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Abstract

Prediction of the pattern of water level is one of the benchmark in flood forecasting and analysis;
this has become one of the most important issues in hydrological research. Water level is an essential
component in the process of flood warning and mitigation strategies. This review revealed that water
level study is an essential component in any purported flood warning and mitigation designs. Worthy
of mentioning in this context is the need for effective water levelforecasting. However, the
development of any forecasting system is highly fraught with encumbrances like hysteresis in the
stage hydrograph due to random behaviour of river flow regime and uncertainty. Thus, within the
general context of the discourse, the critical issues are the determination of appropriate forecast

model, forecast lead time, and suitable water level for standby alarms and areal alert.
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1. Introduction
Flooding is considered as one of the major threats to human civilization and is directly attributed to
heavy rainfall leading to loss of human life, properties, infrastructure damage, as well as huge
economic losses (Kundzewicz, 2002, Singh et al., 2018). Climate change, intense natural resource
exploitation and inappropriate land use have altered the hydrological response of catchments
(Egbentaet al., 2015). These factors increase the frequency and magnitude of flood events. It was
estimated that Nigeria suffered combined losses of over $16.9b in damaged properties, oil production,
agricultural and other losses due to flood events in 2012 alone (AmangabraandObenade, 2012,
Egbentaet al., 2015). Similarly, a combination of an exposed, vulnerable and ill-prepared population

may enhance such situations which generate additional risks. The insufficient capacity of public
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authorities and rescue services to act diligently in these situations also increases risks (ISDR, 2017).
High population density in urban area present a higher disaster risk (Flood Warning Guide: FWG,
2010). They are expected to experience the effects of climate change with the increment of intensity
and frequency of harmful events such as flash floods (Flood Early Warning System Reference Guide:
FEWSRG, 2010). The flooding that affects the vast majority of the world’s regions is fluvial flooding
or river flooding. This type of flood occurs when the rivers overflow or burst their banks due to
excessive rainfall over an extended period of time and spill onto the floodplain (Alfieri et al., 2018;
Maggioni and Massari, 2018). Other flood that can also be experienced is pluvial flooding or surface
water flooding which is a problem in many cities and occurs when there are high intensity of rainfall;
here, the sewage and drainage system become overwhelmed and excess water cannot be absorbed
into the soil. This also can be due to sewage and drainage blockage by human waste. This problem is
enhanced in cities with insufficient or non-existent sewer systems. It suffices to note however that
fluvial floods are more disastrous than pluvial flooding as they do have high return period. Pluvial
floods come with less damage but, the frequency is higher and the cumulative damage over the years
can be just as high as with fluvial flooding events (Jiang. et al., 2018; Ten Veldhuis, 2011). Floods
are among the most devastating natural disasters in the world, claiming more lives and causing more
property damage than any other natural phenomena. In Nigeria, though not leading in terms of lives
claimed, flood affects and displaces more people than any other disaster; it also causes more damage
to properties. For instance, fluvial flood experienced in Nigeria in 2012 is the worst in living memory
(Social Action, 2012). At least 20 per cent of the population is at risk from one form of flooding to
another (Social Action, 2012). These losses are expected to escalate in the future due to climate
change, land use change, deforestation, rising sea levels, and population growth in flood-proneareas,
causing the number of people vulnerable to flood disasters globally to increase to two billion by 2050
(Bogardi, 2004, Vogogelet al., 2011; ICHARM, 2009).

Therefore, to avoid further disaster by flood, flood warning program must be introduced to increase
lead time for watches and warnings at locations subject to flood risk. The information can be used to
predict whether a flood is about to occur, when it will arrive, and how severe it will be. The warning
system allows Organizations and individuals to develop their preparedness and response regimes

accordingly; with this, the concomitant impacts can be mitigated.
2. Flood warning and mitigation in perspective
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A flood warning is an information in the form of a prediction about a flood that is likely to happen.
This information is usually targeted at and communicated to people who are in the path of the flood
in advance of the flood occurring, with the intention of enabling them to avoid harm. Such
information may also be communicated to infrastructure providers (e.g., electrical power companies)
to enable them to take actions to avoid the disruptive effects of power outages and also to those
operating flood barriers. Many population centers are protected from flooding by flood forecasting
and warning systems that operate in conjunction with large-scale flood barriers that are closed when
forecast thresholds are reached. Warnings are also provided for professional emergency responders
so that they are alerted, for example, to evacuate people from an area likely to be flooded (Parker,

2017).

A successful flood warning system consists of several interacting components such as: continuous
monitoring and forecasting of weather patterns, particularly precipitation, and water levels; detection
of potentially hazardous situations; definition and implementation of rules on when, how and whom
to warn in case of rising flood water levels and what to communicate in order to activate organizations
in charge of civil protection as well as potentially affected people; and an adequate and effective
response to the unfolding flood situation (e.g. Parker et al., 1994; Parker and Priest, 2012). Hence, a
flood warning system is more adequately addressed as a flood-forecasting, warning and response
system (FFWRS; Parker and Priest, 2012). In a FFWRS, several organizations have to collaborate
and information has to be communicated, disseminated and interpreted correctly along a chain of
different stakeholders, including the general public, which opens the door for many pitfalls that
reduce the system’s overall efficiency. Consequently, redundancies are seen as an important principle
at all levels (Parker and Priest, 2012). Flood warning components in this context is as depicted by

Figure 1.
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Figure 1.The flood forecasting, warning, and response system (FFWRS)

Source: (Krysztofowiczand Davis, 1983)

The components of an early warning system consists of a chain of subsystems. The first link is the
forecasting system which consists of data gathering component, a component for transmission of the
data to the forecasting center, and a component of forecast preparation. In the forecasting center, the
data are converted into a forecast, which then is transmitted to the decision maker. The decision
maker then uses the forecasts to prepare and release a warning, depending on his evaluation. Then
the response system is activated. The warning is transferred to the local authorities, who have to take
appropriate preventive action and pass the warning on to people in a form so that they can react

(Krysztofowiczand Davis, 1983).

Therefore, for a real-time solution, an effective flood warning should be based on the regular
collection of water level data, this can be done through routine monitoring in which the operating
personnel make visit to stream gauging stations or hydrometric stations to collect information on
temporal water levels.The objective of this is to have an idea of the transient change in the level of

the river so that at critical peak flow period, warning can be issued.
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3 Water level forecasting for flood and general river system management

Water level is the depth of flow above the river bed which is used to estimate the discharge; thus,
because of this, water level is considered as a critical component in river flow forecasting especially
water issues like hysteresis effects and uncertainty in stage-discharge relationship are taken into
reckoning. River stage forecasting is crucial in water resources management and real-time prediction
of extreme floods.Over any given region, the water level as well as the quantity of water flowing in
streams may vary widely in both time and space. The fluctuation in discharge and water level results
from variation in duration, frequency, intensity, areal cover of precipitation and variation in the
catchment characteristics. Knowledge of river flow and its variability is an essential requirement for
assessment, management and control of surface water resources. The basic data required for flood
frequency studies, flood inundation modelling, design of flood protection and warning systems, river
sediment management, water supply engineering, drought studies and geomorphologic studies are

records of discharge measurement in river (WMO, 2011a).

Development of optimal flood forecasting and viable flood risk management systems have been
advocated as measures of flood preparedness (Arduinoet al., 2005, WMO, 2011a) for a variety of
reasons. Due to the uncertainties surrounding the magnitude, timing and place of occurrence,
geographical extent, and geophysical interactions of floods, it is often not possible to completely
control them. As a result, complete protection from floods is not always considered as a viable
alternative (Moore ef al., 2005). Therefore, accurate water level forecasting that results from hydro-
meteorological variations and anthropogenic disturbances are very vital for environmental protection
and flood management strategy (Hofmann et al., 2008). During flood events, reliable water level
prediction enable the use of both early warning systems to alert the population and for real time
control of hydraulic structures, like diversion, gates etc., to mitigate flood effect. Water level
fluctuations are dependent on diverse factors such as the spatial and temporal distribution of
precipitation, topography, soil type, vegetation, land-use, catchment hydrology and the built

environment, making flood forecasting a difficult exercise (White, 2001).

Therefore, Information on the flood evolution must be provided with a reasonable lead time to be
effective, but this is not an easy task, particularly in Nigeria where the historical data needed for
forecasting are not readily available; this situation makes real-time prediction of hydrological

phenomenadifficult. Therefore, managing river systems that flow across borders is complex and
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multifaceted. The issue encompasses theoretical and practical debates that, in some form, have been
present since the beginning of mankind, as they reflect human attitudes and values. As such, effective
prediction approaches play an important role; for instance in the studies of lakes. They can be used
to simulate the water level variations based upon the available measured data and predict the possible

responses under different scenarios, supporting management decisions of valuable water resources.

3.1 Methods / approaches adopted for water level forecasting

The knowledge of the surface water system has a wide range of applications in life. Regular
monitoring and studying of river water level behavior is important from several perspectives most
especially for timely forecasting of floods and dry spells and this is exemplified by numerous
references (Chinhet al., 2009; Koutrouliset al., 2010; Valle Venencio and Garcia, 2011). In this sense,
the analysis of the change in water level as well as water level forecast have been subjects of
numerous research activities, though, it has been possible thus far to reliably predict water level of
river a few days in advance. Hydrologists are now developing, with the aid of river level data from
the last six decades, a calculation model that enable longer-term water level predictions. Therefore,
In terms of forecasting techniques, it is reported that many analyses of water level forecasting
approaches had been done in hydrological problems. The choice of the forecasting model is an

important factor in order to improve the forecasting accuracy (Areekulet al., 2010).

In the last decade a new type of data-driven models, based on artificial intelligence and soft
computing technique have been applied in water level forecasting. In particular, Artificial Neural
Network (ANN) is one of the most widely used technique in the forecasting field (Hsu et al., 1995).
Most applications based on these models consider the discharge as forecasting variable (Imrieet al.,
2000; Dawson et al., 2002; Moradkhanyet al., 2004), probably because of a historical contiguity with
the classes of conceptual and physically based rainfall-runoff models. Such an approach requires the
knowledge of the rating curve in the cross section of interest (i.e. the basin outlet) to parameterize the
model. However, the knowledge of the water level is required within the framework of a flood
warning system and thus the rating curve has to be used also to transform the forecasted flows into

water levels.
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Altunkaynak (2007)applied an artificial neural network model to accurately predict dynamic changes
of surface water level in the lake. Van. Yararer al. (2009) estimated level changes of Lake Beysehir
in Turkey using the adaptive neuro-fuzzy inference system (ANFIS), ANN, and seasonal
autoregressive integratedmoving average (SARIMA) approaches. Kisi et al. (2012) also forecasted
daily lake levels by artificial intelligence approaches. However, detailed comparison of the time
series forecasting and ANN models with the physically based models has not yet been studied in

lakes.

Models based on ANN, FL, etc., and, more in general, all data-driven models, can be designed to
forecast water levels directly, given their very nature. For instance, Campoloet al. (1999), See and
Openshaw (1999), See and Openshaw (2000), Thirumalaiah and Deo (2000), Campoloet al. (2003),
Young (2001, 2002), developed models based mainly on applications of the ANN techniques, while
Krzysztofowicz (1999, 2001), Krzysztofowicz and Kelly (2000), Krzysztofowicz and Herr (2001)
developed a Bayesian forecasting system which produces a short-term probabilistic river level

forecast based on a probabilistic quantitative precipitation forecast.

On the other hand, physically based numerical models are constructed using a set of governing
equations that address conservation laws of mass/momentum and transport processes. In contrast to
a simple zero-dimensional mass balance computation for elevation and storage, these models can
provide more detailed spatial-temporal patterns of water level, circulation, vertical
stratification/mixing, and other aspects of lake physics (Kimuraer al., 2012; AnyahandSemazzi,
2009). Young et al. (2015) used physically based hydrodynamic model to accurately predict water
level fluctuations. To address these issue of water level forecasting, time series modelling has been

also explored over time.

In this regard, well-known technique such as ARIMA and SARIMA are most commonly used for
time series forecasting, however, they have limitations in applications due to linearity issue.Time
series forecasting methods that define the trend or stochastic processes of variables have also been
applied to predict water level fluctuation in lakes. One of the most commonly used approaches is the
autoregressive integrated moving average (ARIMA) model, where the autoregressive and moving
average filters account for systematic effects and internal shock effects in the endogenous variable,
respectively. But, ARIMA models require a stationary time series without data missing (Ediger and

Akar, 2007). Based on the observations time series, an identified underlying process can be
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constructed under the assumptions of linearity, normality, and homoscedasticity. Thus, for better
prediction accuracy and variability in endogenous variables, an autoregressive moving average with

exogenous (ARMAX) model includes the explanatory variables in the cause-effect technique.

One of the most common methods, based on times series analysis, are models based on the
combination of autoregressive model and moving average model to increase efficiency and accuracy
of water level forecasting. Therefore, the implementation of water level forecasting requires both
human and computing resources. Sufficient resources must be in place to support not only the
development of the system but to operate and maintain it through time. Thus, in general,water level
forecasting is constrained by many issues such as the availability and types of data and their
representativeness and quality. Specifically, the issues of immediate concern here are as discussed in

the next section.

4.0 Emerging issues in water level forecasting

Water levels are designed to make local authority aware of the level of danger posed by the rising
water level so that a necessary emergency arrangement could be initiated for the welfare of the local
community affected by the river. As the water level forecasting could reduce the damage from the
impact of flooding in agriculture, public uses, avoid both life and economic loss, it is therefore
important to predict its fluctuation. Prediction of the pattern of water level is one of the benchmark
points in the flood forecasting analysis and has been one of the most important issues in hydrological
research. Water level is an essential component in the process of forecasting flood resources
evaluation and is considered as a central problem in hydrology (Ekhwahet al., 2009).

The most critical issues involved in water level forecasting are:

a) Choice of time horizon for the practicalities of flood protection:
In general, water level changes seasonally (e.g., high in the rainy season and low in the dry season)
with sharp rising/falling limbs during flood events, but not in a simple periodic mode;this give rise
to hysteresis in the hydrograph with associated problem in the development of an effective rating
curve for a particular river section. Therefore, it is a serious challenge to thehydrologists to decide
the time suitable for flood protection especially due to the lack of the following vita information,

namely:
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1. Amount of rainfall occurring on a real time basis

2. The rate of change in river stage on a real time, which can help indicate the severity and
immediacy of the threat.

3. Knowledge about the type of storm producing the moisture, such as duration, intensity and areal
extent, which can be valuable for determining possible severity of the flooding.

4. Knowledge about the characteristics of river’s drainage basin, such as soil moisture conditions,
ground temperature, topography, vegetation cover, and impermeable land area, which can help to

predict how extensive and damaging a flood might become.

Against this backdrop therefore, the appropriate time horizon to be chosen for flood forecasting for
the practicalities of flood protection such as alerting the appropriate authorities, issuing of warnings
to industries and households in the vicinity and protection of property become an issue of great
concern because the catchment is not continually monitored by the agency or government institutions

and bodies responsible for flood defence (Environmental Protection Agency: EPA, 2002).

b) Choice of appropriate or critical water level for the assurance of standby alarms to duty

officer and area alert;

Flood response levels for Agency/ Jurisdiction will be based on river stage for a given river at a given
hydrometric station so that when the water levels at the station reached the required height (m) based
on historical data, the standby alarm to duty officers monitoring the catchment will be triggered.
According to EPA (2002), an area alert is activated when the level reaches 3.5m and flood warning
is issued as the level continues to rise but in Nigeria today, the choice of appropriate water level has
been a great issue due to the fact that the agencies in charge of monitoring lack the requisite capacity
to do. So, this is compounded by inadequate data on water level rises as well as absence of

telemetering gauges for real-time transmission of information and corresponding analysis.

According to Sample Flood Safety Plan ( 2011), flood stage monitoring comprises of observing the
readings from specific real-time, telemetered stream gauge that report the conditions on water
courses that affect potential flooding in the area. For each gauge location on a stream or water course,
stages or flows have been categorized into three levels: monitoring stage, danger stage, or flood stage

but responding to these stages have been a challenging issues due to its complex nature especially
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due to inability of agencies shouldered with responsibility to put the necessary structures to access
the real time gauge through the internet hence they cannot directly monitor the outflow at the various
areas that are been affected. Thus, deciding the choice of water level remains a challenging issue
especially in an area where there is no levee patrols when the elevation reaches the assumed height
at the location for a named river as well as monitoring and surveillance information to decide if it is
necessary to begin flood operation or direct flood fight resources to specific area where flooding is
occurring or may occur soon. Concisely, lack of or improper use of technical information have been

the issue; these technical information include:

1. Radio Reporting Rain Gauges: According to Flood Warning Systems Manual, (2012), gauges
have two primary functions—sensing and communicating. Sensing involves detection of an
“event”, which is the smallest unit of measurement desired, such as 1 millimeter of rain, 1/100
inch of stage height, etc. Communicating involves reporting the event to a user location. For
maximum flexibility, nearly all gauges are designed to allow multiple sensors at a particular site
to report through a single communications platform. The gauge assigns a unique identifier to each
individual sensor type (rain, stream, temperature, wind speed, etc.), and communicates both. This
radio reporting rain gauge is usually needed in remote areas where commercial power is
unavailable; but appropriate disseminating this information has become an issue.

2. Stream Gauge: In small watersheds, stream flow observations are not noted so it is difficult to
calibrate watershed models and verify forecasts from models, or trigger alarms when flooding is
impending or occurring. The placement of stream gauges is not usually guided by public warning
requirements and forecast model requirements. Gauges used for stage alarms are at times not even
located at key points of potential damage and at points that are far enough upstream to yield
enough warning time for downstream locations.

3. Communications Media:Alert gauges and other forms of radio transmissions are susceptible to
interference from man-made electrical noise, atmospheric conditions, and other transmitters on
the same or adjacent frequencies. Because multiple alert transmitters share common radio
frequencies, there are instances when simultaneous transmissions occur. Most VHF/UHF radio-
based communications platforms do not use the alert radio transmission protocol, which transmits
in real time when each sensor event occurs. Alert systems may be fast, have good resolution, and
low operating costs, but they have a limited transmission range. Therefore, remote areas are at

risk during flood events.
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4. Software:The primary function of automated flood warning system (AFWS) software is to
collect and interpret raw data sent from remote gauge locations. Most software also includes one
or more applications that enable the user to view the data as graphical or text information, both
locally and on the internet. Obviously most of the agencies in Nigeria do not have this software
and even if they do, it is not properly managed. Agencies of Government like Nigerian
Emergency Management Agency:NEMA and Nigerian Hydrological Services Agency: NHSA

may not have been operationally organisedto technically address the issues mentioned here.

¢) Data collected in terms of type, size and quality:

There are important challenges facing Federal Agencies that collect and manage hydrologic data.
One of these challenges is related intrinsically to the type of problems for which hydrologic data are
being used. The analysis of problems related to floods and droughts requires specific information
about extreme events, which can be developed only after conducting decades or substantial period of
precipitation and streamflow monitoring across a variety of different climatic and hydrologic setting.
In general, the broad spectrum of present and future scientific water problems nationwide requires
monitoring systems that function reliably over both large and small temporal and spatial scales.
Unfortunately, the observational networks to measure various water characteristics have been in
decline during the last 30 years due to political and fiscal instabilities (NRC, 1991; Entekhabiet al.,
1999); this is basically not in term of the number of available institutions but rather the capacity and

the associated service delivery.

In general, most often than not, the situation leads to imperfect characteristics of the produced data
such as missing data and inconsistent value of data are therefore issues of great concern. Datapre-
processing such as consistency and extension and infilling through either interpolation or extrapolation
can also influence the performance of the prediction model (Zhang, 2002) because a large element of
uncertainty exists in extrapolation process. It is difficult to categorically comment on the existing
stations of Government Agencies to adequately handle these issues considering mal-functional nature

of government agencies and interrelated problem of function duplication..

d) Choice of Model/ Model Performance:

The transformation of precipitation into channel flow by determining its depth(level) is a highly

complex physical process. A common practice is to use a hydrological model to represent watershed
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process. Many different hydrological models have been produced by government agencies,
universities, and private companies. They offer a wide range of process simulation options, differing
levels of complexity and data requirements, and various degrees of technical support and training.
Their application also depends on the forecasting objective, geographical and environmental factors,
as well as institutional capabilities. Therefore, the selection ofa “best choice” flood forecasting model

needs to be based on a systematic approach (Lettenmaier and wood, 1993).

It is therefore imperative to note that Comparing Hydrological Flood Forecasting Models (HFFMs)
is not a new idea, but assembling the required data for model forecasting is challenging and
complex.A traditional approach is to select a gallery of models for comparison, and a watershed
where models can be run. But the common data set to be assembled include meteorological data,
observations of flow and stage, soil characteristics, and all other data that might be used to
parameterize the models which are not readily available. Each model is configured for the watershed
using the assembled data. Performance metrics are defined, and calculated for each model in the inter-
comparison. The models are then ranked based on the performance metrics. This process may be
repeated for a variety of different watersheds in various climates or regions of the world representing
different hydro-meteorological conditions. The general idea is to select a single, most appropriate
model for a particular set of hydro-meteorological and institutional conditions. Therefore, the spatial
and temporal resolution of models depend on a wide range of factors. The temporal resolution
depends on the frequency of input data and data assimilation as well as the forecast purpose. The
spatial resolution depends on the density of the observing network, interpolation possibilities,
variability of the flow conditions and the spatial characteristics of the area for which the forecast is
issued (Lettenmaier and wood, 1993). But alarming in this regard is the haphazard nature of how
things are being handled; institutions that are supposed to handle this critical component are not taken

into proper contextual / operational reckoning.

5. Conclusion

Floods are among the most devastating natural disasters in the world, claiming more lives and causing
more property damage than any other natural phenomena. Therefore to avoid further disaster by

flood, flood warning program must be introduced to increase lead time for monitoring and warning
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at location subject to flood risk. This information can be used to predict whether a flood is about to
occur, when it will arrive and how severe it will be; for real-time solution, an effective flood warning
should be based on the regular but temporal collection of water level data that would allow for the
fastest possible response to flood event. In this regard, effective prediction approaches play an
important role in the study of river which can be used to simulate water level fluctuations. This water
level forecasting is constrained by many issues such as choice of time horizon, appropriate water
level for standby alert, type of model to be applied, and data availability in terms of quality and type.
In general, addressing water resources concerns in the future will require increasingly substantial data
base: in this regards, both Streamflow and water level data are needed to support important public

policy decisions concerning towns located in the floodplains of rivers.
Refrences

Alfieri, L.; Cohen, S.; Galantowicz, J.; Schumann, G.J.-P.; Trigg, M.A.; Zsoter, E.; Prudhomme, C.;
Kruczkiewicz, A.; de Perez, E.C.; Flamig, Z.(2018). A global network for operational flood
risk reduction. Environ. Sci. Policy, 84, 149-158.

Arduino, G., Reggiani, P., and Todini, E., (2005). Recent advances in flood forecasting and flood
risk assessment. Hydrology and Earth Sciences, 9 (4), 280-284. doi:10.5194/hess-9-280.

Amangabra, G.T. andObenade, M., (2015). Flood vulnerability assessment of Niger Delta states
relative to 2012 flood disaster in Nigeria. American Journal of Environmental Protection,
3(3), pp. 76-83.

Anyah, R. O., and Semazzi, F. (2009). “Idealized simulation of hydrodynamic characteristics of Lake
Victoria that potentially modulate regional climate,” International Journal of Climatology,
vol. 29, no. 7, pp. 971-981.

Altunkaynak, A. (2007). “Forecasting surface water level fluctuations of lake van by artificial neural
networks,” Water ResourcesManagement, vol. 21, no. 2, pp. 399-408.

SPSBIC2019 CHEMICAL SCIENCES 842 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Areekul,P., Senjyu, T., Toyama, H and Yona, A. (2010).4 Hybrid ARIMA and Neural Network Model
for Short-Term Price Forecasting in Deregulated Market. Japan, Department of Electric and
Electron, Engineer University of the Ryukyus, Nishihara.

Bogardi J. (2004). Update.unu.edu. The newsletter of the United Nations University and its
international network of research and training centres/programmes. Issue 32. (Available
online athttp://update.unu.edu/archive/issue32.htm

Basheer, 1. A., and Hajmeer, M. (200). “Artificial neural networks— fundamentals, computing,
design, and application,” Journal ofMicrobiological Methods, vol. 43, no. 1, pp. 3-31.

Campolo, M., Andreussi, P., and Soldati, A. (1999). River flood forecasting with neural network
model, WaterResour. Res., 35(4), 1191-1197.

Campolo, M., Andreussi, P., and Soldati, A. (2003). Artificial neural network approach to flood
forecasting in the river Arno, Hydrol. Sci. J., 48(3), 381-398.

Chinh, L., Hiramatsu, K. and Mori, M. H. M. (2009). Estimation of water levels in a main drainage
canal in a flat low-lying agricultural area using artificial neural network models, Agricultural
Water Management 96: 1332—1338.

Dawson, C. W., Harpham, C., Wilby, R. L., and Chen, Y. (2002). Evaluation of artificial neural
network technique in the River Yangtze, China, Hydrol. Earth Syst. Sci., 6, 619-626, SRef-
ID: 1607-7938/hess/2002-6-619.

Egbenta, I.R., Udo, G.O. andOtegbulu, A.C., (2015). Using hedonic price model to estimate effects
of flood on real property value in Lokoja Nigeria. Ethiopian Journal of Environmental Studies
and Management, 8(5), pp. 507-516. http://dx.doi.org/10.4314/ejesm.v8i5.4

SPSBIC2019 CHEMICAL SCIENCES 843 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Entekhabi, D., G. R. Asrar, A. K. betts, K. J. Beven, R. L. Bras, C. J. Duffy, T. Dunne, R. D. Koster,
D. P. Lettenmaier, D. B. Mclaughlin, W. J. Shuttleworth, M. T. VanGenuchten, M. Y. Wei,
and Wood, E. F.,(1999). An agenda for land surface hydrology research and a call for the
second international hydrological decade. Bull. Amer. Meteor. Soc. 80:2043-2058.

Environmental Protection Agency: EPA, (2002). National Water Quality Inventory — 2000 report:
EPA-841-R-02-001. Washington DC: EPA.

Ediger V. S., and Akar, S. (2007). “ARIMA forecasting of primary energy demand by fuel in
Turkey,” Energy Policy, vol. 35,n0. 3, pp. 1701- 1708.

Ekhwah, M. T.Juahir, H.,Mokhtar, M., Gazim, M. B., Abdullah, S. M. S., and Jaafar, O. (2009).
“Predicting for Discharge characteristics in Langat River, Malaysia using Neural Network
Application Model,” Research Journal of Earth Sciences, vol. 191, pp. 15-21.

Hofmann, H.,Lorke, A., andPeeters, F. (2008): “Temporal scales of water-level fluctuations in lakes
and their ecological implications,” Hydrobiologia, vol. 613, no. 1, pp. 85-96.

Hsu, K. L., Gupta, H. V., and Sorooshian, S. (1995). Artificial neural network modeling of the
rainfall-runoff process, WaterResour. Res., 31(10), 2517-2530.

ICHARM Report, (2009). Global trends in water related disasters: an insight for policymakers.
International Centre for Water Hazard and Risk Management (UNESCO), Tsukuba, Japan,

http://www.icharm.pwri.go.jp.

International Strategy for Disaster Reduction (ISDR). UNISDR Terminology on Disaster Risk
Reduction. Available online: https://www.unisdr.org/we/inform/publications/657 (accessed
on 24 July 2017).

SPSBIC2019 CHEMICAL SCIENCES 844 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Imrie, C. E., Durucan, S., and Korre, A. (2000). River flow prediction using artificial neural networks:
generalizations beyond the calibration range, J. Hydrol., 233, 138—153.

Jiang, Y.;Zevenbergen, C.; Ma, Y. (2018). Urban pluvial flooding and stormwater management: A
contemporary review of China’s challenges and ‘sponge cities’ strategy. Environ. Sci. Policy,
80, 132-143.

Kundzewicz, Z.W. (2002). Non-structural flood protection and sustainability. Water Int. 27, 3—13.

Kisi,O., Shiri, J., and Nikoofar, B. (2012). “Forecasting daily lake levels using artificial intelligence
approaches,” Computers andGeosciences, vol. 41, pp. 169—180.

Kimura, N., Liu, W. C., Chiu, C. Y., Kratz, T. K., and Chen, W. B. (2012).“Real-time observation
and prediction of physical processes in a typhoon-affected lake,” Paddy and Water
Environment, vol. 10, no. 1, pp. 17-30.

KRZYSZTOFOWICZ R and DAVIS DR (1983). A methodology for evaluation of flood forecast-
response systems (1. Analysis and Concepts). Water Resour. Res. 19 (6) 1423-1429.

Krzysztofowicz, R. (1999) Bayesian theory of probabilistic forecasting via deterministic hydrologic
model, Water Resour. Res., 35(9), 2739-2750.

Krzysztofowicz, R. and Kelly, K. S. (2000). Hydrologic uncertainty processor for probabilistic river
stage Forecasting, Water Resour. Res., 36(11), 3265-3277.

Krzysztofowicz, R. and Herr, H. D. (2001). Hydrologic uncertainty processor for probabilistic river
stage forecasting: precipitationdependent model, J. Hydrol., 249, 4668, 2001.

SPSBIC2019 CHEMICAL SCIENCES 845|Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Krzysztofowicz, R. (2001). Integrator of uncertainties for probabilistic river stage forecasting:
precipitation-dependent model, J. Hydrol. 249, 69-85.

Koutroulis, A. G., Tsanis, I. K. and Daliakopoulos, I. N. (2010). Seasonality of floods and their
hydrometeorologic characteristics in the island of Crete, Journal of Hydrology 394: 90—100.

Lettenmaier, D. P., and Wood, E. F., (1993). Hydrological Forecasting, Chapter 26 in Handbook of
Hydrology. (D. Maidment, ed.), McGraw-Hill. D.P.

Maggioni, V.; Massari, C. (2018). On the performance of satellite precipitation products in riverine
flood modeling: A review. J. Hydrol. 558, 214-224.

Makridakis S, Wheelwright SC, Hyndman RJ (1998). Forecasting Methods and Applications, JHON
WILEY and SONS.

Moore, R.J., Bell, V.A., and Jones, D.A.(2005). Forecasting for flood warning. ComptesRendus
Geosciences, 337 (1), 203-217. doi:10.1016/j.crte.2004.10.017.

Moradkhany, H., Hsu, K. L., Gupta, H. V., and Sorooshian, S. (2004). Improved streamflow
forecasting using self-organizing radial-basis function artificial neural networks, J. Hydrol.,
295, 246-262.

National Weather Services, (2012): Flood Warning Systems Manual. US department of commerce.
Version 1.0.

National Research Council (NRC). (1991): Opportunities in the Hydrologic Science. Washington,
DC: National Academy Press

Parker, D.J. (2017). Flood Warning Systems and Their Performance. In Oxford Research
Encyclopedia  of  Natural = Hazard Science;  2017; Available  online:

SPSBIC2019 CHEMICAL SCIENCES 846 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

http://naturalhazardscience.oxfordre.com/view/10.1093/acrefore/9780199389407.001.0001/
acrefore-9780199389407-e-84.

Parker, D. J. and Priest, S. J. (2012). The Fallibility of Flood Warning Chains: Can Europe’s Flood
Warning be Effective? Water Resour. Manag. 26, 2917-2950.

Parker, D. J., Fordham, M., &Torterotot, J-P. (1994). Real-time hazard management: Flood
forecasting, warning and reponse. In E. C. Penning-Rowsell& M. Fordham (Eds.),
Floodsacross Europe: Flood hazard assessment, modelling and management (pp. 135-166).
London: Middlesex University Press.

Social action (2012). The 2012 Floods. Social Action Briefing, No. 5 December, 2012 pp. 2-14

Singh, P.; Sinha, V.S.P.; Vijhani, A.; Pahuja, N. (2018). Vulnerability assessment of urban road
network from urban flood. Int. J. Disaster Risk Reduct. 28, 237-250.

See, L. and Openshaw, S. (1999). Applying soft computing approaches to river level forecasting,
Hydrol. Sci. J., 44(5), 763-778.

See, L. and Openshaw, S. (2000). A hybrid multi-model approach to river level forecasting, Hydrol.
Sci. J., 45(4), 523-536.

Sample flood safety (2011). California department of water resources.

Ten Veldhuis, J.A.E. (2011). How the choice of flood damage metrics influences urban flood risk
assessment. J. Flood Risk Manag. 4, 281-287.

Thimuralaiah, K. and Deo, M. C. (2000). Hydrological forecasting Using Neural Networks, J. Hydrol.
Eng., 5(2), 180-189.

SPSBIC2019 CHEMICAL SCIENCES 847 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Valle Venencio, M. and Garcia, N. O. (2011). Interannual variability and predictability of water table
levels at Santa Fe Province (Argentina) within the climatic change context, Journal of
Hydrology 409: 62-70.

Vogel, R M., Yaindl, C., and Walter, M.(2011). Non stationarity: flood magnification and recurrence
reduction factors in the United States. Journal of the American Water Resources Association,
47 (3), 464-474. doi:10.1111/j.1752-1688.2011.00541 .x.

World Meteorological Organization. Guidelines on Early Warning Systems and Application of Now
casting and Warning Operations; Pws-21, No. 1559; World Meteorological Organization:
Geneva, Switzerland, 2010; p. 25

WMO.(2011a). Workshop on Intercomparison of Flood Forecasting Models, 14-16, Koblenz,
Germany.

White, W.R.(2001). Water in rivers: flooding. Proceedings of the Institution of Civil Engineers —
Water and Maritime Engineering 2 (2), 107-118.

Yarar A., Onucyildiz, M., and Copty, N. K., (2009). “Modelling level change in lakes using neuro-
fuzzy and artificial neural networks,” Journal of Hydrology, vol. 365, no. 3-4, pp. 329-334.

Young, P C. (2001). Data-based mechanistic modelling and validation of rainfall-flow processes, in:
Model Validation: Perspectives in Hydrological Science, edited by: Anderson, M. G. and
Bates, P. D., Wiley, Chichester, pp. 117-161.

Young, P. C. (2002). Advances in real-time flood forecasting, Philosophical Transactions of the
Royal Society: Mathematical, Physical and Engineering Sciences.

SPSBIC2019 CHEMICAL SCIENCES 848 |Page



2" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2019

Young, C.C.; Liu, W.C. (2015). Prediction and modelling of rainfall-runoff during typhoon events
using a physically-based and artificial neural network hybrid model. Hydrol. Sci. J.60, 2102—
2116.

Zhang, G. P. (2002).Time Series Forecasting Using Hybrid ARIMA and ANN Model,”
Neurocomputing, vol. 50, pp. 159-175.

SPSBIC2019 CHEMICAL SCIENCES 849 |Page



