ANALYSIS AND COLLABORATION
18.4. PERSPECTIVE

Index
End User License Agreement

List of Tables
Chapter 2

Table 2.1 Major inputs data for GET‐D system
Table 2.2 GET‐D system outputs

Chapter 4
Table 4.1 Comparison Between MODIS Flood
Product and VIIRS Flood Product

Chapter 5
Table 5.1 Summary of Antecedent Remote Sensing
Products for Surface Water Cha...
Table 5.2 Summary of Publicly Available Satellite
Imagery Used for the Observ...
Table 5.3 Summarized Accuracy Statistics for 13
Flood Events Comparing High‐R...

Chapter 9
Table 9.1 Root Mean Square Error (RMSE) and
Correlation Coefficient (R) of Mo...

Chapter 10
Table 10.1 Characteristics of Global Flood Models
Relative to Traditional Loc...
Table 10.2 Global Flood Model Details



Table 10.3 Different Possible Applications of Global
Flood Models with Refere...

Chapter 12
Table 12.1 Selected DEM Data Available Globally or
Near Globally
Table 12.2 Selected Available Global Hydrography
Database

Chapter 13
Table 13.1 Summary of the Land‐ Cover Data Sets.

Chapter 14
Table 14.1 List of risk models considered and their
main characteristics

Chapter 15
Table 15.1 Specifications of the Satellite GF‐1 and
Satellite GF‐2 Images
Table 15.2 Data Acquisition and Image Quality
Assessment
Table 15.3 Classification of Building Damage
Table 15.4 Floor Areas of Different Damaged
Buildings
Table 15.5 Classification of Road Damage
Table 15.6 Classification of Farmland Damage

Chapter 17
Table 17.1 A Nonexhaustive List of GFP Flood
Products Regularly Updated on th...

List of Illustrations



Chapter 1
Figure 1.1 Rainfall map by NASA’s Tropical Rainfall
Measuring Mission (TRMM)...
Figure 1.2 Near real‐time 0.04° precipitation
information provided by the Gl...
Figure 1.3 Near real‐time drought monitoring and
prediction system by the Gl...
Figure 1.4 Soil moisture observation by NASA’s Soil
Moisture Active Passive ...
Figure 1.5 Standardized Relative Humidity Index
(SRHI) for (a) August 2010, ...
Figure 1.6 Three‐month Standardized Precipitation
Evapotranspiration Index (...
Figure 1.7 Evaporative Stress Index (ESI) derived
from observations of land ...
Figure 1.8 A below‐normal snowpack observed by
the Moderate Resolution Imagi...
Figure 1.9 Global map of annual water storage
change for the period of 2002–...
Figure 1.10 Near real‐time drought monitoring and
prediction system by the G...
Figure 1.11 Temperature anomalies by the
Moderate Resolution Imaging Spectro...

Chapter 2
Figure 2.1 (a) A schematic description of the
surface‐layer component of the...
Figure 2.2 The GOES evapotranspiration and
drought product (GET‐D) system de...



Figure 2.3 The 2/4/8/12‐week composite of ESI
generated from the GET‐D syste...
Figure 2.4 The unique characteristics of Rapid
Change Index (RCI) values for...
Figure 2.5 The procedure for constructing the
BDI_b using the RMSEs estimate...
Figure 2.6 Monthly BDI_b for the Russian (from
40°N, 20°E to 70°N, 80°E) dom...
Figure 2.7 Monthly BDI_b for the southern United
States (from 25°N, −115°W t...

Chapter 3
Figure 3.1 Time series of Lake Powell elevation
variations based on observat...
Figure 3.2 (a) Monthly average precipitation and
SPI with a 6‐month timescal...
Figure 3.3 Storage variations of Lake Powell
estimated using radar altimetry...
Figure 3.4 Comparison of remotely sensed surface
area with observed storage/...
Figure 3.5 (a) Monthly average precipitation and
SPI with a 6‐month timescal...
Figure 3.6 ICESat‐2 ground tracks for: (a) some
natural lakes on the Tibetan...

Chapter 4
Figure 4.1 Plot of the reflectance of different land
types in the Vis to SWI...
Figure 4.2 SNPP/VIIRS false‐color images on 17
August (left) and 31 August (...



Figure 4.3 Scatter plots of suprasnow/supra‐ice
water (black), suprasnow/sup...
Figure 4.4 An example of a tree structure derived
from the C4.5 algorithm....
Figure 4.5 Scatter plots between different
combinations of variables for veg...
Figure 4.6 Sketch of a geometric model over an
ideal plane.
Figure 4.7 Sketch of a geometric model over a
spherical plane.
Figure 4.8 Interdetermination of cloud and cloud
shadow using multiple point...
Figure 4.9 (a) A VIIRS false‐color image, (b) a
VIIRS flood map without clou...
Figure 4.10 (a) The RMS height (γ) of terrain
shadows and (b) the RMS height...
Figure 4.11 (a) The Dmean of terrain shadows and
(b) the Dmean of floodwater...

Figure 4.12 (a) The Dn of terrain shadows and (b)
the Dn of floodwaters.

Figure 4.13 (a) A VIIRS false‐color image, (b) a
VIIRS flood map without ter...
Figure 4.14 Algorithm flow chart of the VNG Flood
V1.0.
Figure 4.15 The GOES‐16/ABI and the SNPP/VIIRS
flood detection maps of the W...
Figure 4.16 The GOES‐16/ABI and the SNPP/VIIRS
flood detection maps of the W...



Figure 4.17 Joint VIIRS/ABI Flood maps from the
GOES‐16/ABI and Suomi‐NPP/VI...
Figure 4.18 Suomi‐NPP/VIIRS flood map of
Bangladesh in southern Asia for 23 ...
Figure 4.19 A flood map generated by the United
Nations Institute for Traini...
Figure 4.20 SNPP/VIIRS ice‐jam flood detection
maps around Galena, Alaska: (...
Figure 4.21 (a) A SNPP/VIIRS false‐color composite
image and (b) a SNPP/VIIR...
Figure 4.22 January 2017 floods of California. (a) A
MODIS false‐color compo...
Figure 4.23 (a) A MODIS 2‐day and 3‐day
composite flood map of California on...
Figure 4.24 Flood maps from Sentinel‐1 and the
VIIRS of the West Gulf region...
Figure 4.25 Flood maps and images from Radarsat,
Sentinel‐2B, and Suomi‐NPP/...
Figure 4.26 (a) A Landsat‐8 OLI false‐color
composite image of Texas, on 6 J...
Figure 4.27 Three pairs of flood maps for
comparison between the SNPP/VIIRS ...
Figure 4.28 Scatter plot of
supravegetation/suprabare‐soil water detection p...
Figure 4.29 Scatter plot of suprasnow/supra‐ice
water detection percentage ...

Chapter 5
Figure 5.1 The general workflow of (a) MODIS
imagery processing, (b) water c...



Figure 5.2 Accuracy assessment for 13 flood events
comparing precision and r...
Figure 5.3 The general workflow of our Landsat
algorithm where we (a) prepro...
Figure 5.4 MODIS (left, red)) versus Landsat (right,
light blue) flood exten...
Figure 5.5 Comparing the Feyisa et al. (2014)
algorithm (light blue) to the ...
Figure 5.6 Estimated flood extent under various
recurrence estimates based o...
Figure 5.7 Nile Basin Dashboard: http://eastern‐
nile‐flood‐database.appspot....
Figure 5.8 Flood extent for the October to
December 2001 flood occurring in ...
Figure 5.9 The MODIS and Landsat time series of
annual inundated area and po...
Figure 5.10 Evidence of canals and dams in the
eastern Nile Basin indicating...
Figure 5.11 Percent of watershed area cloud free in
the Rio Salado Basin fol...
Figure 5.12 Exceptional flood events in the DFO
database: colored areas repr...
Figure 5.13 Number per country of total flood
events represented in the DFO ...

Chapter 6
Figure 6.1 Typical flood event maps regularly
prepared by the Dartmouth Floo...
Figure 6.2 Images from the Copernicus Sentinel‐1
radar satellite helped to m...



Figure 6.3 Illustration of model calibration and
validation results: (a) cal...
Figure 6.4 (top panel) Number of times water was
detected between 1987 and 2...
Figure 6.5 River Severn case study. Comparison
between forecast and observed...

Chapter 7
Figure 7.1 Time series of SPI, SSI, SRI, and MSDI
values during the period 2...
Figure 7.2 Integrated drought monitoring based on
the SPI, SSI, SRI, and MSD...
Figure 7.3 Similar to Figure 7.2 but based on
drought categories (–1 in the ...
Figure 7.4 Integrated drought monitoring based on
(a) the RMSDI and (b) asso...

Chapter 8
Figure 8.1 The framework of the proposed coupled
dynamical–statistical droug...
Figure 8.2 The monthly to seasonal drought
forecasting framework using the B...
Figure 8.3 Five conditional probability density
distributions (PDFs) of drou...
Figure 8.4 The flow diagram of the parallel particle
filtering framework (PP...
Figure 8.5 Monthly (top row) to seasonal (bottom
row) deterministic drought ...
Figure 8.6 Seasonal deterministic drought forecasts
from the current dynamic...



Figure 8.7 Coupled dynamical–statistical
probabilistic drought forecasts for...
Figure 8.8 Comparison of the coupled dynamical–
statistical probabilistic dro...
Figure 8.9 Comparison of the coupled dynamical–
statistical seasonal probabil...

Chapter 9
Figure 9.1 Illustrations of data coverage of SMAP
L3_SM_P sensors during an ...
Figure 9.2 A schematic illustration of time series of
precipitation and soil...
Figure 9.3 Locations of the six sample grids and
distribution of predominant...
Figure 9.4 Modeled soil moisture estimates and
retrieved SMAP observations o...
Figure 9.5 The same as Figure 9.4, but for the
verification period (8 Februa...
Figure 9.6 Scatter plot between the modeled soil
moisture estimates (y axis)...
Figure 9.7 Correlation between modeled soil
moisture and the SMAP observatio...
Figure 9.8 Spatial distribution of the model
parameters c1, c2, c3, and c4. ...

Figure 9.9 Drought conditions expressed as soil
moisture percentiles from (l...

Chapter 10
Figure 10.1 Timeline of global flood model (GFM)
development highlighting ke...



Figure 10.2 A simplified schematic of the two main
model structures used by ...
Figure 10.3 Map depicting the regions where each
global flood model (GFM) va...
Figure 10.4 Global flood model agreement across
Africa. (a) Aggregated flood...

Chapter 11
Figure 11.1 Schematic showing nested basins
where each subbasin was calibrat...
Figure 11.2 The evolution of the objective function
(KGE) from generation fi...
Figure 11.3 Streamflow time series for a selected
station (River Xingu at Bo...
Figure 11.4 The KGE skill score during calibration
and validation periods....
Figure 11.5 The variation of KGE skill score with
the bias in the baseline s...

Chapter 12
Figure 12.1 (a) Schematic diagram of the
procedures of error removal for gen...
Figure 12.2 The new error‐removed DEM (top), the
original DEM (2nd row), the...
Figure 12.3 (a) Example schematic of the DRT
algorithm for a hypothetical la...
Figure 12.4 The DRIVE model couples the (left) VIC
model and (right) the DRT...
Figure 12.5 Outline of the GFMS providing flood‐
intensity estimates and for...

Chapter 13



Figure 13.1 The Global Land Cover
Characterization map with International Ge...
Figure 13.2 The University of Maryland global land‐
cover map.
Figure 13.3 The Global Land Cover 2000 map.
Figure 13.4 The Moderate‐Resolution Imaging
Spectroradiometer land cover for...
Figure 13.5 The GlobCover global land‐cover map.
Figure 13.6 The Global Land Cover by National
Mapping Organizations map.
Figure 13.7 The Climate Change Initiative Land
Cover global map for the year...
Figure 13.8 The GlobeLand30 land cover map for
the 2010 epoch.
Figure 13.9 The SYNLCover global land cover data
set.
Figure 13.10 The temporal ranges and spatial
resolution of the land‐cover or...

Chapter 14
Figure 14.1 Schematic steps for the flood‐map
computation: (left) quantiles ...
Figure 14.2 Schematic view of the latest version of
the JRC flood impact mod...
Figure 14.3 Annual estimates of flood damage in
the EU in 1990–2013 (in grey...

Chapter 15
Figure 15.1 The study site in Jiangxi Province,
China.



Figure 15.2 Xiangyang levee breach in GF‐2
images.
Figure 15.3 The number of CCTV television reports
analysed by channels and d...
Figure 15.4 Direct tangible‐damage classification
and exposure analysis work...
Figure 15.5 A GF‐1 derived land‐cover map for the
study area.
Figure 15.6 Histogram of water index image (a)
before and (b) after the cubi...
Figure 15.7 Valleys and peaks in the histogram.
Figure 15.8 (a) The remote sensing image and (b)
its water extraction result...
Figure 15.9 Temporal distributions of the surface
water extent.
Figure 15.10 Temporal distributions of the flood
extent 22 June 2016 to 24 J...
Figure 15.11 (a) The television media image and (b)
postflood GF‐2 image.
Figure 15.12 The buildings in the television video.
Figure 15.13 Building damage exposure map.
Figure 15.14 Building damage distribution map.
Figure 15.15 Road damage exposure map.
Figure 15.16 Farmland damage exposure map.

Chapter 16
Figure 16.1 Kutupalong Megacamp for the
displaced Rohingya population in sou...



Figure 16.2 A timeline showing climate information
linked to specific decisi...
Figure 16.3 A community meeting in Shamlapur,
Bangladesh with the Rohingya p...
Figure 16.4 Example of a decision‐making
flowchart (DMF) template.

Chapter 17
Figure 17.1 Timeline of a river flood and GFP
product types to support disas...
Figure 17.2 The EFI of 48 h accumulated
precipitation for 26–27 August 2017 ...
Figure 17.3 July 2017 floods in South China. 1 in
100 year JRC flood map for...
Figure 17.4 Ensemble streamflow predictions from
GloFAS forecasts of 4 Augus...
Figure 17.5 The GFMS flood detection estimates
over the Ganges–Brahmaputra b...
Figure 17.6 Satellite‐based river discharge
estimates using passive microwav...
Figure 17.7 Inundation extent (in red) in
Bangladesh during the August 2017...
Figure 17.8 Maximum detected flood extent in
Texas and Louisiana, USA, follo...



Geophysical Monograph Series
214 Extreme Events: Observations, Modeling and
Economics
Mario Chavez, Michael Ghil, and Jaime Urrutia‐
Fucugauchi (Eds.)

215 Auroral Dynamics and Space Weather
Yongliang Zhang and Larry Paxton (Eds.)

216 Low‐Frequency Waves in Space Plasmas
Andreas Keiling, Dong‐ Hun Lee, and Valery
Nakariakov (Eds.)

217 Deep Earth: Physics and Chemistry of the
Lower Mantle and Core
Hidenori Terasaki and Rebecca A. Fischer (Eds.)

218 Integrated Imaging of the Earth: Theory and
Applications
Max Moorkamp, Peter G. Lelievre, Niklas Linde, and
Amir Khan (Eds.)

219 Plate Boundaries and Natural Hazards
Joao Duarte and Wouter Schellart (Eds.)

220 Ionospheric Space Weather: Longitude and
Hemispheric Dependences and Lower Atmosphere
Forcing Timothy Fuller‐ Rowell,
Endawoke Yizengaw, Patricia H. Doherty, and Sunanda
Basu (Eds.)

221 Terrestrial Water Cycle and Climate Change
Natural and Human‐Induced Impacts



Qiuhong Tang and Taikan Oki (Eds.)
222 Magnetosphere‐Ionosphere Coupling in the
Solar System
Charles R. Chappell, Robert W. Schunk, Peter M.
Banks, James L. Burch, and Richard M. Thorne (Eds.)

223 Natural Hazard Uncertainty Assessment:
Modeling and Decision Support
Karin Riley, Peter Webley, and Matthew Thompson
(Eds.)

224 Hydrodynamics of Time‐Periodic Groundwater
Flow: Diffusion Waves in Porous Media
Joe S. Depner and Todd C. Rasmussen (Auth.)

225 Active Global Seismology
Ibrahim Cemen and Yucel Yilmaz (Eds.)

226 Climate Extremes
Simon Wang (Ed.)

227 Fault Zone Dynamic Processes
Marion Thomas (Ed.)

228 Flood Damage Survey and Assessment: New
Insights from Research and Practice
Daniela Molinari, Scira Menoni, and Francesco Ballio
(Eds.)

229 Water‐Energy‐Food Nexus – Principles and
Practices
P. Abdul Salam, Sangam Shrestha, Vishnu Prasad
Pandey, and Anil K Anal (Eds.)

230 Dawn–Dusk Asymmetries in Planetary Plasma
Environments



Stein Haaland, Andrei Rounov, and Colin Forsyth
(Eds.)

231 Bioenergy and Land Use Change
Zhangcai Qin, Umakant Mishra, and Astley Hastings
(Eds.)

232 Microstructural Geochronology: Planetary
Records Down to Atom Scale
Desmond Moser, Fernando Corfu, James Darling,
Steven Reddy, and Kimberly Tait (Eds.)

233 Global Flood Hazard: Applications in
Modeling, Mapping and Forecasting
Guy Schumann, Paul D. Bates, Giuseppe T. Aronica,
and Heiko Apel (Eds.)

234 Pre‐Earthquake Processes: A
Multidisciplinary Approach to Earthquake
Prediction Studies
Dimitar Ouzounov, Sergey Pulinets, Katsumi Hattori,
and Patrick Taylor (Eds.)

235 Electric Currents in Geospace and Beyond
Andreas Keiling, Octav Marghitu, and Michael
Wheatland (Eds.)

236 Quantifying Uncertainty in Subsurface
Systems
Celine Scheidt, Lewis Li, and Jef Caers (Eds.)

237 Petroleum Engineering
Moshood Sanni (Ed.)

238 Geological Carbon Storage: Subsurface Seals
and Caprock Integrity



Stephanie Vialle, Jonathan Ajo‐Franklin, and J. William
Carey (Eds.)

239 Lithospheric Discontinuities
Huaiyu Yuan and Barbara Romanowicz (Eds.)

240 Chemostratigraphy Across Major
Chronological Eras
Alcides N.Sial, Claudio Gaucher, Muthuvairavasamy
Ramkumar, and Valderez Pinto Ferreira (Eds.)

241 Mathematical Geoenergy: Discovery,
Depletion, and Renewal
Paul Pukite, Dennis Coyne, and Daniel Challou (Eds.)

242 Ore Deposits: Origin, Exploration, and
Exploitation
Sophie Decree and Laurence Robb (Eds.)

243 Kuroshio Current: Physical, Biogeochemical
and Ecosystem Dynamics
Takeyoshi Nagai, Hiroaki Saito, Koji Suzuki, and
Motomitsu Takahashi (Eds.)

244 Geomagnetically Induced Currents from the
Sun to the Power Grid
Jennifer L. Gannon, Andrei Swidinsky, and Zhonghua
Xu (Eds.)

245 Shale: Subsurface Science and Engineering
Thomas Dewers, Jason Heath, and Marcelo Sánchez
(Eds.)

246 Submarine Landslides: Subaqueous Mass
Transport Deposits From Outcrops to Seismic
Profiles
Kei Ogata, Andrea Festa, and Gian Andrea Pini (Eds.)



247 Iceland: Tectonics, Volcanics, and Glacial
Features
Tamie J. Jovanelly

248 Dayside Magnetosphere Interactions
Qiugang Zong, Philippe Escoubet, David Sibeck, Guan
Le, and Hui Zhang (Eds.)

249 Carbon in Earth’s Interior
Craig E. Manning, Jung‐Fu Lin, and Wendy L. Mao
(Eds.)

250 Nitrogen Overload: Environmental
Degradation, Ramifications, and Economic Costs
Brian G. Katz

251 Biogeochemical Cycles: Ecological Drivers
and Environmental Impact
Katerina Dontsova, Zsuzsanna Balogh‐Brunstad, and
Gaël Le Roux (Eds.)

252 Seismoelectric Exploration: Theory,
Experiments, and Applications
Niels Grobbe, André Revil, Zhenya Zhu, and Evert Slob
(Eds.)

253 El Niño Southern Oscillation in a Changing
Climate
Michael J. McPhaden, Agus Santoso, and Wenju Cai
(Eds.)

254 Dynamic Magma Evolution
Francesco Vetere (Ed.)

255 Large Igneous Provinces: A Driver of Global
Environmental and Biotic Changes



Richard. E. Ernst, Alexander J. Dickson, and Andrey
Bekker (Eds.)

256 Coastal Ecosystems in Transition: A
Comparative Analysis of the Northern Adriatic and
Chesapeake Bay
Thomas C. Malone, Alenka Malej, and Jadran Faganeli
(Eds.)

257 Hydrogeology, Chemical Weathering, and Soil
Formation
Allen Hunt, Markus Egli, and Boris Faybishenko (Eds.)

258 At the Doorstep of Our Star: Solar Physics and
Solar Wind
Nour E. Raouafi and Angelos Vourlidas (Eds.)

259 Magnetospheres in the Solar System Romain
Maggiolo,
Nicolas André, Hiroshi Hasegawa, and Daniel T.
Welling (Eds.)

260 Ionosphere Dynamics and Applications
Chaosong Huang and Gang Lu (Eds.)

261 Upper Atmosphere Dynamics and Energetics
Wenbin Wang and Yongliang Zhang (Eds.)

262 Space Weather Effects and Applications
Anthea J. Coster, Philip J. Erickson, and Louis J.
Lanzerotti (Eds.)

263 Mantle Convection and Surface Expressions
Hauke Marquardt, Maxim Ballmer, Sanne Cottaar, and
Jasper Konter (Eds.)



264 Crustal Magmatic System Evolution: Anatomy,
Architecture, and Physico‐Chemical Processes
Matteo Masotta, Christoph Beier, and Silvio Mollo
(Eds.)



Geophysical Monograph 265

Global Drought and Flood
Observation, Modeling, and
Prediction
Huan Wu
Dennis P. Lettenmaier
Qiuhong Tang
Philip J. Ward
Editors

This Work is a co‐publication of the American Geophysical
Union and John Wiley and Sons, Inc.



This edition first published 2021
© 2021 American Geophysical Union
All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, except as permitted by law.
Advice on how to obtain permission to reuse material from this title is available
at http://www.wiley.com/go/permissions.
Published under the aegis of the AGU Publications Committee

Brooks Hanson, Executive Vice President, Science
Carol Frost, Chair, Publications Committee
For details about the American Geophysical Union visit us at www.agu.org.
The right of Huan Wu, Dennis P. Lettenmaier, Qiuhong Tang, and Philip J. Ward
to be identified as the authors of the editorial material of this work has been
asserted in accordance with law.
Registered Office
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
Editorial Office
111 River Street, Hoboken, NJ 07030, USA
For details of our global editorial offices, customer services, and more
information about Wiley products visit us at www.wiley.com.
Wiley also publishes its books in a variety of electronic formats and by print‐on‐
demand. Some content that appears in standard print versions of this book may
not be available in other formats.
Limit of Liability/Disclaimer of Warranty
While the publisher and authors have used their best efforts in preparing this
work, they make no representations or warranties with respect to the accuracy
or completeness of the contents of this work and specifically disclaim all
warranties, including without limitation any implied warranties of
merchantability or fitness for a particular purpose. No warranty may be
created or extended by sales representatives, written sales materials or
promotional statements for this work. The fact that an organization, website, or
product is referred to in this work as a citation and/or potential source of
further information does not mean that the publisher and authors endorse the
information or services the organization, website, or product may provide or
recommendations it may make. This work is sold with the understanding that
the publisher is not engaged in rendering professional services. The advice and
strategies contained herein may not be suitable for your situation. You should
consult with a specialist where appropriate. Further, readers should be aware
that websites listed in this work may have changed or disappeared between
when this work was written and when it is read. Neither the publisher nor
authors shall be liable for any loss of profit or any other commercial damages,
including but not limited to special, incidental, consequential, or other
damages.

http://www.wiley.com/go/permissions
http://www.agu.org/
http://www.wiley.com/

