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Abstract:

How to study of the effects of a changing environment on models of hydrological processes or computer
optimization of operating procedures? One answer would be to apply or extend the traditional techniques
for sensitivity analysis. This involves exploration of the solution space of an optimization problem. Either the
calibration problem of finding the “best fit” of the model to the data or the optimization problem of finding the
“optimal design” or “optimal operating procedure” for a water resource system. Traditionally this exploration
is done by random sampling. A less used technique is automatic differentiation. This method provides the
gradient of the solution with respect to certain chosen parameters for a very limited additional computational
effort. However, there are two questions: firstly whether this can be done with limited human effort, that is
without writing two different programs (one for the original problem and one for the problem with added
automatic differentiation) and secondly whether the additional computational cost is indeed limited. We will
explore this question for a simplified parameter determination problem.

Assessment of design flood characteristics for ungauged permafrost basin

0. Semenova"?, L. Lebedeva®, A. Zhirkevich*

' Gidrotehproekt Ltd., Toreza pr. 44, St. Petersburg, Russia
2 St. Petersburg State University, Universitetskaya nab 7-9, St. Petersburg, Russia
3 Nansen Environmental and Remote Sensing Centre, 14 Line VO, 7, 199034 St. Petersburg, Russia
* Hydroproject Institute, Malaya Dmitrovka Str. 7, 127006 Moscow, Russia
+79112132657, omakarieva@gmail.com

Abstract:

Development and construction in remote poorly gauged regions of Eastern Siberia require reliable
estimation of future possible hydrological extremes. The applicability of traditional statistical methods to the
assessment of maximum flood characteristics in permafrost basin under changing environmental conditions
is questionable. Three different approaches to estimate maximum flood discharges for the design of the
Kanku hydropower plant in ungauged Timpton River basin (Eastern Siberia) were used, namely probable
maximum flood (PMF), deterministic-stochastic modelling and conventional probability analysis.
Deterministic-stochastic approach consists of process-based Hydrograph model and stochastic weather
generator. The Hydrograph model parameters relate to observable properties of soil and vegetation,
therefore application of the model does not require calibration. The stochastic weather generator provides
simulated meteorological input for the Hydrograph model (daily precipitation, average temperatures, and
relative humidity at different points within river basin) taking into account temporal and spatial correlations
between meteorological elements and characteristics of their annual variability according to historical
observations or climate change scenarios. The Timpton River outlet at Kanku (26700 km?) has no discharge
measurements. The Hydrograph model was validated against flow data in two gauges upstream and
downstream. Validated model was applied to studied basin using the ensemble of stochastically generated
sets of meteorological input corresponding to different scenarios of climate change. Resulting probabilistic
curves of maximum floods were compared to those developed on the base of statistical analysis and
estimated according to PMF approach.
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Future projections of extreme precipitation using Advanced Weather
Generator (AWE-GEN) over Peninsular Malaysia
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Abstract:

In this paper, one of the weather generators’ method known as AWE-GEN, has been tested to four stations
representing the north, south, west, and east part of Peninsular Malaysia using observations available from
1975-2005. In order to take the uncertainties into account, an ensemble of multi-model were used in this
study such as GFDL-CMS3, IS-CM5A-LR, MIROC5, MRI-CGCM3 and NorESM1-M which were obtained
from the dataset compiled in the World Climate Research Programme’s (WCRP’s), Coupled Model
Intercomparison Project phase 5 (CMIP5). The projections of extreme precipitation were based on the RCP
6.0 scenario (2081 and 2100). The hourly extreme precipitation for the western and northern regions are
well simulated but is somewhat underestimated for the eastern and southern regions. However, the 24-h
aggregation periods of extreme precipitation is well simulated in all regions while the extremes of wet spell
durations are generally well captured by the model. The performance of GCM models varies significantly in
all regions. Almost all regions have shown high variability of monthly precipitation for both observed and
future periods. The extreme precipitation for both 1-h and 24-h seems to increase in future while extreme of
wet spells will remain unchanged, up to the return periods of 10-40 years.

Adige river in Trento, 1892: a first flood risk map?

R. Ranzi'

'Department of Civil, Environmental, Architectural Engineering and Mathematics
Universita degli Studi di Brescia
Phone +039-0303711291 — mail: roberto.ranzi@unibs.it

Abstract :

For the determination of the flood risk hydrologist and hydraulic engineers focuse their attention mainly to
the estimation of physical factors determining the flood hazard, while economists and experts of social
sciences deal mainly with the estimation of vulnerability and exposure. The fact that flood zoning involves
both hydrological and socio-economic aspects, however, was clear already in the XIX century when the
impact of floods on inundated areas started to appear in flood maps, for instance in the UK and in lItaly.
Maps of areas 'liable to flood' were published in the mid 19th century in the UK, (Duncan Reed, personal
communication), and a ‘flood risk’ map for the Adige river in Trento, Italy, published in 1892, takes into
account in detail both hazard intensity in terms of velocity and depth, frequency of occurrence, vulnerability
and economic costs for flood protection with river embankments. This map, which will be presented, is likely
to be the rediscovered here as the first flood risk map for an ltalian river and, possibly, worldwide. Risk
levels were divided in three categories and seven sub-categories, depending on flood water depth, velocity,
frequency and damage costs. It is interesting to notice the fact that at that time the map was used to share
the cost of levees' reparation and enhancement after the severe September 1882 flood as a function of the
estimated level of protection of the respective areas against the flood risk. Flood protection costs were
shared between the central Austro-Ungarian government which ruled the region at that time, the regional
government, the railway company and private owners. This shows how already at that time the economic
assessment of structural flood protections was based on objective and rational cost-benefit criteria and that
hydraulic risk mapping was perceived by the society as fundamental for the design of flood protection
systems.
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Identification of low flow parameters using hydrological model in selected
mountainous basins in Japan
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Abstract:

About 70% of land area in Japan is mountainous area and provides water resources to the remaining 30%
of the areas, where agricultural, industrial and urban activities are held. Projection of impacts of climate
change on water resources to local level would provide useful information to decision makers in formulating
policies for climate change adaptation. In particular, low flow is highly related with occurrence of drought
and thus, accurate estimation of low flow is very important for the evaluation of climate change impacts on
water resources. This study focuses on the equation to represent nonlinear relations between storage and
discharge, and investigates the optimal parameters to represent low flow. The storage-discharge equation
is represented as Q = Au" Sg", where Au is the fractal recession constant and N is the storage exponent
constant. We carried out the investigations by applying hourly hydrological model presented by Fujimura et
al. (IAHS Publ., 355) to two basins in Japan. One basin is the Sameura Dam basin located in the western
Japan and another basin is the Shirakawa Dam basin located in the eastern Japan. We selected these two
basins because climate and geological condition of these two basins are very different and thus it its suit for
examining how the estimated parameters are different according to climate and geological conditions. The
period of data is the 20 years for the Sameura Dam basin and is the 9 years for the Shirakawa Dam basin.
We prepared 7,900 sets of the 2-parameters in storage-discharge equation, and examined the sensitivity of
the 2-parameters to the calculation of low flow. The result suggested optimal combination of 2-parameters
can be represented by exponential equations of Au and N. Considering the parameter identifications were
performed for climatologically and geologically different basins, the obtained exponential equations could be
also applied for other places in the world.

Water budget comparison of global climate models and experimental data in
Onca Creek basin, Brazil

D. C. D. Melo!, I. S. P. Marin®, E. Wendland*

*University of Sao Paulo
+55 16 3373-8270 ispmarin@gmail.com

Abstract:

Groundwater is an important term of the hydrological cycle and accounts for 35% of human needs in a
global scale. As a result of potential aquifers overexploitation associated with climate change, groundwater
levels might experience drastic drops. Although there are efforts to include groundwater dynamics in global
climate models (GCM), its influence is still not taken into full account into GCMs water budgets. In order to
assess the role of groundwater in the water balance, we compared the water budget calculated from
experimental data of a basin in Sdo Paulo state, Brazil, with a water budget using climate scenarios derived
from 10 GCMs. We used the delta factor approach to downscale the model's temperature and precipitation
for a control period from 1970 to 2000, calculating evapotranspiration by the Thornthwaite method for two
representative soil uses found in the Onca Creek basin. Runoff and interception were estimated based on
experimental data for both culture types (sugar cane and pasture). The experimental data shows that there
is enough available water for percolation, indicating that recharge cannot be ignored in the water balance.
As the GCMs ignore subsurface flow, the excess surface water is supposed to be redistributed among the
other water budget components. This fact leads to the possibility of the models to overestimate the other
components to compensate for the ignored recharge component.
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Where does blue water go in semi-arid area of northern China under changing
environments?

L. Ren', F. Yuan®, B. Yong®, S. Jiang®, X. Yang’, L. Gong*, M. Ma', Y. Liu, H. Shen*

'State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University,
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Abstract:

River flow regimes in the semi-arid region of northern China show a decreasing trend in terms of quantity.
River runoff (i.e., blue water) reduction within the Laohahe catchment and the source area of the Liaohe
River Basin, manifest aridity that widely exists in northern China. According to the water balance equation,
during the past half-century, observed streamflow records in the Laohahe catchment show that blue water
is redirected to the green water flow (i.e., evapotranspiration) on annual and decadal time-scales, whereas
precipitation does not vary much. Human activities and land use/cover changes are the fundamental
reasons for such runoff change. In the studied catchment, extensive land reclamation for agriculture, water
withdrawal from streams, and abstraction from aquifers for irrigation are the direct and main causes leading
to the decrease in observed blue water. These factors further justify that a land-use decision is also a
decision about water. Therefore, there is a need for an integrated modeling framework to intrinsically link
climate, hydrological, and agricultural models with social and economic analyses.

Estimation of hydrological response of a small Mediterranean watershed to
fire by data analysis and modelling approach

L. Lebedeva’, O. Semenova? 3, N. Folton*
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Abstract:

Though the problem of changing environment is widely discussed in hydrological community most of
hydrological model still rely on the hypothesis of stationarity. The aim of presented study is developing a
tool to cope with non-stationary conditions based on process-based hydrological model. The study object is
the Rimbaud watershed (1.46 km?) which was destroyed by fire in August 1990. It is located in France and
characterized by Mediterranean climate. The Hydrograph model used in the study has such an advantage
that observable properties of a basin are used as the model parameters without calibration. Abrupt change
of land cover properties due to the fire and their succession afterwards could be described explicitly by
dynamic set of the model parameters. The tasks of the study include the detection of fire-induced changes
of land cover and hydrological regime, the development of dynamic set of the model parameters and the
validation of developed parameterization in post-fire conditions of the Rimbaud watershed. Neither
conventional statistical analysis nor hydrological modelling with fixed parameters detected any significant
change in hydrological regime of the Rimbaud watershed after the fire in 1990 on daily temporal scale. The
assessment of the fire effects on discharge using hourly data and development of dynamic set of the model
parameters are still in progress. The results of the application of dynamic set of parameters to post fire
conditions will be presented. If validated, the approach is supposed to be an effective tool to assess and
predict runoff characteristics and basin variable states in non-stationary conditions in past and future.
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Water Management and Productivity in Planted Forests

J. Nettles®
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Abstract:

As climate variability endangers water security in many parts of the world, carbon sequestration of
sustainable building products makes plantation forestry important. High plant water use efficiency is
generally associated with lower plant productivity, so an explicit balance in resources is necessary to
maximize water yield or tree growth. This balance requires understanding and predicting plant water use
under different soil, climate, and planting conditions, as well as a mechanism to account for trade-offs in
ecosystem services.

Several strategies for reducing the water use of forests have been published, ranging from policy guidelines
for planting and species selection to site-specific management techniques such as thinning and site layout,
but there is little research tying these to operational forestry. This work combines an overview of these
proposed strategies with application to plantation management. Using data from silvicultural and biofuel
feedstock research and industrial ownership patterns in the southeastern US, proposed water management
tools are evaluated against known treatment responses to estimate water yield, forest productivity, and
economic outcomes. Ecosystem impacts are considered qualitatively and related to water use metrics. This
work is an attempt to measure and compare important variables that forest managers, policy makers, and
the public could use to make sound decisions about plantations and water use.

Climate and socio-economic changes and their impacts on future water
management at the regional scale. A case study in the dry inner-alpine zone of
Switzerland

E. Reynard', R. Weingartner?, O. Graefe®, H. Liniger?, S. Rist?, B. Schaedler?, F. Schneider?
"University of Lausanne, emmanuel.reynard@unil.ch, 'University of Berne, *University of Fribourg

Abstract:

The national research program NRP 61 "Sustainable Water Management" aimed at providing a basis for
sustainable water management in Switzerland. As part of this research program the effects of climate and
socio-economic changes on water availability, water use and water management were investigated in the
Crans-Montana-Sierre region, situated in the dry inner-alpine Valais (project MontanAqua). The project
followed an inter- and trans-disciplinary approach which involved stakeholders throughout the entire project.
The current water situation was assessed with quantitative and qualitative methods (dense hydro-
meteorological measurements, tracer experiments, statistical analyses, interviews). Future water
management was modeled based on existing regional climate change scenarios and socio-economic
scenarios developed in close collaboration with stakeholders. The findings of MontanAqua can be
summarized into five key-messages: (1) Socio-economic changes should have a greater impact on the
water situation in 2050 than climate change. A territorial development that limits water needs is then
recommended. This requires important changes of current water- and land-management practices; (2)
Water resources available nowadays and in 2050 are generally sufficient to meet water demands. However,
local and seasonal (e.g. second half of summer) shortages are to be expected; (3) Water issues are
primarily regional management problems. We advocate for better cooperation between the eleven
municipalities of the region and the establishment of a demand management strategy; (4) Inter-communal
measures on infrastructures can help to ensure sustainable water supply, but only if they are integrated into
ambitious institutional reforms; (5) To achieve a sustainable regional water management, improved data
management and transparency is needed.
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Response of Tuzla Lake Ecosystem in Turkey to Irrigation and Climate
Variability
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Abstract:

Tuzla Lake is an important saline playa lake located in the Palas Basin in Turkey. In this study, we
investigated the effects of climate variability and irrigated agriculture on the hydrology and water quality of
Tuzla Lake and propose measures for its protection from natural and anthropogenic impacts. Changes in
the hydrologic characteristics of Tuzla Lake were determined by analysis of hydrologic and climatic data
series and satellite images. Water quality at Tuzla Lake was evaluated based on measurements of several
water quality parameters (total phosphorus (TP), total suspended solids (TSS), and total nitrogen (TN),
Chlorophyll-a (Chl-a)). The analysis showed that water levels and extents at Tuzla Lake showed strong
fluctuations in the seasonal and annual timescales. Both climatic factors as well as extensive use of
groundwater in agriculture were responsible for these variations. Average annual value for TP, TSS, TN and
Chl-a were determined to be 149 pg/l, 2957 mg/l, 10.83 mg/I and 34.5 pg/l, respectively. Chl-a, nitrogen and
phosphorus concentrations indicated that the lake is eutrophic and significant amount of pollution is
transported to lake from agricultural areas. For protection of Tuzla Lake ecosystem, the natural water
regime should be protected and expansion of irrigated agricultural in the basin should be controlled.

A model of river bank deformations under simultaneous effect of the waves
from hydropower plant and warming

E. Debolskaya'

" Institute for Water Problems of the Russian Academy of Sciences
+79166516920 e_debolskaya@yahoo.com

Abstract:

Arctic regions are very sensitive to the global climate change and hydrological systems in these regions are
sensitive to the rising temperature. Banks of the rivers and reservoirs located in the permafrost zone to a
considerable extent are composed of the frozen soil and the underground ice. This structure of the banks
makes the abrasion processes even more pronounced. The laboratory experiments and field observations
showed that thermoerosion plays a significant role in the deformation of the banks composed of permafrost
with the inclusion of layers of ice. Sometimes the effect of thermoerosion is greater than the one of the
mechanical erosion. A mathematical model of the river bed deformations in permafrost areas is presented.
The deformations are caused by the influence of waves from hydropower plant under increase of the
ambient temperature. The model system consists of an unsteady hydrodynamic module, a thermal module
and a bed-deformation module. The hydrodynamic module is based on the two-dimensional shallow water
equations. The bed-deformation module is based on the sediment mass balance conditions. The thermal
module is based on the Stefan equation, which defines the "water-ice" boundary movement. We present
two applications of the model in which the bed deformation is calculated for the alluvial channels with
melting bed under the influences of waves of different duration and intensity. We compared the model
predictions with the laboratory data and generally obtained a good agreement between the two.
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Uncertainty in hydrological signatures
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Abstract:

Information about the characteristics of the runoff processes in a catchment is essential for most
hydrological analyses, modelling and water-management applications. Such information derived from
observed data is known as a hydrological or diagnostic signature, and have been used in a variety of
studies for, e.g., change detection, catchment classification, model-structural identification, and model
calibration. Different sources of uncertainty in the observed data — including measurement error and
representativeness as well as errors relating to data processing and management — propagate to the values
of the derived signatures and reduce their information content. Subjective choices in the method used to
calculate the signatures create a further source of uncertainty. The aim of this study was to contribute to the
community's awareness and knowledge of observational uncertainty in hydrological signatures, including
typical sources, magnitude and methods for its assessment. We first reviewed the sources and nature of
uncertainties relevant to the calculation of different signatures based on rainfall and flow data. We then
proposed a generally applicable method to calculate these uncertainties based on Monte Carlo sampling
and demonstrated it for a number of commonly used signatures including thresholds in rainfall-runoff
response, recession analysis and basic descriptive signatures such as total runoff ratio, and high/low flow
statistics. The study was made for two data-rich catchments, the 135 km? Brue catchment in the UK and the
50 km? Mahurangi catchment in New Zealand that are both densely monitored. The resulting uncertainties
were compared across the different signatures and catchments to understand how the uncertainties may
change with the sources of the uncertainty in the observed data and the active runoff processes. Finally we
considered whether the uncertainties found would change the interpretation of the signatures to give
information about catchment response.

Hydrological simulations driven by RCM climate scenarios at the basin scale
in the Po river in Italy

R. Vezzoli', M. Del Longo?, P. Mercogliano'?, M. Montesarchio', S. Pecora?, F. Tonelli?, A. Zollo'

"Impacts on Soil and Coasts Division (ISC), Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC),
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Abstract:

River discharges are the main expression of the hydrological cycle and are the results of climate natural
variability. The signal of climate changes occurrence raises the question of how it will impact on river flow
and on their extreme manifestations, e.g. floods and droughts. This question can be addressed through
numerical simulations spanning from past (1971) to future (2100) under different climate change scenarios.
In this work, we concentrate the attention on the capability of a modeling chain to reproduce observed
discharge of the Po river over the period 1971-2000. The modeling chain includes climate and
hydrological/hydraulic models and its performances are evaluated through indices based on the flow-
duration curve. Climate dataset used are (1) high resolution observed climate dataset; and from COSMO-
CLM regional climate model driven by (2) perfect boundary condition, ERA40 Reanalysis, and (3) by the
global climate model (GCM) CMCC-CM, for the 1971-2000 period. The hydrological/hydraulic components
are simulated through a physically based distributed model (TOPKAPI) and a water balance model at basin
scale (RIBASIM). The aim of these first simulations is to quantify the uncertainties introduced by each
component of the modelling chain and their propagations. The estimation of the overall uncertainty is
relevant to correctly understand the future river flow regimes. Results show how bias correction algorithms
can help in reducing the overall uncertainty associated to the different stages of the modeling chain.
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Impact assessment on hydrologic conditions due to climate change
over Asian regions
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Abstract:

Water is an essential resource for human lives because water is used for various purposes such as the
municipal, industrial, agricultural, and environmental water, etc. Unfortunately the changes in hydrological
process due to climate change are expected to cause the changes in water resources spatially and
temporally. Thus, the purpose of this study is to evaluate the climate change impact assessment on
hydrologic conditions over Asian regions. The coupled results of climate change impact and local climate
characteristics were suggested on each climate zone of Asian monsoon regions. For analysis of the current
hydrologic conditions, a hydrological model was constructed by using the observed climate and hydrological
data and topographical data (DEM, land use and soil characteristics). The hydrologic components of water
cycle were evaluated during the past historical period and those for the future periods were projected by
using future climate change scenarios. The results reveal that the annual average runoff will be increased
approximately 10-20% for 2080s except for some climate regions (Cs, Ds). It also shows that the monthly
average runoffs during November to March will decrease about -3~-28% for 2080s in the winter dry region
(Aw, Cw, Cf) and those during April to October will decrease about -16~-41% for 2080s in the summer dry
region (Cs, Ds). In addition, it can be found that the monthly average runoff in the summer runoff
concentration regions (Aw, Cw, Cf, Dw) will greatly increase during the summer season. Therefore, the risks
for drought in arid regions and for flood in wet regions are increased over the Asian region in the future.

Analysis of flood downstream from the Nangbeto dam on the Mono River
(Togo and Benin, West Africa)

E. E. Ago', F. Petit, P. Ozer®
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Abstract:

The analysis of flood risk downstream the hydroelectric dam of Nangbeto in the Mono River considered
several factor such as the inter-annual rainfall and streamflow variability from 1955 to 1999, population
vulnerability, hydrological modification and impacts downstream in Togo and Benin countries from 1987
(year of construction of the dam). The analysis of the mean annual discharge revealed no tendency,
showing thus that changing in land use, increasing of impervious areas and even functioning of the
hydroelectric dam have not modified significantly manner the river flow rate. Apart from the return to
improvement in rainfall as far back as the 1980 years end, increase in anthropogenic pressure and
demographic explosion have best explained the magnitude and frequency of flooding downstream from
Nangbeto hydroelectric dam. The soil degradation, floodplain deforestation, increasing in number of human
settlements in the river boundary amplify the population vulnerability of faced with flooding.
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Trends in extreme temperature and precipitation in Muscat, Oman
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Abstract:

Climate change is likely to affect the frequency and intensity of weather events resulting in more frequent
and intensive disasters such as flash floods and persistent droughts. In Oman, changes in precipitation and
temperature have already begun to be detected, although a comprehensive analysis to determine long-term
trends has yet to be conducted. We analyze daily precipitation and temperature records in Muscat, the
capital city of Oman, mainly focusing on extreme events. A set of climate indices, defined in the RClimDex
software package, were derived from the longest available daily series (precipitation over the period 1977-
2011 and temperature over the period 1986-2011). Results showed significant changes in temperature
extremes associated with cooling. Annual maximum value of daily maximum temperature (TX), on average,
decreased by 1°C (0.42°C/10 yr). Similarly, the annual minimum value of daily minimum temperature (TN)
decreased by 1.5°C (0.61°C/10 yr), which, on average, cooled at a faster rate than the maximum
temperature. Consequently, the annual count of days when TX > 45°C (98™ percentile) decreased from 8 to
3 by 5 days. Similarly, the annual count of days when TN < 15°C (2™ percentile) increased from 5 to 15 by
10 days. Annual total precipitation averaged over the period 1977-2011 is 80 mm, which has increased at
an average rate of 6 mm/10 yr (statistically weak trend with p-value = 0.6). Even though, no significant long-
term trend occurred in precipitation totals, there is a reasonably significant trend of annual maximum 1-day
precipitation (p-value = 0.14). When the General Extreme Value (GEV) probability distribution is fitted to
annual maxima, a coefficient of skewness of 0.55 was calculated over the period 1995-2011, which
approximate to 10 fold the coefficient of the period 1977-1994 (0.06). Results showed significant change in
extreme precipitation to have become more intense, especially in last decade.

Methodology to determine a storm water flow to support decision-making:
case of the Ben Chaabane region (Blida. Algeria)

B. Touaibia', A. Tlili%, P. Hubert®
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Abstract:

The objective of this work is methodological; in order to determine the storm water flow to be used by a
decision management system while not any gauging station is available. Only rain gauging stations have
been used to study short duration rainfalls. The proposed methodology is based upon hydrologic modeling
using the HEC HMS software developed by the Hydrologic Engineering Center (HEC, Corps of Engineering
U.S. Army, 2000), consisting of a production function derived from the SCS-CN (Soil Conservation Service
Curve Number) and of a transfer function based on the synthetic unit hydrograph method. This
methodology has been applied to the Ben Chaabane region (Blida Wilaya, Algeria) which is prone to
flooding.
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Long term prediction of large rivers discharge
based on helioclimatological data
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Abstract:

The source of all the energy in the climate system of the Earth is radiation from the Sun, which provides
energy for heating of the land, ocean, and the atmosphere overlies the surface of its. All of these interact to
produce regional and local alteration of climate around the surface of the Earth. Our study (200 weather
stations) shows that the Sun activity is responsible for temperature change. The same correlations were
found for many rivers runoff. There is a significant positive relationship between solar activity and river
runoff the rivers Mississippi, Missouri, Rhine and Songhua Jiang. The correlation between solar activity and
rivers runoff is higher than 0,7. An increase of solar activity does actually increase these large rivers
discharge. This positive relationship is actually conventional. When the Sun has many sunspots it gives
more energy, more energy makes its way to Earth, and our planet will warm, warm air increases the
evaporation process, and leads to intensification of hydrological cycle. Surprisingly, the rivers Amazonas,
Amur, Danube, Parana and Yangtze show a steady trend of decreasing rivers runoff and these negative
trends occur due to the high solar activity. For example: discharge of the Amazon River (Obidos) and solar
activity over the period of 1933-1996 can be described by following equation: Q = -15,6W + 6538, r-0, 98,
where Q-discharge of the River Amazonas, W-sunspots. Strong correlation we also found between runoffs
of the Amazonas, the Amur and the Danube - rivers flowing in sub-latitudinal direction. The study show the
solar activity affect on hydrological process in different way for rivers with diverse geographical locations.
Analysis of dynamics of water inflow to World Ocean (1921-1985) shows long term increase of rivers
discharge in ocean. This also connected with high solar activity in the last century. In accordance with
NASA forecasting the next two solar cycles will be below average in intensity. This actually will decrease the
water inflow to ocean and will lead to accumulation of water in form of ice on continents.

Assessment of the intrinsic vulnerability of agricultural land to water and
nitrogen losses: case studies in Italy and Greece

V.G. Aschonitis’, M. Mastrocicco?, N. Colombani®, E. Salemi?, G. Castaldelli'

"University of Ferrara, Department of Biology and Evolution, Ferrara, Italy
2University of Ferrara, Department of Earth Sciences, Ferrara, Italy
3University “Sapienza”of Rome, Department of Earth Sciences, Rome, Italy
N. Colombani: +39 0532 974693; clo@unife.it

Abstract:

Two case studies were considered for the application of a set of indices (LOS) in order to classify the
intrinsic vulnerability of agricultural land to water and nitrogen losses. The first case concerned a lowland
region in the Po River Delta (Province of Ferrara, Emilia-Romagna Region, Northern Italy) where two areas
were identified to be more vulnerable to water and nitrogen losses: the coastal dunes and the neighborhood
of riverbanks and paleochannels. The second case concerned an upland region in the Sarigkiol basin
(Western Macedonia, Greece) where two areas were identified as the most vulnerable: a district with high
slopes and the upper part of the alluvial plain. For the Ferrara Province, from here onward indicated with
FP, the mean annual water and nitrogen losses were 314+37.2 mm and 20.4+7.0 kg N ha™, respectively,
while for Sarigkiol Basin, from here onward indicated with SB, were 290.4+51.6 mm and 20.3+2.5 kg N ha”,
respectively. The minimum transit time of water and N species in the vadose zone varies significantly
between FP (21.2+18.5 days) and SB (185+147 days). LOS indices application for the two cases showed
their ability to represent adequately the intrinsic vulnerability both in lowland and upland regions. Moreover
LOS indices showed their advantage, with respect to other indices, since their objective physical and
statistical background was used in assessing the relative pollution potential of surface and groundwater,
unbinding the results from site specificity and therefore gives the possibility to compare results among
different regions. Finally, both cases showed that nitrogen losses were proportional to water losses. This
leads to consider that a good water balance is a prerequisite to understand nitrate fate in the subsurface
and therefore that it is crucial to take into account seasonality as key factor.
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Parametric uncertainty or hydrological changes?

F. Viola', L.V. Noto', D. Pumo'

'Dipartimento di Ingegneria Civile, Ambientale, Aerospaziale e dei Materiali, Universita degli Studi di
Palermo
+39 (091) 238 965 23, francesco.viola77@unipa.it

Abstract:

The model calibration, maximizing a likelihood function, is the way of hydrologists for searching also a
physical interpretation of complex interactions acting within a basin. Actually, it can be frequently noticed
how model calibration performed on a given time window may converge to a point in the parameter space
that could be distant from another obtainable calibrating the model in the same basin but considering a
different time window. Is that attributable to parametric uncertainty? Or the trajectory in the parametric
space relates about a slow hydrological basin change? In order to dispel this doubt in this work several
model calibrations have been performed in different time windows. The hydrological model used here is the
EHSM (EcoHydrological Streamflow Model), a conceptual lumped model for simulating daily streamflow
with seven parameters, which summarize soil, vegetation and hydrological catchment properties. The case
study is the Oreto catchment, which is located in the northern of Sicily, Italy. This basin has an area of 112
km2 and an annual mean precipitation of approximately 1000 mm. The climate is Mediterranean with hot
dry summers and rainy winter seasons from October to April. The hydrological response of this basin is
dominated by long dry seasons and following wetting-up periods. This basin has the longest hydrological
data series available in Sicily, from 01/01/1924 to 31/12/1999. The optimal parameter sets are assessed by
Monte Carlo simulations considering 14 subseries of 10 years, each spaced 5 years from another, within
the entire available dataset. This moving window calibration procedure allowed to draw a path in the optimal
parameters space, which may be interpreted as a proxy of hydrological basin evolution. In this light, this
work is an attempt to relate parameters variability to land use changes, such as urbanization and
abandonment of agricultural land

Evaluation of the effects of underlying surface change on catchment
hydrological response using the HEC-HMS model

C.Yao', L. Chang?, J. Ding?, Z. Li", D. An', Y. Zhang'

"College of Hydrology and Water Resources, Hohai University
2 Wuxi Water Resources Bureau
SInstitute of Water Resources Management, Hydrology and Agricultural Hydraulic Engineering, Leibniz
University Hannover
Presenter’s telephone: +86 (025) 8378 7478 and e-mail address: yaocheng@hhu.edu.cn

Abstract:

Due to the rapid population growth and urbanization, the Dongwan catchment with a drainage area of 2856
km?, which is located in the Henan Province, has been subjected to considerable land-use changes since
1990s. Distributed or semi-distributed models have been widely used in catchment hydrological modeling,
along with the rapid development of computer and GIS technologies. The objective of this study is to
assess the impact of underlying surface change on catchment hydrological response using the Hydrologic
Engineering Center’s Hydrologic Modeling System (HEC-HMS), which is a distributed hydrological model.
Specifically, twenty-one flood events were selected for calibrating and validating the model parameters. The
satisfactory results show that the HEC-HMS model can be used to simulate the rainfall-runoff response in
the Dongwan catchment. In light of the analyses of simulation results, it is shown that the flood peaks and
runoff yields after 1990 moderately decrease in comparison with that before 1990 at the same precipitation
level. It is also indicated that the underlying surface change leads to the increased flood storage capacity
after 1990 in this region.
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A modeling framework to project future climate change impacts on streamflow
variability and extremes in the West River basin, China

E.Yuan', Y.- K. Tung? L. Ren

' State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, College of Hydrology and Water
Resources, Hohai University, 1 Xikang Road, Nanjing 210098, China
2 Dept. of Civil and Environmental Engineering, The Hong Kong University of Science and Technology, Clear Water
Bay, Kowloon, Hong Kong SAR, China
Tel: +86-13805169379; Email: fyuan@hhu.edu.cn

Abstract:

In this study, a hydrological modeling framework was introduced to assess the climate change impacts on
future river flow in the West River basin, China, especially on streamflow variability and extremes. The
modeling framework includes a delta-change method with the quantile-mapping technique to construct
future climate forcings on the basis of the observed meteorological data and the downscaled climate model
outputs. This method is able to retain the signals of extreme weather events, as predicted by climate
models, in the constructed future forcing scenarios. Fed with the historical and future forcing data, a large-
scale hydrologic model (the variable infiltration capacity model) was executed for streamflow simulations
and projections at daily time scales. A bootstrapping resample approach was used as an indirect alternative
to test the equality of means, standard deviations and the coefficients of variation for the baseline and
future streamflow time series. The bootstrapping method was also applied to assess the future changes in
flood return levels and the associated uncertainties resulting from the limited size of annual extreme flow
samples. The case study in the West River basin of China confirms that the introduced modeling framework
is an efficient effective tool to quantify streamflow variability and extremes in response to future climate
change.

Reservoir siltation under changing climate: a Mediterranean case study
G. Bussi, F. Francés

Research Institute of Water and Environmental Engineering, Universitat Politecnica de Valencia (Spain)
(+34) 963877000 ext. 76152, gbussi@upvnet.upv.es

Abstract:

In order to ensure the sustainable managements of reservoirs, future reservoir operation planning must
take into account the hydrological change. This change, which is composed by both human induced effects
and natural variability, is likely to modify reservoir operation rules, reservoir capacity, sedimentation, etc.
Within this framework, the main goal of this study is to evaluate the impact of climate change on reservoir
siltation in Mediterranean environments. This was done by using a physically based distributed hydrological
and sedimentological model (TETIS) coupled with climatological scenarios obtained by a regional
circulation model (ARPEGE). This study was applied to the Esera River catchment (Southern Central
Pyrenees, Spain), a highly erodible Mediterranean catchment drained by a large reservoir. Due to the lack
of sediment records, the sedimentological sub-model of TETIS was calibrated and validated by
reconstructing the depositional history of the reservoir by means of several bathymetries. Then, it was used
to simulate three climatological scenarios (reference climate, SRES A2 and SRES B2 scenarios)
representing different possible climatic future evolutions. The results of all scenarios were compared in
order to assess the impact of climate change on water resources and sediment transport, with an especial
focus on reservoir sedimentation. The results show that reservoir useful life is expected to increase by 60%
under A2 scenario, while it is not expected to change significantly under B2 scenario. This is because under
B2 scenario the increase in rainfall torrentiality is expected to compensate the decrease in soil moisture.
The erosion and sediment transport are expected to become more vigorous, i.e. more concentrated in a few
large events, whose occurrence or absence could considerably change the total soil erosion and sediment
yield of this Mediterranean catchment.
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Variational Data Assimilation with YAO platform for hydrological forecasting

A. Abbaris', H. Dakhlaoui?®, S. Thyria', Z. Bargaoui?

" LOCEAN, Université Pierre et Marie Curie, Institut Pierre Simon Laplace, 4, place Jussieu 75252 Paris Cedex 05,
France
2 LMHE, Université Tunis El-Manar, Ecole Nationale d’Ingénieurs de Tunis, BP 37, 1002 Tunis le Belvédére Tunisie
® ENAU, Université de Carthage, 20 Rue El Qods, 2026 Sidi Bou Said, Tunis, Tunisie
hammouda.dakhlaoui@laposte.net Tel: (+216) 97534137

Abstract:

In this study a data assimilation based on Variational assimilation was implemented with HBV model by the mean of
YAO platform of University Pierre and Marie Curie (France). The principle of the Variational assimilation is to consider
the model state variables and/or model parameters as control variables and optimise them by minimizing a cost
function measuring the disagreement between observations and model simulations. The Variational assimilation is
used for the calibration of the HBV hydrological model. In this case the 14 model parameters are considered as control
variables and optimised by minimizing the Nash criterion as cost function. Results are compared to those obtained by
the well known powerful optimisation algorithm SCE-UA. To draw the calibration, parameters were divided into
different sensitivity groups. A multistep calibration strategy was implemented beginning by the calibration of the most
sensitive parameters and ending by the less sensitive. A second application of Variational assimilation was dedicated
to hydrological forecasting. In this case four state variables of the HBV model (those related to water levels in rooting
tanks and to soil water content in the water balance tank) are considered as control variables. They were updated
through the 4-D VAR procedure using hourly discharge incoming information. Three basins that belong under different
climate: Sejnéne from Tunisia, Ardeche and Serein from France are studied. Very good comparison is obtained with
SCE-UA results in terms of Nash performance. A high level of forecasting accuracy was obtained allowing one to two
days anticipation of floods.

Climate change and its impacts on water resources in the Northwest China

C. Ya-ning"
'State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese

Academy of Sciences, Urumgqi, Xinjiang 830011, China
Phone: +86-991-7823169; E-mail: chenyn@ms.xjb.ac.cn

Abstract:

The arid region of Northwest China is a special natural unit, with a unique landscape characterized by
mountain-oasis-desert ecosystems. It approximately covers one fourth of the nation’s entire land area.
Water, largely originated from the mountain areas, has been a most critical factor to drive the energy and
mass circulation in this region, which responds sensitively to the global climate change. This report
discusses various aspects in water resources research, which includes: (1) The temperature increased
obviously in Northwest China, and the increasing rate of temperature in the mountain areas was the largest,
compared with period before1990s, showing an increase of 57.7%, followed by that in the oasis and desert
areas. The winter temperature change was the most important factor affecting the rising annual air
temperature, and mainly caused by changes in the Siberian High. The precipitation exhibited a general
upward tendency, however, precipitation in desert areas showed inconspicuous change, and it was
noteworthy that since 2000, about 35% sites of precipitation had decreasing trend in this region, especially
concentrated in the Tianshan Mountains. Besides, pan and potential evaporation in this region exhibited an
obvious decreasing trend until early 1990s, however, the downward trend reversed in 1993. (2) Runoff was
affected by changes in precipitation and air temperature and increased significantly. The glacier meltwater
was an important water resource of runoff in the arid northwest of China, the warming accelerated glaciers
melting, and the melting inflection points of glaciers were found, the runoff recharge from glaciers had great
change. Besides, there was a positive significant relation between summer run-off and 0°C level height; the
digital filtering method was used to separate baseflow from surface flow, and found that baseflow of the
Tarim river increased considerably.
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Determination of nonstationarity of applied hydrometeorological
characteristics in Russia under modern climate change

V. A. Lobanov', S. A. Lobanova'

'Russia, Russian State Hydrometeorological University, St. Petersburg
Phone: 8-905-2595641,email: lobanov@EL6309.spb.edu

Abstract:

In conditions of modern climate change the problem is formulated on the need to test the stability of the
designed hydometeorological characteristics, which are used for different projects. For this purpose, the
specialized archives of applied climatic characteristics over the Russia area have been developed for the
data on air temperature and precipitation, that are used in building climatology and hydrology. Spatial
distribution of stations, data bases and list of applied climatic characteristics are discussed. Simple and
effective statistical methods are suggested for assessing of climate change, based on the basic properties
of the climate system, such as equilibrium and nonequilibrium of climate response. As a result, three
competing models had applied: stationary model, a linear trend model and a model of step changes, each
of them reflects the different physical properties of the climate dynamics. Aim of application of different
models to assess both efficiency and the statistical significance of nonstationary models with respect to the
stationary. The aim of research was an identify areas in Russia where the changes of applied climatic
characteristics are already occurring or may occur in the near future. The methods of research include:
evaluation of the quality, uniformity and reliability of the original information; development of methods and
models for climate change detection in time series of observations; building spatial interpolation models;
revealing climatic risk zones with significant trends of increasing or reduce the applied climate
characteristics; construction of statistical spatial models for climate risk zones.

As a result, climatic risk zones have been identified for each applied characteristic and spatial modes have
been developed in these zones. The most unstable characteristic was an annual air temperature and
temperature of cold season, the most stable one — maximum precipitations and maximum runoff.

Methods and software for planning and design in hydrology and water
resources systems

V. A. Lobanov', S. A. Lobanova'

'Russia, Russian State Hydrometeorological University, St. Petersburg
Phone: 8-905-2595641, email: lobanov@EL6309.spb.edu

Abstract:

Hydrological information consumers generally are not interested in the observations but the results of their
processing, such as the parameters of the distribution function and design hydrological characteristics and
often not even in the gauged sites and in the sites of the design or in estuaries, where the observations
unavailable (ungauged sites). However, to get the designed values in the ungauged site we have to first
perform calculations at many points in the territory where these observations take place. To solve these
problems was developed Rulebook on defining the basic design hydrological characteristics (SP 33-101-
2003), software and information systems "Hydrocomputations" and "Hydrological GIS of Russia".

The software "Hydrocomputations" as program complex (PC) is intended to define the design hydrological
characteristics in the presence and lack of observational data. It includes database for management of
hydrological data and computational modules to provide the full range of hydrological calculations. The
software "Hydrocomputations" supplemented with a GIS module "Map", allowing to submit 7500
observation sites on a digital map of Russia and implement the interface between the map and the
perennial series of basic hydrological characteristics in regional databases in order to obtain samples of
points on a territorial basis. New software and information product "Hydrological GIS Russia" is designed to
determine the design hydrological characteristics in the ungauged sites and implements as standard
features of GIS (creation and editing digital geo-informational layers, work with raster and others), and
calculations in ungauged sites by the methods of interpolation and hydrological analogy with the estimation
of efficiency on independent information. The information part of the "Hydrological GIS of Russia" includes a
basic electronic map of Russia, specialized digital layers of coordinate of gauged sites and centers of
gravity of watersheds for the 26 hydrologic regions.
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Climate change scenarios and its impact on water resources of Langtang
Khola basin, Nepal

T.R. Adhikari', L. P. Devkota', A. B. Shrestha?

" Central Department of Hydrology and Meteorology, Tribhuvan University, Kathmandu
2 International Centre for Integrated Mountain Development, Kathmandu
Tel: 9841428918 email: tirtha43@yahoo.com

Abstract:

General Circulation Models (GCMs) successfully simulate future climate variability and climate change on
global scale, however poor spatial resolution confine their application for impact studies at regional or local
level. The dynamically downscaled precipitation and temperature data were used for the future climate
scenarios prediction for the period of 2000-2050s, under the Special Report on Emissions Scenarios
(SRES) A2 and A1B scenarios. In addition, rating equation was develop from measured discharge and
gauge (stage) height data. The generated precipitation and temperature data from downscale and rating
equation was used to run the HBV-Light 3.0 conceptual rainfall-runoff model for the calibration and
validation of the model gauge height was taken in the reference period (1988-2009). In the HBV-Light 3.0 a
GAP optimization approach to calibration the observed stream flow. From the precipitation scenarios with
SRES A2 and A1B emissions at Kyanging increase of precipitation during summer and spring, decrease
during winter and autumn seasons. The model projected annual precipitation for 2050s of both A2 and A1B
scenario are 716.4 mm and 703.6 mm respectively. Such precipitation projections indicate the future
increase of precipitation in all season except the summer. There is increase in precipitation but decrease in
discharge in summer for future due to less glacier melt. By the end of the 2050s simulation projects an
increase maximum (min) discharge of 37.8 m3/s (13.9 m3/s) for A1B scenario and 36.2 m3/s (14.3 m3/s)
for A2 scenario. Finally, the study aims to analyze the perception and prediction of systems against the
climate change, its sustainable development and to examine how the predicted climate change will impact
on water resources in Langtang Khola catchment.

Arid zones Floods in the South Western Algeria: study and protection with
insufficient data

F. Dernouni’, A. Kettab?, B.Touaibia’, K. Berdane'

'Ecole Nationale Supérieure d’Hydraulique. Blida-Algérie. MVRE
2Ecole Nationale Polytechnique d’Alger
fdernouni@yahoo.fr

Abstract:

Floods, this natural phenomenon, combined with unforeseeable climatic factors, take an exceptional
character of gravity in arid zones. The city of El Bayadh, located at the South-west of Algeria, in the outlet of
the Wadi El Bayadh catchment area, knows torrential floods with each rainfall event like those observed in
October 2011, when important human and material damages were recorded. The significant rainfall made
an overflow of El Bayadh Wadi, crossing an important agglomeration, Main city of El Bayadh Wilaya
(Department). The absence of the remarkable Wadi sections and the existence of negative slopes on the
minor bed, generated easily flooded zones in several points throughout the Wadi profile. The adopted
approach in absence of hydrometric data would be to propose a hydraulic calibration of the Wadi, adapted
to the available source data.
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Hydrological Simulation of Future Climate Scenario of Ganga Basin using
Dynamically Downscaled input from WRF model

S. P. Aggarwal’, A. Goyal*, P. Thakur'

'Indian Institute of Remote Sensing, ISRO, 4 Kalidas Road, Dehradun,
Uttarakhand-248001, India
+91 8923673728 anupriya.goyal@hotmail.com

Abstract:

Changes in temperature and precipitation alter the climatic conditions and subsequently hydrological and
watershed processes in the long run. The effects of changes due to climatic variability on hydrological
responses have been extensively carried out at watershed and river basin scales. Future climate scenario
is best demonstrated by Global Climatic Models (GCM). The resolution of GCM is still too coarse to capture
regional and local climate scenario to simulate hydrological processes at basin scale. Dynamical
downscaling approach is employed in the present study to provide adequate spatial and temporal resolution
to represent regional heterogeneity in atmospheric fields. Dynamic Downscaling of six hourly
meteorological data from HadCM3 at 2.5° X 3.75° grids to generate three hourly model outputs at 25 X 25
km grids for the Ganga basin was successfully done using Weather Research and Forecasting (WRF)
model with Advanced Research WRF (ARW) core. A physically based semi distributed Variable Infiltration
Capacity (VIC) hydrological model was forced using downscaled atmospheric fields to simulate the
hydrology of the Ganga river basin and analysis were carried out of the impact of climatic variability on
hydrological regime. The simulated average rainfall for 2020 is in compliance with the average annual
rainfall (1977-2006) over the entire Ganga basin with an overall decrease of 4%. The runoff for the year
2020 is estimated to be 257 mm while in the year 2006 the estimated runoff is 357 mm.Drop in the
estimated runoff from the year 2006 to the year 2020 is found to be 100 mm averaged over the entire basin
whereas, there is little difference between the values of obtained for evaporation for the two years with a
decrease of about 7 mm in the year 2020. The present study shows that the year 2020 experiences an
early onset of monsoon season and receives heavy rainfall of about 700 mm in the month of June itself.

Modelling approach of the rainfall erosivity index in sub-humid urban areas in
northern Algeria.

|. Touaibia®, N. A. Guenim®, B.Touaibia 2

*Dept d’hydraulique. Univ. Tlemcen
2Ecole Nationale Supérieure, Blida-Algérie. MVRE.
touaibia_Imane@yahoo.fr

Abstract:

In this work, we present an approach of the storm water erosivity index modeling in urban and suburban
areas, in sub-humide climat. Indeed, after each torrential downpourn these regions have floods laden
sediment obstructing of storm water drainage. In absence of gaugings, there remains difficult to estimate
soil loss, due to the aggressivity of storm water, torn off with the catchment area and deposited on the
transportation roads. With the aim to estimate the amount of sediment that can be deposited on a stretch of
road, adjacent to the study area, the erosivity index is determined from a count of 744 rain showers
recorded over a period of 19 years. The Universal Soil Loss Equation (USLE) of Wischmeier and Smith is
applied. From the hydrological point of view, this index has a consequent weight in the equation. It is based
on the intensity of the rain starting the process of erosion in tablecloth. the Algerian North-West area, in full
heart of Mitidja, vulnerable to the floods, with an erosion in visible tablecloth, is chosen as the study area.
Functional relations are required between this factor and the explanatory variables (total annual rainfall and
maximum intensities). A regression model, power type, is reached between the index from erosivity and
accumulated precipitation. This model, very promising, makes it possible to bring a decision-making aid in
absences of measurements, climate sub-humide, in the zones with predominance “erosion in tablecloth”.
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New characteristics of the maximal runoff in abandoned charcoal quarries.
Case study: Motru's piedmont in Romania

I. Haidu', I. A. Cré&ciun 2

"University of Lorraine, Department of Geography, 57000 Metz, France
2 University Babes-Bolyai, Technical Geography Research Group, 400006 Cluj-Napoca, Romania
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Abstract:

Motru's piedmont in Romania is a well-known coal basin that disposes of lignite lenses that occur from 2-7
m under the soil, down to tens of meters deep. The energy needs imposed the elimination of the soil and
the implementation of quarry exploitations, which created a new landscape such as terraces, earth dams
and steep slopes that disorganized the hydrographic basins and the natural discharge. The present article
evaluates the new characteristics of the maximal runoff from the Rosiuta perimeter, where more than 100
m? of soil, sand, clay and lignite were removed from a surface of around 800 ha, in some places the digging
reaching 90 m of depth. This study is necessary for the estimation of new risks of flash flooding, much
higher today than before, threatening the villages in the affected area. Because these are ungaged basins,
both the scenario of maximal discharge before impact and the one after impact are realized through
indirect, GlS-assisted methods. Noting that the heavy rainfall intensity didn't change in the last 25 years,
since the works on the quarry started, the rational method was used. Examining maps drawn before impact
and topographical relevees after impact, we used GIS functions to quantify the land use reality at the two
moments; the resulting grid data being used to create the two scenarios. The increase of the maximum
discharge on new surfaces — much more steep and lacking a protective soil and vegetation layer — is
carefully detailed. The comparison between scenarios shows the increase rate in the risk of flash flooding,
as well as the danger that menaces the neighboring settlements.

Probabilistic Runoff Simulations using Snow Cover Risk Maps

in Middle Euphrates Basin, Turkey

G. Uysal', A. Sorman’, A. Sensoy', C. Cogkun'

'Anadolu University, Department of Civil Engineering, Eskigehir, Turkey
+90 554 3891913, gokcenuysal@gmail.com

Abstract:

Mountainous Euphrates Basin in the eastern part of Turkey has large snow extent that contributes
approximately 2/3 of the total annual volume of runoff during spring and early summer months. The location
of important water structures in the downstream indicates the need for an operational forecast system, thus
monitoring snow covered areas, constructing a snowmelt model and analyzing its effects in hydrological
modeling is an important issue. Although remote sensing is a valuable tool for snow monitoring, it is a key
factor to understand snow depletion characteristics for extended years and to combine it with operational
applications. The aim of this study is to investigate spatial snow distribution and its contribution on
hydrological modeling in a changing environment. The study is carried out for Middle Euphrates Basin in
Turkey with an area of 5882 km? and an elevation range of 1500-3500 m. Cloud eliminated daily 500 m
snow cover maps are derived using the MODIS satellite and probability of snow is defined for each pixel of
the MODIS image during the snowmelt period (February-June) from 2001-2012. Thus, snow cover risk
maps for each day are produced and snow cover depletions with respect to 6 probability classes are
calculated. Afterwards, the Snowmelt Runoff Model (SRM) is utilized to obtain daily probabilistic runoff
simulations for the 2013 snowmelt period using probabilistic snow depletion curves.
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Estimation of Discharge in Rivers using neural network and multiple
regression approaches. Case of the “Algerian Coastal” basin

A. Zeroual', M. Meddi*

Higher National School of Hydraulics, Blida, R.L GEE.
zeroualayoub34@yahoo.fr

Abstract:

A quick and accurate determination of flow passing through a river section is fundamental for a large
number of engineering applications, such as flood forecasting and real time water resources management.
However, practically the great amount of discharge occurs during very brief flash floods, so getting gauging
during these quick events is not easy. The rating curve remains the most frequently used method for
continuous river discharge measurement. "Stage-discharge” is a time-dependent and very often they exhibit
random fluctuations caused by modifying gauging cross sectional during the various flood, their relationship
is not always unique. To overcome this difficulty, Water level-runoff model is proposed. The observed
stage-discharge data of two hydrometrics stations in the “Algerian Coastal” basin are put to the test by an
artificial neural network ‘ANN’ and by multiple regression ‘MR’. The results are acceptable and show the
significance of these approaches, particularly for extrapolation, when the intrusive methods are impossible
to lead and the geometry of the bed is evolving.

Determination of the homogeneous groups using different fuzzy logic systems

M. Golestani*, M. Hedayatizadeh', M.R. Kavianpour*

*K.N.Toosi University of Technology; Civil Engineering Department, Tehran, Iran
Email: golestanikntu@gmail.com

Abstract:

The lack of sufficient hydrological data in many situations is a threat to start new projects. Therefore,
estimation of maximum discharge is an important task in order to design of hydraulic structures. Regional
flood analysis is appropriate methods for flood estimation in areas without statistics data and determination
of homogeneous regions is the most important step in it. In this paper, the application of fuzzy system for
determining homogeneous regions is presented. The Urmia Lake basin in north-west of Iran, where it faces
the climate change crisis was chosen for this study. The data was selected from a set of 19 available
hydrometric stations with longer information and data period. The 9 physiographic characteristics were
chosen as the most important parameters for this study. The fuzzy system was used with 2 inference
systems of Mamdani and TSK, with triangular, Gaussian and Sigmoidal membership functions. The
homogeneity accuracy was investigated using homogeneity test. Then, the homogeneous groups were
compared using the error analysis method. The results showed that TSK system with Gaussian
membership function and minimum error of MeQ100=0.03492 is the best method for determination of
homogeneous groups.
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SASSCAL research activities to assess land and climate change impacts on
water resources in Southern Africa

J. Helmschrot*

*University of Hamburg, Biodiversity, Evolution and Ecology of Plants, Hamburg, Germany
+49 40 42816673 — joerg.helmschrot@sasscal.org

Abstract:

Given the ongoing land management and projected climate change, the overall challenge in sub-Saharan
Africa is to secure water at sufficient quality and quantity for both, the stability of ecosystems with their
functions and services as well as for human well-being. Funded by the German Ministry of Education and
Research (BMBF), 88 research projects of the SASSCAL Initiative (www.sasscal.org) provide information
and services allowing for a better understanding and assessment of the impact of climate and land
management changes in five thematic areas (climate, water, agriculture, forestry and biodiversity). Water-
related research activities aim to improve our knowledge on complex interactions and feedbacks between
surface and groundwater dynamics as well as land surface processes in selected regions of the
participating countries (Angola, Botswana, Namibia, South Africa and Zambia). The main objective of this
joint and integrated research effort is to develop reliable hydrological and hydro-geological baseline data
along with a set of analytical methods to strengthen research and management capacities of the regional
water sector. This paper presents ongoing activities of the international SASSCAL research teams.
Specifically addressed is the establishment of a weather stations network in Angola, Botswana and Zambia
which will notably improve regional data availability. Also, case studies on flood monitoring using remote
sensing, integrated hydrological modeling, surface-groundwater interactions and various hydrological
process studies in different ecosystems, all at various spatial and temporal scales are introduced. The
integration of these joint research efforts with findings from other thematic areas, e.g. in the field of
optimized land management, deforestation and restoration, ecosystem stability and resilience, climate
projections, food production and security, will allow for a better understanding and assessment of global
change related environmental threats and resulting societal challenges in the Southern African region.

The potential and limits of different snow products for spatio-temporal snow
cover assessments in Mediterranean high-altitude environments

K. Sturm', J. Helmschrot?

'Friedrich-Schiller-University, Department of Geoinformatics, Geohydrology and Modelling, Jena, Germany
2University of Hamburg, Biodiversity, Evolution and Ecology of Plants, Hamburg, Germany
+49 40 42816673 — joerg.helmschrot@uni-hamburg.de

Abstract:

Snow and its spatial and temporal patterns are important for water management in the semi-arid eastern
Mediterranean, since downstream regions of the Taurus Mountains are dependent on the timing of
snowmelt discharge. Different snow products are appealing to overcome the lack of observations in high-
altitude regions and analyze snow cover patterns. To better assess the quality of such products, simulated
daily snow cover and EO-based snow cover products were compared for the Egribuk basin, Central Taurus
Mountains, Turkey. Daily snow cover, depths, and snow water equivalent were derived from distributed
hydrological modeling with the J2000 model. Furthermore, 8-day MODIS snow cover data (2002-2007)
were utilized. All products were analyzed to determine the number of snow-covered days in relation to
freezing days and temporal patterns, reflecting the effect of altitude on the percentage snow-covered area
(SCA) along a topographic gradient at various time-steps. Monthly and 8-day spatial patterns of a single
snow season were also examined. Both products show a good agreement when SCA peaks at all altitudes
in February/March. In contrast, SCA differs notably during snow accumulation and ablation periods. The
highest SCA inconsistencies are observed in the low and mid altitudes. The analysis suggests that the
J2000 daily model does capture individual snow events, when the MODIS SCA estimates fail due to their
temporal resolution and effects related to the acquisition time and inner-daily melt and re-freezing
dynamics. In other cases, differences can be explained to insufficient model input data, primarily due to
spatially limited precipitation and temperature data. Given this inconsistencies, we recommend a combined
analysis of different snow products to provide reliable information on snow cover dynamics, especially for
water management and climate change assessments in Mediterranean high-altitude environments.
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Understanding and modelling hydrological dynamics for water resources
management of the sub-arid Kara river basin (West Africa)

H.M. Badjana'?, J. Helmschrot®, W.A. Fliigel®
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2Deartment of Geoinformatics, Hydrology and Modelling, Friedrich-Schiller University of Jena, Germany
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Abstract:

Understanding and modelling hydrologic processes in sub-arid catchments which are often characterized
by limited data is of importance for their sustainable water resources management. In this study, the
distributed hydrological model J2000 is used to model the effects of climate and land use on hydrological
processes in the Kara river basin, Togo and Benin. For the analysis and modelling of three tributaries,
available time series of daily discharge and rainfall covering the period between 1977 and 1989 were
checked regarding consistency and homogeneity and corrected using regression analysis. Initially, a
catchment pre-analysis was carried out to investigate discharge and rainfall dynamics in three nested
catchments. The pre-analysis showed that all catchments have similar runoff dynamics and the runoff
generation processes, i.e. volume and timing, are controlled by catchment size, shape, topographic
gradient and rainfall distribution. Utilizing the hydrological response units concept, the J2000 model was
parameterized and run at daily step. Assessing the Nash-Sutcliffe efficiency (E) and the coefficient of
determination (r2) as criteria, the model was calibrated against discharge data from two sites (Kara and
N’Naboupi) for the period 1986-89 and validated with discharge from Kpesside (1980-84). With E ranging
from 0.55 to 0.79 and r2 equal to 0.6 and 0.81, modelling results indicate that the J2000 model simulates
discharge volume and timing for the given period adequately, but was also sufficiently validated for the
Kpesside catchment (E: 0.55-0.61, r2: 0.62). It is also shown that combining catchment pre-analysis and
J2000 modelling is efficient in reproducing the basin hydrology, but also that applying a calibrated process-
driven model offers the potential to assess climate and land management impacts on water resources.

Performance comparison of ANN and a conceptual model in estimating runoff:
A case study in Pavanje catchment, Karnataka, India

N. Baby*, K. Varija?

2 Department of Applied Mechanics and Hydraulics, National Institute of Technology Karnataka, Surathkal,
India; Ph: +919496070570, Email: nimiyababy110@gmail.com

Abstract:

Relationship between rainfall and runoff plays a significant role in generation of stramflows. The objective of
this study was to compare the efficiency of artificial neural networks (ANN) in rainfall-runoff process
simulation with Identification of unit Hydrographs and Components flows from Rainfall, Evaporation and
Streamflow (IHACRES) model in a small catchment in Southern part of India. Eight years of data was used
for performing the study. Daily rainfall, temperature and runoff datas were used for the study. The
IHACRES model was calibrated for a period of 1232 days. Different input combinations were tried for
developing ANN models. Correlation Coefficient (R2), Nash-Sutcliffe Efficiency (NSE) and Root Mean
Square Error (RMSE) were used to assess the performance of the models. The results showed that the R2,
RMSE and NSE values of ANN model are 0.869, 18.43 and 0.542 respectively. The R2, RMSE and NSE
values of IHACRES model are 0.623, 27.67and 0.622 respectively. The comparison results show that the
ANN has better performances in Simulation of Rainfall-Runoff process than IHACRES model. Also the ANN
model with present day rainfall, previous day rainfall and maximum temperature as inputs showed better
result than the models with other input combinations. The results can be used for future studies in the
catchment.
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Modelling extreme streamflows under non-stationary conditions in Ouémé
river basin, Benin, West Africa
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! West Africa Science Service Centre on Climate change and Adapted Land Use,University of Abomey-
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Abstract:

Recently, many countries over West Africa have suffered catastrophic floods that affected thousands of
people with loss of lives, and damages to properties. Within the context of global warming, the hypothesis
of stationarity of observed data set required to perform classical flood frequency analysis is no longer valid.
A statistical model to predict the probability and magnitude of flood in non-stationary condition is presented.
The model uses a time-dependent and/or the covariates dependent Generalized Extreme Value distribution
to fit the Annual Maximal discharge and is applied to five gauge stations of the Ouémé river basin in Benin
Republic, West Africa. Different combinations of the model parameters which vary with respect to time
and/or covariates Southern Oscillation Index were explored against the stationary model based on three
criteria of goodness of fit. It is found that the non-stationary model is more adequate to explain a substantial
amount of the variation in the data. The Mann-Kendall and Spearman’s rho trend tests show that, at the 5%
significance level, the trend observed in the Annual Maximum flood series is not statistically significant. An
analysis of 25 and 50 year flood shows that considering the flood event as stationary lead to high
uncertainties. This case study put to test the hypothesis of stationarity in estimating flood events and show
the strong need to account for the change over time in the flood frequency analysis. This generalization of
the classical model based on the hypothesis of stationarity and normality, allows the incorporation of
climate change effect on the evolution of the distribution parameters and predictions to be made about the
probability of the future occurrence of a particular flood event.

Vulnerability of two Mediterranean catchments to climatic and anthropogenic
pressures — spatial and temporal evolution of water supply capacity over the
past 40 years

J. Fabre', D. Ruelland’, A. Dezetter?, B. Grouillet'

'"CNRS, ?IRD, HydroSciences Laboratory, Place Eugéne Bataillon, 34095 Montpellier, France
+33(0)4 67 14 90 19 — jfabre@um2.fr

Abstract:

Over the past 40 years, climatic and anthropogenic pressures have been increasing in the Mediterranean
region. According to projections of climatic and socio-economic changes, this area could experience higher
water stress by 2050. In this context, integrated modelling approaches are needed to assess water
allocation scenarios and assist decision-making for water resources planning. This study aims at developing
a generic, multidisciplinary approach to model water supply capacity and its spatial and temporal variability
over long time-periods. A common integrated modelling framework was applied over two Mediterranean
basins with different physical and anthropogenic characteristics: the Hérault (France, 2500 km?) and the
Ebro (Spain, 85000 km?) catchments. Water resources were evaluated using a conceptual hydrological
model at a daily time step over a nearly 40-year period. River flow regulations were accounted for through a
generic demand-driven reservoir management model applied to the largest dam in the Hérault basin and to
the 11 major dams on the Ebro basin. Over both catchments, water demands were estimated from
population and monthly unit water consumption data for the domestic sector and from irrigated area, crop
and soil data and climatic forcing for irrigation. Finally, a ratio comparing water supply to water demands at
strategic resource and demand nodes was computed at a 10-day time-step. Analysis of the variability of this
ratio over space and time shows the evolution of the vulnerability of each catchment in terms of water
supply capacity, taking into account climatic and anthropogenic pressures and the evolution of water
management strategies over time. This study is a first step in exploring the sustainability of water
management on two Mediterranean catchments by the medium term, under uncertain and non-stationary
climatic and socio-economic scenarios.
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Data and model uncertainties in flood-frequency estimation for an urban
Swedish catchment

I. K. Westerberg'?, T. Persson'
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Abstract:

Floods are extreme events that occur seldom, which means that there are relatively few data of weather
and flow conditions during flooding episodes for characterisation of flood frequency. In addition, there are
often practical difficulties associated with the measurement of discharge during floods. In this study we
used a combination of monitoring and modelling to overcome the lack of reliable discharge data and be
able to characterise the flooding problems in the highly urbanised Riseberga Creek catchment in eastern
Malmo, Sweden. The study is part of a project, GreenClimeAdapt, in which local stakeholders and
researchers work with finding and demonstrating solutions to the flooding problems in the catchment as well
as adaptation to future change. A high-resolution acoustic doppler discharge gauge was installed in the
creek and a hydrologic model was set up to extend this short record for estimation of flood frequency.
Discharge uncertainty was estimated based on a stage-discharge analysis and accounted for in model
calibration together with uncertainties in the model parameterisation. The model was first used to study the
flow variability during the 16 years with available climate input data. Then it was driven with long-term
climate realisations from a statistical weather generator to estimate flood frequency for present climate and
scenarios for future climate changes through continuous simulation. The uncertainty in the modelled flood-
frequency for present climate was found to be important, and could partly be reduced in the future using
longer monitoring records containing more and higher flood episodes. The climate change scenarios are
mainly useful for sensitivity analysis of different adaptation measures that can be taken to reduce the
flooding problems, for which other concerns such as land-ownership are also highly important.

HYDROMORPHOLOGICAL ANALYSIS OF SABARMATI RIVER

R.Hardik!, D. Darshan’, S. Nirav'

"Undergraduate student, Pandit Deendayal Petroleum University,INDIA
Telephone: +91 940-902-2148; e-mail: hardik.rcv10@sot.pdpu.ac.in

Abstract:

The study of the shape and form of a river and changes in these with respect to time is called river
morphology. Effective management of a river can be possible by studying the channel morphology and
sedimentation characteristics of that river. Under this research program the cross sectional data of
Sabarmati River for 14 different stations has been obtained for current year 2012-13. This collected data is
compared with the available data for same section in year 1997. The longitudinal and transverse
meandering and change in slope of the river have been analyzed using the data comparison of the two
different years. Calculation of the other parameters like velocity and discharge have been done using
manning’s formula for both the years and the change in those parameters over a period of 15 years have
also been analyzed. A model has been prepared to calculate all the parameters mentioned above for
unknown stations also. The future condition of the river after 30 years is also studied and the problems
which are going to be encountered after 30 years have also been studied. The brief idea for solving these
problems is also considered under this work. (WC=194)
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Spatial Extension of Flood Event Data for Ungauged Small Watersheds

N.W. Kim', Y. Jung', J.E. Lee', C.G. Kim'
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Phone: +82-31-9100-475,email: yjung@kict.re.kr

Abstract:

For precise flood control, runoff data availability is substantial. However, developing countries have limited
amount of runoff data especially, for the mid/small size watersheds. Thus, we developed a method which
can extend available runoff data extensively for the ungauged small watersheds. A non-linear lumped
concept model, Storage Function Method (SFM) was applied for the flood data extension on a selected
watershed (Choongju Dam watershed, 6648Km2) located in the center of Korean Peninsula. The selected
watershed was divided into 22 small watersheds for measuring the capability of spatial extension of runoff
data. Twenty one flood events from 1991 to 2009 were selected for this trial. Choongju Dam is the final
observation location for this watershed and has measured inflow data which can be used for optimization
criteria of runoff data extension for other divided small watersheds. The model parameters consist of
physical property and event based parameters. For 22 watersheds, physical property based parameters
were fixed with empirical formula while event based parameters were optimized at each event. At the
validation points of spatial flood data extension, the Nash-Sutcliffe Efficiencies (NSE) were over the model
satisfaction (NSE>0.5). This result is showing the possibility of spatial data extension using a lumped
concept model.

Regionalization of Flood Frequency using Hydrological Flood Simulations

N.W. Kim', J.E. Lee', Y. Jung', C.G. Kim'

"Water Resources Research Division, Korea Institute of Construction Technology, Goyang-si, Korea
Phone: +82-31-910-0275, email: jeus22@kict.re.kr

Abstract:

In general, flood frequency analysis can be categorized into two methods. First one is statistical method
based on real flood data and the other one is rainfall-runoff method in terms of probability rainfall. For
statistical method, sufficient amount of flood data with enough record length at several sites is required,
however most of developing countries have limited amount of flood data. In this study, we extended
spatially distributed flood data using a hydrological runoff model (i.e. Storage Function Method) to get
adequate amount of flood data for ungauged sub-basins in a selected watershed. The study site was
Choongju dam watershed divided into 22 small sub-basins and 25 years (1986-2010) flood data was
spatially extended from observations. Based on these flood data, annual maximum series were generated
and regional flood frequency analysis was performed. Regionalization on flood frequency for ungauged
locations was studied using geomorphological factors of each sub-basin. The suggested method from this
study can be applied on statistical method of flood frequency at sub-basins with insufficient flood data.
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Assessment of Bayesian method for accuracy improvement of real-time
drought prediction

K. H. Sohn', D.H. Bae'
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Abstract:

Drought is one of the crucial natural disasters in Korea. Therefore, the real-time drought outlook system
was developed using long-term weather forecast information for early drought warning. The system is
composed of 3 processes: Ensemble meteorological outlook using Unified Model (UM) based on the multi-
initial conditons, the hydrological analysis from Land Surface Model and several drought indices
computation processes. However the utilization of outlook information was rare due to the uncertainty of the
outlook results. In this study, the Bayesian method as a statistical bias correction technique is applied and
evaluated for the enhancement of the quality of drought outlook system. The prior distribution, the likelihood
function and the posterior distribution from relationship between observed and UM data in Bayesian
scheme are determined during hindcast period, and the corrected posterior data is estimated in real-time.
The SPI (Standard Precipitation Index) is calculated from the UM outputs and posterior values, and the
temporal and spatial analysis are performed for the accuracy evaluation. Overall the results showed that the
application of Bayesian method provide higher accuracy for drought outlook information. Time series of
posterior SPI was much improved than that of UM in comparison with observation, and regional drought
conditions were simulated well. It reveals that the Bayesian method is viable to improve drought outlook in
Korea.

Main factors for developing the time of concentration formula
in Korean urban area

Y. J. Kim', M. H. Lee', D. H. Bae',

'Dept. of Civil & Environ. Engineering, Sejong University
Phone: 82-2-3408-3337, email: kyj860523@naver.com

Abstract:

The reliable hydrologic analysis techniques in urban area of the Republic of Korea are required, because
the flood damage has recently increased in this region. When we usually conduct an event-oriented
hydrologic analysis, one of the most important parameters is the time of concentration in basin. In Korea,
the empirical formulas developed by Kirpich, Kraven(l) are being used to analyze the hydrologic simulation.
However, those equations are developed on the natural streams and do not consider the characteristics of
Korean urban basin. Due to the limitations, the development of time concentration formula considering
characteristics of our urban area and stream is necessary. The purpose of this study is to select and
analyze the main factors for developing time of concentration in our study area. In this study, Seoul and its
suburb area are selected as our study area which is a representative typical urban area in Korea. The
rainfall and runoff data are collected from the Han River Flood Control Office (HRFCO) and Seoul City. The
characteristics of urban basin and stream such as basin area, impervious rate of the area, coefficient of
roughness, link system, stream length and stream slope are computed by using GIS after collecting DEM,
soil map and sewer drainage system data. The values of concentration time are decided from the observed
runoff hydrograph after separating the effective rainfall and base runoff from rainfall-runoff data. Main
factors for developing the formula are selected and analyzed conducting correlation analysis of the values
of concentration time and some related basin and stream indices. We finally develop the time of
concentration formula in Korean urban area using multiple regression analysis.
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Impact assessment of temperature rise on glacier and meltwater fluctuation:
Andean tropical glaciers, Bolivia
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Abstract:

Meltwater from glaciers is one of the main water resources for capital area of Bolivia. However, Andean
tropical glaciers are rapidly shrinking during past some decades. We projected variation in glacier recession
and meltwater to evaluate the sensitivity of Andean tropical glaciers to temperature rise. A mass balance
and melt model was applied to Condoriri, Tuni and Huayna Potosi West glacier in Bolivia. Simulation period
is 30 years from July, 2011. We produced four types of meteorological dataset for model input with
observation and general circulation model: one assumes that current climate keep constant during 30 years
and the others assume that temperature increase at the ratio of 0.02 to 0.04°C/year. As results of projection,
study glaciers do not disappear and reach to equilibrium states of mass balance in the next three decades
under current climate condition. Furthermore, three glaciers exist even under possible temperature rise.
Glacial area decrease 55 to 68% and meltwater decrease 66 to 74% by the end of 2030’s. Ablation area of
glaciers decrease and accumulation area ratio to whole area is high. Huayna Potosi West glacier has
higher uncertainty about the response of temperature rise than Tuni and Condoriri glacier. Annual melt
reaches a peak in 2020’s and decreases by the end of 2030’s under the condition of temperature rise of
0.044°Clyear. It is close to constant by the end of 2030’s under the condition of temperature rise of
0.024°Cl/year. This is because the peak of altitudinal distribution of glacial area is higher than equilibrium
line altitude for current climate condition. These results can contribute to adaptation of water resources
management to glacier shrinking.

Estimation of Water Resources Availability in High-Elevation Scarcely-Gauged
Watersheds and Its Impact on Mini-Hydro.

A. Muhammad', F. Laio', D. Poggi’

'DIATI, Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Torino, Italy
Phone: 011 0905665, email: muhammad.azmat@polito.it

Abstract:

The aim of the present study is to estimate water resources availability (WRA) and its impact on
hydropower production in the Mangla basin. This basin, with almost 45% of the catchment in India, where
data gathering is even more difficult, is situated in the north western snow and glacier-fed region
(Himalayan range) of Pakistan. Streamflow forecasting has been performed by application of a GIS
(Geographic Information System) based standard rainfall-runoff model (HEC-HMS) fed with observed and
TRMM (Tropical Rainfall Measuring Mission) rainfall data. The calibration of the model was performed by
dividing the watershed into two sub-basins: Jhelum river at Azad Pattan station and Poonch river at Kotli
station with subsequent accumulation of their flows in Mangla Lake. Simulations were carried out at a daily
time step, using different calibration windows of one and three years to optimize the model parameters
(such as lag time, initial deficit, maximum deficit, constant loss, lapse rate, Px temperature, base
temperature and degree day factor etc). In general, the HEC-HMS application has produced good results,
with Nash-Sutcliffe (NS) coefficients larger than 0.71 in all calibration and vaidation datasets. The model
performed less efficiently for WRA estimation at Mangla dam by flow accumulation of both basins, with 0.69
NS coefficient. The WRA was estimated at the dam site to analyze its impact on micro-hydro at the
downstream canal (Upper Jhelum Canal). The gross mini-hydropower potential at twenty five (25) different
locations along the Upper Jhelum Canal was found to be 407 and 221 GHW by using potential and kinetic
energy relationship, demonstrating that micro-hydro power genration could be a beneficial addition for the
energy sector of Pakistan.
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Assessment of land use change on the streamflow using GIS, remote sensing
and physically-based model: case study of Tapacura catchment, Brazil
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Abstract:

This study aims to assess the impact of the land use changes between the 1967-1974 and 1997-2008
periods on the streamflow of Tapacura catchment (Northeastern Brazil) using the Soil and Water
Assessment Tool (SWAT) model. The land cover changes within the catchment were examined analyzing
satellite images, soil maps, digital elevation models and by spatial analysis using GIS and remote sensing
techniques. The SWAT model was calibrated and validated by comparing the model outputs with historic
streamflow data for both periods. The land cover change analysis has shown that the agriculture and urban
areas have increased, while the forest has decreased, according to the two land-cover maps. The results
shows that the most sensitive parameters were found to be the base flow, Manning factor, time
concentration and soil evaporation compensation factor, that affect the catchment hydrology. Calibration
and validation of the model were performed on monthly basis, and streamflow simulation had a good level
of accuracy for both periods. The obtained R? and Nash-Sutcliffe Efficiency values for each period were
respectively 0.90 and 0.89 for calibration, and 0.95 and 0.94 for validation. The evaluation of the SWAT
model response to the land cover has shown that the mean monthly flow, during the rainy seasons for
1967-1974, increased when compared to 1997-2008. This is mainly attributed to the land degradation
(removing of forest to agriculture and sugarcane field), which in turn increased streamflow during wet
seasons and reduced base flow during the dry seasons. The results also revealed that the streamflow
spatial distribution for 1997-2008 showed high values in the sub-catchments due to the high concentration
of rainfall, presence of impermeable soil and land cover that favoring the streamflow, as presented in the
sub-catchments located near to the catchment outlet.

Discrete wavelet transform coupled with ANN for daily discharge forecasting
into Trés Marias reservoir

C.A. G. Santos!, P. K. M. M. Freire!, G. B. L. Silva’, R. M. Silva',
*Department of Civil and Environmental Engineering, Federal University of Paraiba, Brazil,

celso@ct.ufpb.br

Abstract:

This paper proposes the use of discrete wavelet transform (DWT) to remove the high-frequency
components of the original signal (details), because the noises generally present in time series (e.g.
streamflow records) may influence in the prediction quality and cleaner signals could be used as model
inputs in order to improve the model performance. In order to deal with these issues, the application of
methods to pre-process input data has been pointed out as an efficient alternative to improve the models
performance. An example of such method is wavelet analysis, which has recently received much attention.
Wavelet analysis provides useful decompositions of original time series in high and low frequency
components, so that wavelet transformed data improves the ability of a forecasting model by capturing
useful information at various resolution levels. The decomposition process can be iterated, with successive
approximations being decomposed in turn, so that the original signal is broken down into many lower
resolution components. The approximation (A) and detail (D) components can be obtained by a
reconstruction procedure. Thus, the raw signal Q is formed by those components, i.e., Q = A1 + D1 or Al =
A2 + D2, and in the same way Q = A3 + D3 + D2 + D1. There are many basic wavelets that can be used in
this type of transformation. In this paper, Daubechies wavelets may be seen from order 1 up to 10. These
wavelets have no explicit expression, except for db1, Haar wavelet. Most of the dbN are not symmetric, and
for some, the asymmetry is well pronounced. Regularity increases with order. The N index in dbN indicates
the order, which in theory may vary from 1 to infinity. Among the Daubechies wavelets, the db10 was
chosen to be used in the decomposition of the flow signal due to its more detailed format, which permits to
better represent the series in study. Finally, the proposed technique is tested using river discharge records.
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Hydrological Parameter Analysis Based on Similarity Theory and 3S Technology

S. Zheng'?, H. Hai-gian'?

' Zhengjiang Institute of Hydraulics&Estuary, China
2 Zhejiang key laboratory of disaster prevention and mitigation for hydraulics,China
Phone:+0086 13858051984 mail: shizheng1984@gmail.com

Abstract:

Parameters’ identification is the most important step in the hydrological model establishment. But some of
the hydrological model parameters are almost not determined directly through experimental observation,
which are related to basins’ features. How to effectively analyze the correlation between the parameters
and basins’ features, become the important content of hydrological model development. This research uses
similarity theory and combines with 3S technology to analyse the hydrological model parameters. The
results showed that the distances on the parameters of two similar basin are mostly small and close in the
geometric space.

Research on the snowmelt runoff with climate changed effect in China

X. Meng', Z. Liu®

! School of Resources and Environment Science, Xinjiang University, Urumgji, 830046 , China
2Xinjiang Institute of Ecology and Geography, Chinese Acadamy of Science, Urumgji,830011, China
Phone:+86 13609994007 mail:mxy0001@gmail.com

Abstract:

A major proportion of discharge in the Juntanghu river basin is contributed by its snow river and glacier-fed
catchments situated in northern mid-slope of Tianshan Mountain, Northwest China. It's very important to
assessment the snowmelt runoff from these catchment (data scarce area) for water resources
management. The Mann-Kendall trend test was based on the 50 years data(from 1961 to 2011) from ten
weather stations of northern slope of Tianshan mountain. The Mann-Kendall trend test was validated by
using Coefficient difference product curves. The soil and water assessment tools (SWAT) was selected to
simulate the daily discharges and to study the climate change impact on these discharges in Juntanghu
watershed (the snow and glacier-fed catchment of the Juntanghu River). The SWAT was verified against
observed for inflow series of the Hongshan reservoir of the watershed during the period from 1995 to 2010
and generally performed well for Nash-Sutcliffe coefficient. The simulate results obtained suggest that the
SWAT model can be efficiently used in the snow and glacier catchments of the Juntanghu river basin and
extend to overall northern mid-slope of Tianshan Mountain. Moreover, The application of the SWAT model
under different climate (precipitation ad average temperature) change scenarios show that watershed
hydrological cycle would be altered under different climate change scenarios. The snowmelt runoff in spring
is likely to ahead of time with the increase mean temperature under Scenarios. and the snowmelt runoff
during from preliminary to interim stage has less influence facing with changed precipitation. This research
suggests that the reservoirs (eg. Hongshan reservoirs) will be necessary for large flow storage to meet the
need of the flood control, water supply, etc. The modeling results provide useful decision support for water
resources management and flood control.
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River-bed erosion due to changing boundary conditions: perfomance of a
protective measure

D. Termini*
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Tel:+39/091/23896522; e-mail: donatella.termini@unipa.it

Abstract:

As it is known, natural or man-made changes along a river disturb the equilibrium of the alluvial stream
which adjust itself to a new equilibrium condition. As an example, due to the introduction of man-made
sediment barriers, the amount of sediment load entering in the downstream river reach is different from that
going out and erosion processes occur downstream of the barrier itself. Both bed degradation and local
scouring can occur at different spatial and temporal scales. The knowledge of the response of the alluvial
stream to the imposed conditions is extremely important. Designers are often required to take into account
the scouring process and to include adequate protective measures against the local scour. The design of
the protective measures, in turn, needs the knowledge of flow velocity field and of geometrical
characteristics (maximum depth and length) of scour transient profiles. In this paper, attention is paid to the
effect of bio-engineering protective measures against the erosion processes. In particular, real flexible
vegetation has been used as protective measure against erosion process downstream of a rigid bed.

The aim of the present work is to give a contribution for a better understanding on flow hydrodynamics
downstream a hydraulic structure with and/without the protective measure. Analyses are based on
experimental work carried out in a straight channel constructed at the laboratory of the Dipartimento di
Ingegneria Civile, Ambientale, Aereospatiale, dei Materiali - Palermo’s University (Italy). Detailed measures
of flow velocity field inside the scour hole have been obtained through both a 2D LDA anemometer and an
acoustic velocimeter profile (DOP 2000). Maps documenting the bed shear stress distribution are shown.

Hydrodynamic characterization of soils in areas with sugar cane and
pineapple crops in a representative watershed of Northeast of Brazil

E. G. Sales', C. N. Aimeida?, A. S. Farias', V. H. R. Coelho?

'"CNPq researcher, Federal University of Paraiba, Av. Cap. Jodo Freire, 620, CEP: 58.041-060 - Jodo
Pessoa, PB, Brazil, +55 (83) 3216-7684, almeida74br@yahoo.com.br
2PhD Student, Federal University of Pernambuco, victor-coelho@hotmail.com

Abstract:

Studies about the infiltration of water in the soil, based on hydraulic conductivity and retention curve, are
important to simulate hydrological processes and pollution fluxes. Infiltration and soil hydrodynamic
properties also play an important role on crop efficiency. This paper aims to present the hydrodynamic soil
behavior and infiltration of the Gramame watershed, located at the Northeast of Brazil. This basin is
representative of several other watersheds located on the coastal region of Brazilian Northeast, where the
land use is mainly explored by sugar cane crops. The Gramame watershed has about 85 % of its area used
for some type of crop. For this study, three different land uses and land cover were considered: sugar cane
crop, pineapple crop and Rainy Forest, which is the native forest of this region. This last one was
considered in order to evaluate the changes manmade activities. Only about 10 % of the watershed still
have Rainy Forest. For this purpose the Beerkan method and the BEST program were used in order to get
retention curves 6(h) and hydraulic conductivity K(8). Five parameters based on the granulometry and
infiltration tests were gotten. The results show that the highest values of hydraulic conductivity were
obtained at points located in native vegetation. However, the hydraulic conductivity in the cane sugar crop
area was higher than the Rainy Forest from a certain soil moisture boundary, maybe due to the tilling the
surface layer of the cultivated area. It was concluded that even with the soil with covered with the Rainy
Forest presented results similar to the cultivated areas, the lowest hydraulic conductivities were found in
areas with crops (sugar cane and pineapple), proving that deforestation impacts the soil hydrodynamic
characteristics.
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Forty years of history of aridity in the Tensift Basin (Marrakech-Morocco)
N. E. Laftouhi, F. Fniguire®, A. Fekri?, Z. Zamrane*

Cadi Ayyad University, Laboratory GEOHYD, Faculty of Sciences Semlalia, BP.2390,
Marrakech 40000 Morocco
2Hassan Il University of Mohammedia, FS Ben M’Sik, Casablanca
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Abstract:

Morocco has, since many decades, followed up a monitoring of water resources at the scale of the
watersheds. Its main goal was a self-sufficiency in water resources in the frame of a policy of resource
mobilization that was (and still is) necessary to meet the water needs of several socio -economic sectors
booming since the early sixties of the last century.

This monitoring process has enabled the development of many stations and measurement sites of hydro-
climatological parameters to assess the evolution of water resources. In addition, it is in this spirit that within
the Tensift basin (Region of Marrakech), managed by the Water Basin Agency of Tensift, the diagnostic is
quickly made. Indeed, on an observation period of more than forty years, the various indices for assessing
the evolution of hydrological and climatic conditions (de Martonne, UNEP indexes) suggest that the region
of Tensift in particular and Morocco in general, has entered a phase of significant intensification of aridity.
Thus, temperatures become higher during the last two decades and, paradoxically, they increased in
mountainous areas. Meanwhile, a remarkable decrease in precipitation was observed in the foothills of the
High Atlas. Overall, during the past two decades, the Tensift basin (Center of Morocco) has known a
substantial expansion of arid zones, possibly due to global warming and the observed decrease in rainfall.
An immediate consequence of this situation has been expressed, as a notable diminution of the runoff (in
gauged sites), with a random occurrence in time and in intensity. The runoff is, then almost exclusively
torrential with a devastating impact on infrastructures and a very low benefit on recharge of groundwater.
Regular runoff (due to precipitation and snow melting) occurs rarely and sustains the flows in few rivers,
and contribute in a very weak way in groundwater recherché at the level of the plain.

An L-moment approach to assess changes in regional flood frequency
distributions in Austria

J. L. Salinas?, A. Castellarin?, S. Kohonova®, T. R. Kjeldsen*, G. Blgschl'

TInstitute of Hydraulic Engineering and Water Resources Management, Vienna University of Technology,
Vienna, Austria
2Department DICAM, School of Civil Engineering, University of Bologna, Bologna, Italy
*Department of Land and Water Resources Management, Faculty of Civil Engineering, SUT Bratislava,
Slovak Republic
“Department of Architecture and Civil Engineering, University of Bath, Bath, United Kingdom
Presenting author contact information: 00431 58801 22312, salinas@hydro.tuwien.ac.at

Abstract:

This paper aims to better understand the effect of environmental and catchment changes on the statistical
properties of regional flood frequency distributions. The database used consists of L-moment ratios of
annual maximum flood discharges from Austria, involving a total of 493 catchments with more than 25 yr of
record length. A set of morphologic and climatic attributes, including temperature, precipitation, elevation,
and soil characteristics is presented, as potential controls on regional flood frequency distributions. By
trading space for time, i.e. translating the observed differences in space in possible changes in time of the
discussed catchment attributes, the main outcome of the purely data-based investigation performed on the
database shows that a transition in the future towards warmer, more arid environments could lead to higher
regional values of L-coefficient of variation, L-coefficient of skewness and L-coefficient of kurtosis. This has
implications in statistical model choice, in particular by moving into more skewed and leptokurtic regional
distributions. The results related to catchment elevation (and therefore correlation to snow-dominated
regimes) and soil characteristics are less conclusive. The findings presented in this study constitute a
preliminary assessment of how statistical properties of regional flood frequency distributions could change
in the future, and offer an orientation on how to better manage non-stationary flood design values.
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Regional prediction of basin-scale brown trout habitat suitability
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Abstract:

In this study we propose a novel method for the estimation of ecological indices describing the habitat suitability of
brown trout (salmo trutta). Traditional hydrological tools are coupled with an innovative regional geostatistical
technique, aiming at the prediction of the brown trout habitat suitability index where partial or totally ungauged
conditions occur. Several methods for the assessment of ecological indices are already proposed by the scientific
literature, nevertheless the possibility to exploit a geostatistical prediction model, such as Topological Kriging, has
never been investigated before. In order to develop a regional habitat suitability model we used the habitat suitability
curve, obtained from measured data of brown trout adult individuals collected in several river basins across the U.S.. A
Top-kriging prediction model is then employed to assess the spatial correlation between upstream and downstream
habitat suitability indices. The study area is the Metauro river basin, located in the central part of Italy (Marche region),
for which both water depths and streamflows data were collected. The present analysis focuses on discharge values
corresponding to 0.1-, 0.5-, 0.9-empirical quantiles derived from flow-duration curves available for 7 gauging stations
located within the study area, for which three different suitability indices (i.e. w1, wso and ye) are evaluated. The
results encourage this preliminary analysis showing Nash & Sutcliffe efficiency respectively equal to 0.52, 0.65, and
0.69.

Analysis of the impact of gravel mining activities on the flood flow profile of
the Po River

E. Selli', A. Montanari'

'Department DICAM, University of Bologna, Bologna, Italy
ettore.selli@studio.unibo.it

Abstract:

Flood routing is a fundamental step in the application of flood forecasting models. The dynamics of the river
flow profile of the Po river (ltaly) induced by a given upstream flood hydrograph and a downstream
boundary condition was studied for the 97 km river reach between the cross river sections of Cremona and
Brescello. The purpose of the analysis is to assess the impact on the flood profile of impounding basins that
were originated by gravel mining activities in the floodplains. The simulations have been made under
conditions of unsteady flow and one-dimensional motion of the flood wave propagation using the Hec-Ras
model. The calibration has been made by referring to the flood wave observed in October 2000 by referring
to undisturbed and perturbed (by the mining activities) conditions. The impact of the impounding basins will
cause a lowering of water levels nearly 20 cm upstream of the planned interventions. Hence the results
show that there are not negative implication of the mining activity on the hydraulic risk.
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Application of the TOPKAPI model to Santerno and Senio catchments

S. Persiano’, A. Montanari'
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Tel.: +39 338 2320291, e-mail address: simone.persiano@studio.unibo.it

Abstract:

The poster presents the calibration of the TOPKAPI model in the Santerno and Senio catchments, two sub-
catchments of the Reno Basin, in Northern Italy. TOPKAPI (TOPographic Kinematic APproximation and
Integration) is a fully-distributed physically-based hydrologic model that reproduces the behaviour of the
main components of the hydrologic cycle: subsurface flow, overland flow, channel flow, infiltration,
percolation, evapo-transpiration and snowmelt. The topography of the basin is described by a Digital
Elevation Model (DEM), which subdivides the application domain by means of squared cells. Being a
physically based model, the values of the parameters can be easily retrieved from digital elevation maps,
soil type and land use maps in terms of measurable physical quantities such as slope, superficial
roughness, soil permeability and soil depth. Model implementation and calibration has started from public
information available on the web. Soil parameters have been derived from pedologic information provided
by websites of Emilia-Romagna and Tuscany. Starting from these initial parameters, comparing observed
and simulated streamflow and observing the model results in terms of state maps (referring to the main
hydrologic quantities, such as soil moisture, evapo-transpiration, river flow, etc), many simulations have
been executed in order to identify the set of parameters that best reproduce the observed streamflow. This
has also allowed to deepen the interaction between soil saturation and outflows formation.

Comparative application of HyMOD and HBYV rainfall-runoff models
to two ltalian catchments

F. Minzi', E. Baratti', A. Montanari’

'Department DICAM, University of Bologna, Viale Risorgimento 2,
40136 Bologna, Italy; email: minzi86@gmail.com

Abstract:

The HyMOD and HBYV rainfall-runoff models are applied to two Italian catchments in order to compare their
performances and to obtain indications on the dominating hydrological processes. The observation period
for both catchments is 20 years long and the simulation is operated at daily time scale. The models have
been run by using the software R (www.r-project.org) and parameters have been calibrated by referring to
an observation period varying from 2 to 10 years. Validations performed over an observation period of 10
years by using data that were not employed in calibration.

The results show that the performances of HBV, which counts a higher number of parameters with respect
to HYMOD, are more satisfactory when the model is calibrated on a sufficiently long observation period.
When the calibration data-base is reduced, HyMOD provides less uncertain simulations.
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Generation of synthetic river flow data by using stochastic models

L. Cacciamani’, A. Montanari'
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Abstract:

The purpose of the study is to calibrate a stochastic model on time series of river flow data for the purpose
of generating synthetic hydrological variables. Using the R software (www.r-project.org), an autoregressive
integrated moving average model is applied to a series of mean daily flows. Given that river flow data are
non Gaussian, and affected by seasonality, the series is first transformed to resemble a normal distribution
and it is deseasonalized. The function arima, included in R standard stats package, is used to estimate the
model parameters. This step is repeated for different model orders, with a maximum value of 3. The arima
function gives, as a result, a class object which contains estimated residuals, as well as estimated
autoregressive and moving average parameters. Residuals checking are used to validate the model and
check the best set of model orders. The results show that several different model orders may provide a
satisfactory fit.

Assessment of the impact of hypothetical extreme floods
in the Secchia River (Italy)

P. Leoni', A. Montanari’

School of Engineering and Architecture, University of Bologna
Viale Risorgimento, 2; 40136 — Bologna; tel: +39 051 2093502
Phone: +39 3490898921, email: leo88p@gmail.com

Abstract:

The study aims at assessing the impact of extreme floods in the Secchia River Basin (ltaly). In the first part
of the work we analyze the flood event that occurred in the Secchia River during 18-28 December 2009,
when a rainfall occurred with a return period that was not relevant (less than 5 years) which induced
extreme hydrometric values downstream. The data that were collected and analyzed within this study were
recorded by automatic stations, managed by the Protection Agency (ARPA) of the Emilia-Romagna
administrative region. In the second part of the work a rainfall with higher return period is assumed to occur
over the catchment and river flows are simulated by using a rainfall-runoff model by referring to several river
cross sections. The purpose of the second part of the study is to check the allowance for freeboard for the
levees in the downstream part of the river.

33



Book of Abstracts — 6" IAHS-EGU International Symposium — Bologna 4-6 June 2014

Is the frequency of severe rainstorms increasing in Emilia-Romagna (Italy)?
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Abstract:

There is a strengthening common perception that the frequency of hydrological extremes is dramatically
increasing in several areas of the world, due to a combination of different causes, among which climate
change is often described as the major factor. Over the past five years, the Emilia-Romagna administrative
district has been affected by 83 severe rainstorms, which caused flooding, disruption to traffic, landslides
and even loss of human lives in at least two cases: Sala Baganza June 11, 2011, and Rimini June 24, 2013.
Has the frequency of severe rainstorms increased during the last two decades in Emilia-Romagna? To
address this science question we perform a quantitative assessment of possible recent modifications
occurred in the frequency regime of annual maximum rainfall depths associated with durations ranging from
1 hour to 24 hours. In particular, we statistically test at 5% significance level the null hypothesis HO: "The
regional frequency model identified for Emilia-Romagna by Di Balsassarre et al. (HESS, 2006) on the basis
of annual maxima collected from 1935 to 1989 is suitable for representing the frequency regime of hourly
rainfall extremes observed between 1995 and 2012". Our preliminary investigations do not seem to support
the above mentioned common perception, since the HO hypothesis could not be rejected for 157 out of 166
recent annual sequences of hourly rainfall with at least 10 years of data. The number of cases in which HO
should not be rejected slightly decreases for longer durations (e.g. 113 out of 144 annual sequences with at
least 10 annual maxima of 12-hour rainfall depth), for which, though, inter-site correlation severely impacts
the power of statistical tests.

On the flood risk evolution along the Po River: simplified tools
for a large scale and temporal analysis

F. Carisi', A. Domeneghetti', A. Castellarin’

'DICAM, University of Bologna, Viale Risorgimento, 2, Bologna, Italy
Phone: 0512093371, email: francesca.carisi@unibo.it

Abstract:

Climate change is often indicated as one of the most important factors controlling the increasing frequency
with which, in Europe and other areas of the world, high damages are caused by floods. However, in many
cases, the increasing of flood risk could be related to other factors, such as the evolution of the flood
exposure on the flood-prone area (e.g. the uncontrolled expansion of urban and industrial settlements
comports higher potential flood damages and losses). Starting from these considerations, we focus on the
middle-lower portion of the River Po (Northern Italy) with the aim of shedding some light on the impact and
relative importance of different factors controlling the flood risk. We analyse the evolution of the flood risk
during the last half century from different perspectives: i) hydrological factors, analysing long streamflow
data series at different gauging stations for the evaluation of significant trend on the river flow regime; ii)
anthropogenic impacts, investigating land-use and demographic dynamics observed from 1950s in the
catchment and in the flood-prone areas.

The study proposes simplified flood-vulnerability indices suitable for the representation of the flood risk
evolution along the middle-lower portion of the River Po, assessing the importance of different factors
contributing to the definition of flood risk. The results of the study represent important information that can
be particularly useful to decision-makers in the definition of large-scale flood-risk mitigation strategies and
development plans for the study area.
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Quantifying the effects of storage thresholds on step changes
in the flood frequency curve
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Abstract:

In the presented study the authors explore the effects of non linear catchment response related to storage
thresholds. They have shown in previous work that such catchment behavior may lead to step changes in
the flood frequency curve. In this study they explore the impacts of temporal and spatial changes in storage
properties on the magnitude of the step change using the maximum of the second derivative (curvature) of
the flood peaks with respect to their return period as a new measure for the magnitude of the step change.
The results of the analysis apply to catchments where runoff is generated by the saturation excess
mechanism and a clear separation between a permanently saturated region and a variably saturated region
with spatially uniform storage deficits exists. They perform a sensitivity analysis with a stochastic rainfall
model and a simple rainfall runoff model showing that the magnitude of the step change increases with
increasing area of the variably saturated region and decreases with increasing temporal variability of
antecedent soil storage. The return period where the step change occurs is very similar to the return period
of the rainfall volume that is needed to exceed the storage threshold. They present diagrams that show the
joint effects of spatial and temporal storage variability on the magnitude and return period of the step
change. The diagrams may be useful for assessing whether step changes in the flood frequency curve are
likely to occur in catchments where the runoff generation characteristics are similar as the ones examined
in the study and the flood records are too short to indicate a step change.

May flood-poor periods be more dangerous than flood-rich periods?

A. Viglione', G. Di Baldassarre?, J.L. Salinas', L. Brandimarte®, G. Bldschl'

'Institute of Hydraulic Engineering and Water Resources Management,
Vienna University of Technology, Austria
2Department of Earth Sciences, Uppsala University, Sweden
3Department of Integrated Water Systems and Governance, UNESCO-IHE, Delft, The Netherlands
Phone: +43-1-58801-22317, email: viglione@hydro.tuwien.ac.at

Abstract:

River flooding in floodplains may cause loss of lives and tremendous economic damages and, therefore, is
rightly seen as a very negative event by the riverine communities involved. Occurrence of many floods in a
row is, of course, even more frustrating and is rightly considered as an unbearable calamity. In many places
in the world, it has been observed that extreme floods cluster in time into flood-poor and flood-rich periods
consistent with the Hurst effect. If this is the case, when are the people more in danger? When should
people be more concerned? In flood-poor or flood-rich periods?

By applying a socio-hydrology model we found out that, maybe counter-intuitively, flood-poor periods may
be more dangerous than flood-rich periods. The model is a conceptualisation of a hypothetical setting of a
city located in the proximity of a river, along whose floodplains a community evolves over time, making
choices between flood management options. The most important feedbacks between the economic,
political, technological and hydrological processes of the evolution of the community are represented in the
model. In particular, the model also accounts, in a dynamic way, for the evolution of the the community
awareness to flood risk. It is shown through examples that frequent flood events may result in moderate
damages because they ensure that the perception of risk and, consequently, people preparedness remains
high. Conversely, long periods without floods will serve to diminish awareness, since the memory of floods
tends to be short (i.e., people tend to forget quickly), finally leading communities to take higher risks.
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The Role of Predictive Uncertainty in the
Operational Management of Reservoirs

E. Todini'
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Abstract:

Most of the large reservoirs in the world are currently managed either on the basis of politically influenced
empirical rules or on the basis of optimisation-based rules derived either via deterministic (linear and non-
linear programming, dynamic programming, etc.) or stochastic (generally stochastic dynamic programming)
approaches. The resulting deterministic or stochastic optimised operating rules are then operationally
triggered on the basis of future inflows predictions, mostly provided by seasonal or shorter-term hydro-
meteorological forecasts. Moreover, when a flood is bound to happen, the decision maker may become risk
averted thus changing the primary objective from benefit optimisation to risk management. This implies
making use of shorter-term (weekly, daily or even hourly) operational flood forecasting systems. Today,
most of these forecast, although inherently highly uncertain, are frequently used as deterministic in the
decision making process. This inevitably results in strongly sub-optimal management results, which could
be definitely (and simply) improved by accounting for and incorporating the predictive uncertainty in the
decision making process. Using a theoretical and extremely simplified case, based on the Aswan reservoir
data, it will be shown why neglecting predictive uncertainty may lead to poorer reservoir management.
Moreover, the effectiveness and the tangible benefits for using the measure of predictive uncertainty (the
entire probability density) as opposed to the actual predicted value, will be demonstrated on the basis of the
Lake Como management system, which is operational since 1997, as well as on the basis of a case study
on the lake of Aswan.

Heat and dry island observed over Jakarta, Indonesia, in 2012

H. Widyasamratri', K. Souma’, T. Suetsugi’, H. Ishidaira’, Y. Ichikawa', H. Kobayashi', I. Inagaki',
K. Kakizawa'

"University of Yamanashi
+81 55 220 8345 g11dea03@yamanashi.ac.jp

Abstract:

Recently, Asian countries experience rapid urbanization. Population concentration to urban area extends
artificial land cover, increases energy consumption, and causes various problems. Especially higher air
temperature over urban area (heat island) degenerates residential environment, and affects human health.
Therefore, investigation of the heat island over Asian Megacities is pressing issue. In Jakarta, the largest
city in Indonesia and the second largest city in Asia, some studies tried to investigate the intensity and
extension of heat island. These studies rely on quite few observation points (only 4 to 5 points) and physical
based model. To figure out more realistic thermal environment in Jakarta, denser observation is needed. In
this study, we carried out 7 additional fixed-point temperature and humidity observation in Jakarta from dry
to pre-monsoon season (from 16 September to 18 October) in 2012. On a typical day in dry season, 16
September, air temperature was higher over densely urbanized area because of strong heating caused by
artificial land cover and anthropogenic heat until 12 LST (local standard time) compared with sparsely
urbanized area. After 12 LST, increase in air temperature was suppressed because sea breezes penetrated
and carried cold air from Java Sea. In the night time, air temperature over densely urbanized area was
clearly higher than suburban area because urban geometry prevented radiation cooling. In point of
humidity, specific humidity was lower over densely urbanized area in the midmorning because
evapotranspiration from vegetation was smaller than suburban area. Around noon, specific humidity also
decreased inland suburban area because of the effects of densely urbanized area close to sea. In the
afternoon, specific humidity increased from coastal area to inland area, because sea breezes carried water
vapor from Java Sea to inland. Overall, the features of heat and dry island over Jakarta was revealed in this
observation.
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Transformation of the tidal waves in the estuary of the Amur River

P. Sokolova', T. Ponomareva'
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Abstract:

This study considers the water dynamics in the Amur River estuary. The impact of the tides on the
regularities of the interface of the river and the sea is studied. The transformation mechanism of the river
flow and tidal waves in the Amur River estuary is described. The interaction of the opposing flows is studied.

Analysis of the driving factors of the ecological health evolution in the Zhang
weinan River Basin

J. Tan', Z. Dong', Q. Fang*, X. Fu!, W. Xu*
College of Hydrology and Water resource, Hohai University, Nanjing 210098, China

Abstract:

Based on the PSR model, this study made the health assessment of ecological conditions of Zhang weinan
River basin in three eras (1980s, 1990s, 2000s) with sub basin as the unit. This study identified the main
driving factors of human activities on the basis of analyzing the evolution trends of its ecological health and
it also quantitatively determined the magnitude of the driving factors of landscape ecological health. The
results show that, since the 1980s, the ecological health of Zhang weinan River Basin presents a trend of
worse and slightly turning good. The main factors of human activities are urbanization, soil and water
conservation and utilization of water resources, which affect the healthy development of the basin.
Thereinto, urbanization and soil and water conservation have the positive effects on the ecological
landscape pattern of the basin, with the rate of contribution about 26% and 35%. While to a certain extent
the utilization of water resources affect the healthy development of ecological landscape of the basin, with
the rate of contribution about -39%.
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Observed meteorological dry and wet events in central Finland and
associated climate teleconnection patterns: 1959-2009

M. Irannezhad®, A. Torabi Haghighi* & B. Klgve'
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+358503503269 — masoud.irannezhad@oulu.fi

Abstract:

Extreme climatic events may severely influence our society and environment. Drought as one of main
extreme events is natural water shortage resultant of decrease in amount of precipitation during a long time
period, like a season or a year. It plays an important role in sustainable water resources planning and
management by threating terrestrial ecosystem and different human activities such as agriculture, forestry
and recreation. Using Standardized Precipitation Index (SPI), we analyzed variability of meteorological dry
and wet events on different time scales (annual, seasonal and monthly) in central Finland during the period
1959-2009. For different SPI values (SPI12, SPI3 and SPI1), trends based on the Mann-Kendall non-
parametric test and most significant relationships with the climate teleconnection patterns based on the
Spearman correlation coefficient (rho) were determined. Analysis of SPI values indicated more frequent wet
years, seasons and months over central Finland during the study period than the dry ones. The SPI12,
SPI3 for winter and summer seasons, and SPI1 for July and December showed significant increasing
trends (p<0.05), while the SPI1 for August showed more dry conditions in the recent years. The East
Atlantic/West Russia (EA/WR) and the Scandinavia (SCA) patterns were the most effective teleconnections
on variations of SPI values on different time scales.

Regional methods of hydrological computations for ungauged sites

V. A. Lobanov', S. A. Lobanova'

'Russia, Russian State Hydrometeorological University, St. Petersburg
Phone: 8-905-2595641,email: lobanov@EL6309.spb.edu

Abstract:

The methodological and theoretical issues of regional modeling associated with the two main opposing
properties of hydrological characteristics: their continuity in space, which is expressed in the method of
contouring, and their readability, stipulates the existence of homogeneous regions in which the creation of
regional dependency. Given the disclosure of this "hydrological dualism" associated with different
contribution of zonal and azonal factors that reflected in different structures of regional models. Given the
structure of regional models , depending on the spatial properties of the hydrological characteristics and
factors.

The analysis of methods of interpolation and hydrological analogy has been given. The methods of
perpendicular and rays have been suggested to calculate the weighted interpolation coefficients and the
technique of evaluating the effectiveness of methods for independent information. Examples of application
of the proposed methods for various geographic areas have been shown. Methodology is suggested for the
selection of effective analog synthesis and long-term observation series in unexplored paragraph assessing
the effectiveness of an independent information. Examples of application of the proposed method are given.
The general methodical sequence for construction of regional dependencies, including three stages is
suggested. The methods are given for evaluating the effectiveness of the resulting regional model based on
residual analysis and testing it on the dependent and independent information and conditions for
extrapolation to very small watersheds that are usually required and the practical implementation

Examples of construction, assessment and application of regional dependency are given for maximum
spring flood runoff and rainfall floods in various regions of Russia, north of Western Siberia, the central
district of European part of Russia, Angara basin, Kaliningrad region, the Black Sea coast.
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Modeling the shrub encroachment in a grasslands with a Cellular Automata

D. Caracciolo®, E. Istanbulluoglu?, L. V. Noto*
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Tel.: 091 23896544; e-mail: domenico.caracciolo@unipa.it

Abstract:

Arid and semiarid grasslands of southwestern North America have changed dramatically over the last 150
years as a result of the shrub encroachment, i.e. the increase in density, cover and biomass of indigenous
shrubby plants in grasslands. Numerous studies have documented the expansion of shrublands in the
southwestern America Grasslands; in particular the encroachment of shrubs in American deserts has
strongly occurred in the Chihuahuan deserts from 1860. The Sevilleta National Wildlife Refuge (SNWR),
located in the northern Chihuahuan desert, shows a dramatic encroachment front of Larrea tridentata
(shrub) into native desert grassland. This encroachment has been here simulated using an Ecohydrological
Cellular Automata Model, CATGraSS.

CATGraSS is a spatially distributed model driven by spatially explicit irradiance and runs on a fine-
resolution gridded domain. Plant competition is modeled by keeping track of mortality and establishment of
plants, both calculated probabilistically based on soil moisture stress. For this study CATGraSS is improved
with a stochastic fire and a grazing function, and its plant establishment algorithm is modified.

The model is implemented in a small area (7.3 km?) in SNWR, characterized by two vegetation types: grass
savanna and creosote bush shrub. The causes, here considered for the encroachment in this case study,
are: the fire return period increase, the grazing increase, the seed dispersal caused by animals, the role of
wind direction, the shrub-grass inhibition effect (i.e. allelopathy) and the plant type competition. The model
is able to reproduce the encroachment occurred in the SNWR basin, simulating an increasing of the shrub
from 2% in 1860 to 42% in 2010 (actual shrub percentage) highlighting among the most influent factors the
reduced fire frequency and the increased grazing intensity.

Land use impacts on stream ecosystems — studied using Distributed
Temperature Sensing (DTS) and hydrological modelling

E. Boegh', G. Banta', K. Matheswaran’, S. L. Nielsen' and L. Seaby'

"Department of Environmental, Social and Spatial Change (ENSPAC), Roskilde University
Phone: 0045-46743940, email: eboegh@ruc.dk

Abstract:

Water management in Denmark is challenged by high groundwater abstraction rates in and around urban
and agricultural regions which are placing significant stress on stream ecosystems. In addition, the use of
fertilizers and pesticides in agriculture is increasing water scarcity by polluting groundwater and leading to
enhanced eutrophication in lakes and estuaries. Environmental regulations aiming at securing and
protecting water resources and aquatic environments include strict nitrogen (N) norms in agriculture (=85 %
of economical optimal) and land use change measures, such as the growing of catch crops and the
establishment of stream buffer zones where agricultural activities are prohibited. In 2013, a new
environmental law requires stream buffer zones to be expanded to 10 m, and pipe drains are currently
being cut off to facilitate the development of wetlands in the stream buffer zones thereby increasing
denitrification. Generally, environmental land use plans aim to increase both wetland and forest areas to
reduce N loads. The impacts of such pollution mitigating land use strategies on hydrological processes
influencing stream discharge and stream temperature are not well known. The current study combines
Distributed Temperature Sensing (DTS) measurements and catchment hydrological modelling to investigate
land use impacts on hydrological processes affecting stream temperature and stream flow in an agricultural
catchment. The DTS system (a fiber-optical cable) was installed in a 1.8 km stream reach with sections of
forest, agriculture and wetlands represented in the riperian zone, and stream temperature data were
measured each meter and each three minutes during all seasons of the year. It is found that during summer
low flow conditions, wetlands in the riperian zone significantly increase the stream temperature and may
contribute to the development of unsuitable stream habitats. It is recommended that such impacts are
further studied, and that alternative locations for the establishment of mini-wetlands are also explored.
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Sediment matters in hydrological watersheds

H. Aksoy'

'Istanbul Technical University, Department of Civil Engineering, Maslak, Istanbul, Turkey
email: hafzullah.aksoy@gmail.com

Abstract:

Rainfall and runoff induced erosion and sediment transport in hydrological watersheds are complex
processes. This process has great importance in scientific research studies and engineering practice. The
amount of sediment transported within the watershed is needed for hydrological and environmental
problems. Sediment transport over a watershed can be estimated by time series analysis, empirical or
mechanistic equations, monitoring, sampling, surveying, remote sensing or geographical information
systems. As monitoring and sampling sediment transport process are costly and not easy to implement yet,
modeling has become an alternating tool used for estimating sediment transport. Data-based empirical
models as well as process-based hydrological models are available for this purpose, yet modelling is
difficult and challenging. Challenges encountered in the modelling are the variability in the estimate of
sediment calculated by each model, data requirement for the calibration of model parameters, complexity in
the calibration and validation stages of the process-based models, uncertainty in the transport capacity
approach used in model construction, etc. In this study, these challenges related to the modelling sediment
matters are discussed with an emphasis on the process-based sediment transport models. A case study on
Buyukcekmece dam reservoir in the greater municipality region of Istanbul, Turkey shows that order of
magnitude different outputs are obtained when data-based models are used for estimating sediment
transport in hydrological watersheds. Process-based models were paid particular attention on their
microtopographical structure, parameterization and data requirement.

Model to assess the impacts of external drivers on the hydrology of the
Ganges River Basin

L. Muthuwatta®, A. Sood?, B. Sharma®

YInternational Water Management Institute (IWMI),P O Box 2075, Colombo, Sri Lanka
Phone: 94-11-2880000, Email: . mutuwatte@cgiar.org

Abstract:

The objective of this study is to quantify the impacts of various external drivers on the hydrology of the
Ganges River Basin (GRB). To accomplish this, the Soil and Water Assessment Tool (SWAT) is used to
simulate hydrological flows. The GRB is divided into 1,864 sub-basins to capture all the tributaries. The
SWAT model was setup using daily weather data for the period 1979-2010. The SWAT Calibration and
Uncertainty Program (SWATCUP) was used to calibrate the model. The calibration period was selected as
1981-1990 with first two years as a warming up period. The calibrated model was validated for the period
1991-2000 by flow time series collected at different locations. The performance indicators show reasonable
simulations for streamflow. The calibrated model was used to simulate the hydrological system of the GRB.
Simulations were carried out for 30 years from 1981-2010. The preliminary simulations on annual water
balance components showed that about 41% of the available water resources in the GRB contribute to
evapotranspiration while the groundwater component is about 23% and the balance is leaving as surface
runoff in the river. This model has been used to analyze the impacts of anticipated external drivers on
hydrology of the GRB. These external drivers are: change in rainfall and temperature, increase of water use
in the basin and the population growth. In comparison to the values in 1991, domestic water demand in the
GRB is projected to increase by approximately 80% until 2030. Simulations using climate change data
indicated that in 2030, the total groundwater recharge would be reduced by 8% while the increase of
evapotranspiration will be about 17% compared to the 1991.The model setup is available for free from
IWMI’'s modeling inventory.
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Potential impacts of climatic variations on water availability and implications
in water management in wetland dominated Andean environments

F. Soria*

*Agua Sustentable
+591-73241514, soriakaigan@gmail.com

Abstract:

In the highlands of the Andes in Bolivia, productive systems are basically dependent upon breeding of
Southamerican camelids, whose nutrition depend almost exclusively on wetland vegetation, which in turn
strongly depend on the availability of water in the Sajama basin. Considering the potential impacts of global
environmental change on water availability, this research aims to evaluate such issue from a water balance
perspective. For the analysis it is employed a semidistributed water balance model. In absence of
agricultural activities, it is assumed that the main water user are the Andean wetlands within the study basin
and that for such water user, the water demand can be adequately described by its calculated real
evaporation. The analysis is carried out for three scenarios: present time (2005-2010) and a future time
scenario (2046-2051), the later under predictions carried out by a stochastic mathematical model. The
analysis is carried in a monthly basis. A global sensitivity analysis is carried out to evaluate the model
predictive uncertainty. Results suggest that for a future scenario with unclear precipitation trends and an
apparently evident future trend to raise for the water demand (i.e., the evapotranspiration), it is expected a
decrease in the discharge frequency of occurence of about 14 L/s/km2. For the dry season, our study
suggest a general increase in the frequency of occurence. For the transitional season, a mixed behavior is
expected, with a decrease in the frequency of occurence of values lower than 2 L/s/lkm2 and an increase in
the frequency of occurrence of values higher than the mentioned one. Later, in order to analyze variations
of the potential impacts on the water demand, the sensibility analysis suggest that the user with higher
demand is likely to displace the relevancy that precipitation has on the natural hydrological system.

The investigation of the biocenoses in the Karchaghbyur river biotope affected
by the small hydropower plants

G. A. Gevorgyan®, T. V. Boshyan?, A. S. Mamyan®, A. H. Hayrapetyan®

Institute of Hydroecology and Ichthyology of NAS RA, Paruyr Sevak st. 7, 0014, Yerevan, Armenia
Cell phone: +37495101184; E-mail: gev_gor@mail.ru

Abstract:

Hydrobiological, hydrophysical and hydrological studies were implemented in the Karchaghbyur and Argichi
rivers in October-December 2013.

The studies showed that the higher values of the quantitative and qualitative parameters of zooplankton in
the Karchaghbyur river were registered in the site situated after the hydropower plant as this site of the river
had lower velocity, and there were the thickets of higher plants. These conditions are favorable for the
growth of zooplanktonic organisms. According to the observation sites situated before and after the
hydropower plant, the quantitative and qualitative parameters of phytoplankton decreased which is
explained by the pressure of zooplanktonic organisms as well as a change in thermal regime. In the
observation site situated after the hydropower plant, where the representatives of the family Gammaridae
prevailed quantitatively (>96% of total biomass), the quantity and the biomass of benthic
macroinvertebrates were higher than the quantitative parameters in the site situated before the hydropower
plant which was conditioned by the existence of the thickets of macrophytes that had been formed due to
the low velocity and the nutrient regime of the river and are preferable feed and habitat for the
representatives of the family Gammaridae. The qualitative parameters of benthic macroinvertebrates
decreased according to the observation sites situated before and after the hydropower plant which may
have been conditioned by a decrease in dissolved oxygen level in the conditions of lower flow velocity and
higher water temperature.

This work was supported by National Foundation of Science and Advanced Technologies, in frames of
research project Ne YSSP-13-12.
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Floods, droughts and water risks in a changing socio-hydrological context:
Feedbacks between water resources and social systems
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Methodologies for hydraulic hazard mapping in alluvial fan areas

L. Milanesit, M. Pilotti*, R. Ranzi!, G. Valerio*
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Abstract:

This paper discusses several criteria that can be introduced for the production of flood-related hazard maps
currently used as a baseline for risk transfer, emergency management and land use planning. Hazard maps
should convey to the stakeholders the physical meaning of hazard levels and contain the minimum number
of subjectivity elements in order to produce reliable and sharable constraints. Specifically, this contribution
is focused on hydraulic hazard mapping on alluvial fans, where floods often occurs as debris flows: in these
settings, which suffer from growing levels of urbanization, hazard can be evaluated on the basis of
geomorphic approaches or computed using numerical models. We argue that the numerical results provide
the basis for rational and objective criteria, whilst geomorphic approaches should be used to define the
main features of the event and to identify its boundary conditions. Most of the hydraulic hazard mapping
criteria coded in National regulations are based on the direct use of the maximum values of flow depth
and/or velocity only. Other approaches move from the evidences of several experimental studies about
human and vehicles stability in a flood, that usually lead to inverse proportionality relationships of different
complexity between water depth and velocity. In general thresholds values introduced by regulations
appears as arbitrary and deprived of a physical justification. This paper presents the debris flow hazard
criteria prescribed by the national regulations of Austria, Switzerland and Japan and compares them to a
simple physically based model for human safety in a flood. The proposed approach verifies local human
stability with respect to slipping failure under the effect of weight, drag, buoyancy and frictional forces.
Finally, the resulting maps calculated for some Alpine debris flow events were quantitatively compared on
the basis of the areal extension associated to each hazard level.

Changes in flood vulnerability, focused on private precautionary measures

H. Kreibich'

'"GFZ - German Research Centre for Geosciences, Section Hydrology, Germany
Phone: +49 331 288 1550, email: kreib@gfz-potsdam.de

Abstract:

Flood risks emerge from extreme hydrological events and exposure of human activities. A large part of the
observed upward trend in damage is assumed to be related to socio-economic factors, such as
accumulation of assets and increasing vulnerability in flood-prone areas. There is a significant research gap
in (semi-)quantitative studies on changes in vulnerability and its drivers.

This presentation will focus on the research question: How did flood vulnerability change in the past,
focused on private precaution as one of the main determinants of vulnerability of private households.

To gain further insights into the long-term development of private flood mitigation measures, empirical data
from flood-affected households in Germany are analyzed. Preliminary results show, that precautionary
measures developed gradually over time among flood-prone households, with severe floods being
important triggers for an accelerated implementation. Further drivers and their feedback mechanisms will be
investigated to improve the knowledge about changes in flood vulnerability, which is important for improving
flood risk analyses under changing conditions as well as for risk communication to further increase the level
of preparedness of the flood-prone population.

44



Book of Abstracts — 6" IAHS-EGU International Symposium — Bologna 4-6 June 2014

Multi-model hydrologic prediction uncertainties analysis using parameter
optimizing and Bayesian model averaging

S. Jiang', L. Ren', X. Yang', M. Ma', Y. Liu’
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Hohai University, Nanjing, China
hik0216@163.com

Abstract:

Modelling uncertainties (i.e. input errors, parameter uncertainties and model structural errors) inevitably
exist in the hydrological prediction. Much attention has recently been focused on these, of which parameter
optimizing and multi-model ensemble strategy are the two most popular methods to demonstrate the
impacts of modelling uncertainties. This paper focuses on multi-model uncertainties analysis using
parameter optimizing and Bayesian model averaging (BMA). The Xinanjiang model, Hybrid rainfall-runoff
model and HyMod were applied to the Mishui Basin, south China, for daily streamflow simulation. The three
models were firstly calibrated by two parameter optimization algorithms, namely, the Shuffled Complex
Evolution (SCE-UA) and the Shuffled Complex Evolution Metropolis method (SCEM-UA); next, the
simulation sets calculated from the three models were combined using BMA; finally, the prediction intervals
for the signal model and merged simulations were estimated and compared. The results show that both the
two parameter optimization algorithms generate good streamflow simulations, specifically the SCEM-UA
can imply parameter uncertainty and give the parameters’ posterior distribution. The BMA combination does
not only improve the streamflow prediction precision, but also quantificationally give the uncertainty bounds
for the simulation sets. The calculated 95% prediction interval from the merged simulations of SCEM-UA is
excellent; while the calculated 95% prediction interval from the merged simulation of SCE-UA using monte
carlo combination sampling is worse; however, it is still much better than that of corresponding singe model.
These results suggest that considering the model parameters uncertainties and doing multi-model
ensemble simulations are very practical for the streamflow prediction and flood forecast; from which we can
generate more precision prediction and more reliable uncertainty bounds.

Changing Glacial Lakes and Associated Outburst Floods Risks in Nanda Devi
Biosphere Reserve, Indian Himalaya

S. Mal', R. B. Singh?

'Department of Geography, Shaheed Bhagat Singh College, University of Delhi,
Delhi-110017, India. suraj_dse@rediffmail.com. Phone no 91-9968166893
2Department of Geography, Delhi School of Economics, University of Delhi,
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Abstract:

Glacial lakes have increased in Himalayan region due to climate change during last century. Thesel lakes
have been increasingly observed to breach out, leading to outburst floods (GLOFs) and debris flows. The
GLOFs events cause huge loss to human society. Therefore, present study was undertaken to map glacial
lakes, their increasing extent and associated damage potentials in Nanda Devi Biosphere Reserve (NDBR),
Indian Himalaya. The glacial lakes were mapped on the recent Landsat TM5 satellite images (3-11-2009
and 6-11-2010) in combination with ASTER GDEM2 data. Major lakes were remapped on earlier MSS
satellite images (15-11-1976 and 26-10-1979) to assess their changing characteristics, using change
detection method. A few potential GLOFs sites have been studied for their damage potentials using site
characteristics. Assessment of damage potential has been done in relation with previously occurred GLOFs.
Five GPS aided field visits along with intense site photography were also made to different areas for
verification of results. A total of 35 lakes were mapped, of which 17 are supra-glacial lakes, 5 cirque lakes, 4
lateral moraines-dammed, 3 end moraines-dammed and 6 other types of lakes. The altitude of lakes
increases towards northern margins. As many as 14 lakes are located at more than 4500 m above msl. The
size and damage potentials of glacial lakes have increased over the years. Unnamed lake on East Kamet
glacier, Sitkeng, Geldhura and Hemkund has increased their area of 79952.2, 30430.9, 29543.9 and
27948.7 m2 respectively. Some lakes grew to the extent that they merged and formed a big lake. All of
these are potential GLOFs and can cause severe damages to downstream. There are already many cases
of GLOFs in NDBR that have caused severe damage to human society.
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Past and future water demand under the combined impacts of anthropogenic
and climatic changes: case study on two Mediterranean catchments
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Abstract:

Worldwide studies have shown that the Mediterranean region is one of the most vulnerable areas to water
crisis due to an increase in temperature, a decrease in precipitation and growing human pressures. The
Hérault (2,500 km?, France) and the Ebro (85,000 km?, Spain) catchments are representative of this context
but differ in their physical and anthropogenic characteristics. Cumulated increases of population (Hérault
+21%, Ebro +8%), irrigated areas (Ebro +29%), and industry observed in the recent past (1970-2009) point
towards the necessity of considering the ability of these catchments to satisfy water needs. This evaluation
in the recent past requires knowledge of the spatial, inter-annual and seasonal dynamics of water demands
and of their main drivers (population distribution, crop types, irrigation practices, industrial sites, climatic
conditions...) through a long-term historical reconstitution, and their inter-annual and seasonal variations.
This work presents a method to integrate these key-variables in a conceptual modeling framework in order
to estimate the evolution of water demands on each catchment. In the Hérault basin, domestic demands
have largely increased since the 1970s and are characterized by a seasonal peak in summer. Agricultural
demands have increased in the downstream sub-basins and decreased in the upstream ones where
irrigated areas have decreased. In the Ebro basin, the increase in domestic water demands is slightly more
moderate. In contrast, agricultural demands (87% of total water demand currently) highly increased mostly
due to the expansion of irrigated areas (+22% in the 2000s), with a high seasonal variability. Future water
demands were assessed for 2050 under the combined constraint of socio-economic and climate scenarios
(downscaled from 9 IPCC-AR5 GCMs under RCP8.5). Results show that the impact of anthropogenic
changes on total water demand (+6 to +25%) is more important than the impact of climate change (+7 to

How is climate science being used to inform water resource plans?

F.Dyer’, L.Pearson? J.Christian-Smith®
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2 Business, Government & Law, MDBFutures Collaborative Research Network, University of Canberra
3 Union of Concerned Scientists, Berkeley, California
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Abstract:

Over the past 20 years, considerable effort has been invested in understanding and predicting the
consequences of climate change for water resource systems. This has been justified as a response to the
demand by water resource management agencies for information to incorporate in planning activities. Such
investment suggests that climate science would be imbedded within current major planning activities. We
investigated two significant water resource planning activities currently occurring in Mediterranean regions
of the world: the Murray Darling Basin Rivers in Australia and the Sacramento-San Joaquin Bay Delta
Rivers in the United States of America. In both regions, climate change is already altering water regimes
and potentially has significant consequences for freshwater resources in the future. Both regions are
important for agricultural production, environmental values, human populations and energy production
resulting in complex planning environments in which multiple agencies and stakeholders are involved.
Using a combination of detailed review of planning documents and interviews with key players and
observers, we compared the two planning processes, focussing on the way in which climate science is
being used to inform, or establish, sustainable limits to water extraction. Influence diagrams were created
that identified the actual and potential use of climate science in both the technical and social components of
planning. Contrasting approaches were evident: modelling played a larger role in the Australian case study,
while stakeholders involvement was more prevalent in California. Neither made explicit use of climate
science. The plans, and their implementation, must therefore be sufficiently adaptable as to incorporate
climate science as they are implemented.
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An Integrated Water Resources Management Strategy for Al-Ain City, UAE
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Abstract:

Al-Ain is the second largest city in the Emirate of Abu Dhabi and the third in the UAE. Its current population
is about 650,000 inhabitants with an estimated annual growth of about 6%. Currently, desalination plants
are the only source of drinking water in the city. The current average daily water supply to Al-Ain in is about
170 MIG (million imperial gallons); yielding a massive average per capita water consumption of about 1,200
liters per day. Recently, Abu Dhabi Urban Planning Council (UPC) released Al-Ain 2030 Plan. This plan
contains vision of Al-Ain urban structure framework aiming to support the evolution of the city into a modern
community. Although environmental sustainability was listed among its objectives, the plan, nonetheless,
did not particularly demonstrate strategies to attain needed water resources in order to achieve its
objectives. Water has always been the one necessary crucial commodity towards attaining sustainable
development in any society. Projects suggested in this plan, over and above the expected natural
population growth, will certainly put additional stress on the water resources in the city. With water use now
being more than 25 times larger than its renewable water resources, Al-Ain city seems to be in urgent need
for an integrated water resources management strategy towards achieving sustainable development.
Therefore, the main aim of this paper is to develop an integrated water resources strategy for the city
parallel to and supporting “Al-Ain 2030 Plan”. This strategy will contain three main components; namely, a
Water Demand Forecasting Model (WDFM), a Water Budget Model (WBM), and a Water Resources
Optimization Model (WROM). The WDFM will estimate the future water demands in the city. The WBM will
estimate all inflows and outflows to assess water resources sustainability in the city. The WROM will provide
decision makers with the needed flexibility via implementing several management alternatives and
conservation schemes.

Socio-hydrology of water scarcity in the United States — Mexico borderlands

C. A Scott', S. J. Buechler?

"University of Arizona, USA
2University of Arizona, USA
+1 (520) 626-4393, cascott@email.arizona.edu

Abstract:

In complex social-ecological systems, human and physical processes mutually condition one another
through co-adaptation at multiple scales from the local to the global. We modify a driver-response
conceptual model of social-hydrological interactions by considering the degree to which each set of
processes (human or physical) is simultaneously a driver and a response to global change. Processes that
are mutually conditioned offer significant potential to adapt to demographic and economic change, on the
one hand, and to climate, water resources, and ecosystems dynamics, on the other. By considering case
material from the United States—Mexico border region, we characterize socio-hydrological interactions
along a continuum from those acting exclusively as drivers to others reacting to change primarily as
responses. We consider water resources to integrate multiple global change processes including climate
change and variability, ecosystem resilience, and human water demands for a variety of purposes. We
examine in detail two watersheds in the Arizona-Sonora borderlands representing a socio-hydrological
systems. The Rio Magdalena in Sonora is an illustrative case of smallholder agriculture and rural livelihoods
engaged in adaption to water scarcity. Ambos Nogales relying on the binational Santa Cruz River and its
associated aquifers is experiencing rapid urban growth. Here, human drivers of water scarcity raise concern
for the medium- and longer-term implications of climate change. Adaption planning in Ambos Nogales is
centered on infrastructure-based solutions including an inter-basin water transfer connection with the Rio
Magdalena, in which wastewater flows to riparian corridors pose a particular challenge for humans and the
environment alike. Cross-border collaboration represents an important opportunity for adaptation. We
summarize the analysis of both cases by raising conceptual questions for further enquiry and for adaptation
and planning that are generic for the borderlands and beyond.
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Irrigation beneficiary selection through Analytical Hierarchy Process
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Abstract:

Irrigation is an important element of the broader water resources management. This is particularly important
in arid and semi-arid regions in order to ensure the food security. Like in many developing countries, Indian
governmental agencies provide grants and subsidies to socially and economically weaker sections to
support agriculture including developing irrigation facilities. One such system is Ganga Kalyan scheme
being implemented in various parts of India. It involves providing government grants to poor to marginal
farmers from socially weaker groups, referred to as backward classes. At present the selection process of
the beneficiaries is carried out on an ad-hoc basis and at times the selection is carried purely by political
factors. The present study focused on the development of an objective methodology to select the
beneficiaries, who belong to socially weaker sections. We developed and tested a simple methodology by
incorporating techno-socio-economic criteria through the use of Analytical Hierarchy Process (AHP) to
select the beneficiaries of an irrigation development scheme meant for backward classes referred to as
Ganga Kalyan Yojana. It involves a blend of socioeconomic and hydrologic criteria to evaluate the
applicants and choose the beneficiaries based on the viability of the schemes. The AHP based approach is
demonstrated using the data obtained from one of the blocks of Mysore District, in the state of Karnataka in
southern India. The paper discusses the methodology and its testing process, and demonstrated its utility
using the data collected from the Karnataka government agencies as well as through field surveys of
beneficiaries.

Upping the social in socio-hydrology

T. Krueger*, A. Bruns*

!Integrative Research Institute on Transformations of Human-Environment Systems (IRI THESys),
Humboldt-Universitét zu Berlin, Unter den Linden 6, 10099 Berlin, Germany
+49 (0)30 2093 66342, tobias.krueger@hu-berlin.de

Abstract:

The new scientific decade 2013-2022 of IAHS on Change in Hydrology and Society “Panta Rhei” has a
much needed emphasis on the social. However, the “socio-hydrology” that is beginning to emerge in the
academic literature seems to be merely extending mathematical modeling methodology from hydrology to
the realm of the social. We believe that reducing socio-hydrology to what can be modeled underestimates
the true complexity of human-water interrelations. In particular, the political processes in which water
resource problems originate, hydrological science is commissioned, conducted and used, and water
management decisions are made need more emphasis. In this paper we focus on two ways in which the
social could be enhanced in socio-hydrology: through connecting with the methods of the sociological and
political sciences that have been analyzing human-water interrelations for decades; and through opening
science up to civil society. We demonstrate with examples from our own research how interdisciplinary
mixed methods and the plurality of perspectives in transdisciplinary collaboration can enhance both the
practice of hydrological research and the solutions to water resource problems.
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Conceptual analysis of water scarcity: towards an integrated approach
crossing hydrology and social sciences

M. Milano', A. Buchs?

"University of Lausanne, Institute of Geography and Sustainability, Bat. Géopolis, CH-1015 Lausanne,
Switzerland. +41 21 692 30 77, marianne.milano@unil.ch

Abstract:

Water scarcity differs from drought and aridity, as it is not exclusively a physical phenomenon. It refers to a
lack of access to adequate quantities of water for human and environmental uses. Two distinct approaches
are here presented to grasp processes leading to water scarcity. These studies focused on the agricultural
sector in Spain, as it is the first European producer of fruits and vegetables. Moreover, it is one of the first
countries to have been preoccupied by water scarcity issues, notably by setting up water management
agencies. Water scarcity is first addressed from a hydrological perspective over the Ebro catchment in
northern Spain (85 500km?). An integrated framework modeling water resources and agricultural water
demands is suggested. These main variables are confronted using a water allocation index in order to
define water scarcity’s current state and its evolution by the 2050 horizon. Although water allocation rules
are considered, this approach lacks additional socio-economic information like the cost of the current
system and its sustainability or its capacity to adapt. The second study explores the social dimension of
water scarcity over the Campo de Dalias in Andalusia (330km?). It is based on historiographical and
institutional analysis of water use mode evolution over the last century. Unlike a-historical hydrological
analyses, this social contingent approach emphasizes changes in water use rather than physical water
shortage. Therefore, this paper highlights that water scarcity is a complex phenomenon that relies on water
resources availability but also on water use and water management. Lacks expressed by each study can be
overcome by a cross-fertilization of methods. Such integration aims at coupling synchronic results of the
hydrological approach (comparative analysis of static pictures of current and future states) and diachronic
understandings of social dynamics that shape the mode of water use. This is the subject of an ongoing
research.

Ensemble scenarios for projection of runoff changes in the large Russian river
basins in the 21st century

A.G. Georgiadi', N.I. Koronkevich', I.P. Milyukova', E.A. Barabanova'

"Institute of Geography, Russian Academy of Sciences, Staromonetny lane, 29, 119017 Moscow, Russia,
+74991290474, galex50@gmail.com

Abstract:

The approach for the long-term scenario design of river runoff changes in the large Russian river basins in
the first three decades of the 21% century includes two methods: a method of scenario estimations of runoff
changes under probable climatic warming, which is based on generalization of the calculations made on the
ensemble of global climatic models, and a method of alternative scenario estimations for water
management complex transformation. The methodology described is based on the monthly water balance
model of the RAS Institute of Geography. The range of probable climatic changes that is estimated by
calculating deviations of climatic elements from their recent values is used as a climatic scenario. The
calculations are made for the two scenarios with the most (A2) and least (B1) intensive rise of globally
averaged air temperature. Simulation results obtained by using ten global climate models are employed.
These were included in the IPCC program of the experiment “20C3M-20th Century Climate in Coupled
Models” (Meehl et al., 2007). The climatic models were chosen from comparing the present-day observed
and simulated climates (Kislov et al., 2008). The method for the long-term scenario projection of
transformation of water management complex characteristics takes into account the available forecasts of
population growth, indices of the development of the main economic sectors, and specific water
consumption. Again, radical methods to prevent water resources deterioration are also taken into account.
The results of the development of integrated scenarios are presented, with the Volga and the Don River
basins taken as an example.
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Developing Tools to Link Environmental Flows Science and its Practice in Sri
Lanka

N. Eriyagama', K. Jinapala'

'International Water Management Institute (IWMI)
+94 11 2880000, n.eriyagama@cgiar.org

Abstract:

The term “Environmental Flows (EF)” may be defined as “the quantity, timing and quality of water flows
required to sustain freshwater and estuarine ecosystems and the human livelihoods and well-being that
depend on these ecosystems.” It may be regarded as “water for nature” or “environmental demand” similar
to crop water requirements, industrial or domestic water demand. The practice of EF is still limited to a few
developed countries such as Australia, South Africa and the UK. In many developing countries EF is rarely
considered in water resources planning and is often deemed “unimportant.” Sri Lanka, being a developing
country, is no exception to this general rule. Although the country underwent an extensive irrigation/water
resources development phase during the 1960s through to the 1980s, the concept of EF was not/rarely
considered. However, as Sri Lanka’s water resources are being exploited more and more for human
usage, ecologists, water practitioners and policymakers alike have realized the importance of EF in
sustaining not only freshwater and estuarine ecosystems, but also their services to humans. Hence
estimation of EF has been made mandatory in environmental impact assessments (ElAs) of all large
development projects involving river regulation/water abstraction. Considering EF is especially vital under
the rapid urbanization and infrastructure development phase that dawned after the end of the war in the
North and the East of the country. This paper details simple tools (including a software package which is
under development) and methods that may be used for coarse scale estimation of EF at/near monitored
locations on major rivers of Sri Lanka, along with an example application to a location on river Mahaweli. It
is hoped that these tools will help bridge the gap between EF science and its practice in Sri Lanka and
other developing countries.

Analysis of flash flood scenarios in an urbanized catchment using a 2D
hydraulic model

F. Dottori', F. Grazzini?, M. Di Lorenzo?, A. Spisni?, F. Tomei?

'Department of Biological, Geological and Environmental Sciences, University of Bologna. Now at Institute
for Environment and Sustainability, Joint Research Centre, European Commission, Via E. Fermi 2749,
TP261, 21027 Ispra (VA), Italy
2Hydrometeorological and Climate Service, ARPA Emilia-Romagna, viale Silvani 6, 40122 Bologna, Italy
francesco.dottori@jrc.ec.europa.eu

Abstract:

In Italy, the growth of urbanization is increasing the flood risk due to minor water courses, especially in
small and steep catchments where severe flash flood events can occur. The assessment of flash flood
hazard calls for the application of new modelling tools, able to reproduce both the rainfall-runoff processes
in the catchment, and the flow processes in the drainage network. Here, we propose the use of a simple 2D
hydraulic model to analyse a flood scenario in a small valley within the city urban area of Bologna, in Italy.
Historically, this area has been prone to severe flood events, the last occurring in 1932 and 1955. Since
then, the urbanization of the lower portion of the catchment has significantly increased, while the natural
stream bed has been partially replaced by a culvert. Therefore, the 2D hydraulic model was applied at
catchment scale to simulate the possible effects of historical scenarios in the present catchment
configuration. Rainfall and runoff data measured during recent rainfall events were used to calibrate model
parameters. Model results show that the current culvert section would be insufficient to drain the runoff
produced by intense rainfall events, with potential inundation of surrounding urban areas.
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Individuation of rainfall triggering damaging hydrogeological events: a
methodological approach applied to Calabria (Italy)

L. Aceto', O. Petrucci?

'"CNR-IRPI (National Research Council-Research Institute for Geo-Hydrological Protection), U.O.S. of
Cosenza, Via Cavour, 4/6, 87036 - Rende (CS) - ITALY — o.petrucci@irpi.cnr.it

Abstract:

The paper deals with Damaging Hydrogeological Events (DHEs), defined as episodes of severe weather
conditions characterized by heavy rainfall, landslides, flooding, and sea storms. DHEs habitually cause
economic and human-related damage, in both rural and urbanized sectors. Each type of phenomenon
developing during DHEs is characterized by a proper dynamic and, according to the social and economic
framework in which develops, it can cause different impacts. Despite during storms all these phenomena
occur at the same time (or in a short while), often strongly amplifying damage and hinting emergency
management, studies available in literature tend to analyze each type of phenomenon separately, supplying
a fragmentary framework of either causes (rainfall) and effects (damage). For this paper, a database
concerning DHEs which occurred in Calabria (southern lItaly) in a 30-year period (1981-2010) has been
updated and improved by in-depth historical research. Among the numerous DHE occurred in the study
period, the focus is on the severest cases, in terms of economic damage and losses of life. For these
cases, the systematic analysis of the available historical series of daily rainfall allowed the individuation of a
series of typical rainfall-damage scenarios. The paper presents a methodological approach to both
individuate and analyze the events. The performed analysis of collected data allows individuating complex
rainfall thresholds (both daily and cumulative) that are able to trigger DHEs on the different regional sectors.
The results can be fruitfully used for zonation of the study region according to the susceptibility to be
affected by DHEs.

Phanta Rhei and the Hydrological Dilettante

G. Jewitt!, S. Uhlenbrook?

"Umgeni Water Chair of Water Resources Management, Centre for Water Resources Research,
University of KwaZulu-Natal
2UNESCO-IHE Institute of Water Education
+27-33-2605678, email: jewittg@ukzn.ac.za

Abstract:

The late Professor Vit Klemes in his provocative 1986 article published in Water Resources Research,
argued that there was a lack of theoretical recognition for hydrology as a discipline in its own right, and
criticised hydrologists for being “dilettantes who toy with the subject or study it lightly". In this paper, we
argue that the past 25 years have seen significant advances in developing the conceptual and theoretical
basis for hydrology as a discipline, that it is now well respected as a profession and it's teaching and
training at undergraduate and post graduate levels is well established. We may not be a mature discipline,
but we have certainly grown up!

However, the very real need to ensure the relevance of the discipline to address the massive changes
facing society in the future (the anthropocene) as argued for by Wagner et al in 2010 and exemplified by the
intention of the next hydrological decade i.e. Panta Rhei, also presents the risk that hydrologists will once
again become dilettantes - perhaps not in their own discipline, but in others. We argue that if hydrologists
are to make a meaningful contribution to future water resources management, then we need to do so from
a position of disciplinary strength and not dilute our efforts by dabbling (becoming dilettantes) in other
disciplines. Rather, hydrologists must recognise and respect the ethos, integrity and professionalism of
disciplines that we may not have been often exposed to, and involve scientists and practitioners from those
disciplines as collaborators in projects and on their teams in a truly transdisciplinary way, rather than
develop “new” sciences and take on these responsibilities ourselves.
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Floods hazards maps in Matucana Village under climate change scenarios

J. W. C. Cabrera!, L. F. C. Navarro*

Facultad de Ingenieria Civil, Universidad Nacional de Ingenieria, Lima25, Peru.
Phone: +51 945429377, E-mail: juancabrera@uni.edu.pe

Abstract:

Possible effects of climate change on floods magnitude y vulnerability are discussed in this document
based on existing data and projected changes in precipitation until 2099. This methodology is applied to
Matucana Village, which is vulnerable to floods and debris flows.

First, historical peak precipitation are fitted to a probabilistic distribution function and a probable maximum
precipitation is estimated to different return period; according with data, Gumbel distribution was accepted.
Then, percentage projected changes of precipitation are used to obtain projected maximum precipitation
time series until 2099. After that, projected time series are used to estimate new probable maximum
precipitation by considering the same probabilistic distribution function. Finally, peak flow hydrographs are
estimated and hazard maps are plotted.

A first analysis shown that February is the wettest month and their projected changes were chosen to build
the projected peak precipitation time series.

This application is possible because Matucana is located in a climatologically homogeneous basin.

Analysis was made using changes projected by the ECHAM4/OPYC3, HadCM3 and NCAR PCM models
include in the IPCC Fourth Assessment Report because these have the highest spatial resolution. The
interval defined by these models was considered like a variability interval and analysis considered three
scenarios: mean scenario, with mean changes projected; and minimal and maximum scenarios, defined by
the lowest and highest changes projected.

The final results suggest an important increase in magnitude and affected area by floods in the next 90
years under the A1FI emission scenario.

Assessing risks for integrated water resource management: coping with
uncertainty and the human factor

M.J. Polo’, C. Aguilar', A. Millares?, J. Herrero?, R. Gémez-Beas', E. Contreras’, M.A. Losada?

'Andalusian Institute of Earth System Research, University of Cordoba, Spain
2Andalusian Institute of Earth System Research, University of Granada, Spain
+34 957 212 662, mjpolo@uco.es

Abstract:

Integrated water resource management requires an accurate assessment of the risks associated to the
different soil-use and water-allocation planning alternatives. Risk assessment in arid and semiarid areas
must deal with the uncertainty associated to excess/scarcity extreme events occurrence and magnitude,
together with the costs associated to their consequences. But the latter is very much dependent on the
intervention of man on the territory; the previous actions already performed, devoted to increase water
security (e.g. flood mitigation, reservoir storage increase, modernization of conduits and irrigation
techniques), usually involve an indirect “call-effect”, due to which the territory occupation or water use is
increased following the enhanced protection achieved by such actions. This work shows representative
examples of such situations in Mediterranean watersheds: flood and water demand in selected sites in
Southern Spain are assessed by means of the stochastic simulation of extremes in the medium and short
term, and the comparison of the final conclusions derived when human factor is/is not considered. The
results show how not including this call-effect induced an underestimation of flood risk after protecting the
floodplain, ranging between 15 and 60% when the human factor was not considered (from the adoption of
the observed occupation increase rate in neighbouring areas) in a 15-yr planning horizon, which eventually
was below the estimated risk associated to the decision of not protecting the area. Similarly, the water
saving due to the shift towards highly efficient irrigation systems resulted in a scarcity risk increase up to a
38% when the observed trend of expanding the irrigated area as a result of the higher water efficiency was
included in the simulations. The need of including this interaction in the decision-making assessment tools
is highlighted from these results, especially when water availability is a socio-economical constraint.
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Feedback between societal change and hydrological response in Wadi Natuf, a
karstic mountainious watershed in the occupied Palestinian Westbank

C. Messerschmid'

'Albert-Ludwigs-Universitét Freiburg/Br, Germany
+972-598-446061; clemensmesserschmid@yahoo.de

Abstract:

Runoff observations with high spatial and temporal resolution before, during and since the Intifada in the occupied
Palestinian West Bank allow for new insights into the feedback between changing social systems and hydrological
response under changing land forms. Lacking land control and infrastructure, movement restrictions and tight closure
regimes, intensive settlement expansion and mushrooming unregulated solid waste dump-sites impact on runoff
generation, groundwater recharge, flow patterns and rising water quality concerns. Long-term monitoring results from
a 105 km2 Mediterranean climate catchment are presented. More research will strengthen these linkages. Short- to
long-term technical protection measures are suggested. Changing socio-hydrological context of land sovereignty and
equitable water rights remain paramount for addressing the chronic water crisis, establishing more symmetrical access
and sustainable management of the shared water resources.

Human managed landscapes in transformation: potential water resource
boundaries in a semiarid agricultural catchment of Burkina Faso

J. Barron', H. M. Cambridge'

Stockholm Environment Institute, Environment Department, University of York, UK
Tel: +44 (0)1904 322944, email: jennie.barron@sei-international.org

Abstract:

Transforming landscapes for benefiting human wellbeing, economic development and environmental
sustainability continues to alter natural water cycles resulting in adverse impacts at multiplier scales. The
challenge to improve water resources management to deliver multiple benefits increases as demands for
functions and provisions of water related services also increase. One particular rapid transformation is the
development of agriculture in low income environments requiring high demand of water inputs tor
agricultural production. We present an example of a typical transforming landscape in the semi-arid sub
Saharan Africa context which is dominated by savannah and rainfed smallholder agriculture. The study area
in Burkina Faso, is 1000 km2 catchment size, having significant rainfall and has undergone major land use
change over the last 50 years due to human development. We use the Soil Water Assessment Tool (SWAT)
and complementary livelihood assessments to explore changes in the water balance of the catchment over
time and examine the potential to increase agricultural production through improvements to soil fertility and
increased irrigation. We discuss broader implications on hydrological partitioning in terms of the potential
livelihoods benefits from water—supported resilient food production for both income and food security; on
water storage and availability; and the implications on water—related ecosystems functions and services.
As a preliminary conclusion, we see development in dryland areas shifting water availability both spatially
and temporally. Whilst these create local significant impacts, as yet, small or no significant impacts are
found at the basin scale. The challenge therefore remains how to secure the water functions for
environmental sustainability such as biodiversity habitat maintenance in the face of growing human
demands: can we develop co-benefits in heavily transformed landscapes in these environments?
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The Interplay between Human Population Dynamics and Flooding in
Bangladesh: A Spatial Analysis

G. Di Baldassarre', K. Yan', Md. Ruknul Ferdous', L. Brandimarte'

"UNESCO-IHE Institute for Water Education, Delft, The Netherlands
g.dibaldassarre@unesco-ihe.org

Abstract:

In Bangladesh, socio-economic and hydrological processes are both extremely dynamic and interrelated.
Human population patterns are often explained as a response, or adaptation strategy, to physical events,
e.g. flooding, salt-water intrusion, and erosion. Meanwhile, many physical processes are exacerbated, or
mitigated, by diverse human interventions, e.g. river diversion, levees, and polders. In this context, the
paper describes an attempt to explore the interplay between floods and societies in Bangladeshi
floodplains. In particular, we performed a spatially distributed analysis of the dynamic inter-link between the
occurrence of extreme flooding events and the patterns of (formal and informal) human settlements, over
the past 25 years. To this end, global datasets of population distribution data, such as the Gridded
Population of the World, and flooding simulation results from inundation modelling, LISFLOOD-FP, were
exploited. The outcomes of this work highlight the behavior of Bangladeshi floodplains as complex human-
water systems and indicate the need to go beyond (potentially simplistic) narratives based on one-way
cause-effects, e.g. climate change leading to migrations.

Understanding and improving water-society interactions under environmental
change in a digital world

C. J. A. Macleod'

"Information and Computational Sciences Group, James Hutton Institute, Aberdeen, UK
+44 (0) 1224 395157; email: kit. macleod@hutton.ac.uk

Abstract:

To be able to understand, predict and manage water-society interactions under environmental change,
there is a need to integrate the physical, social and digital aspects of catchment as integrative community
science learning platforms. Falkenmark highlighted over a decade ago that the greatest water problem was
the inability to link water, food and environmental security. This presentation will focus on providing a vision
supported by examples from my research on what is required to improve our understanding and managing
of cross-scale benefits and trade-offs between water and food security objectives. It is widely recognized
that systems based integrative research are required. Modellers have key roles to lead and facilitate
integrative research, as well as being technical experts. Facilitating understanding of problematic situations
requires awareness and experience of relevant techniques. | will provide examples that include structured
templates and soft systems methodology. Integrative research involves interdisciplinary teams of research
and non-research experts and necessitates an understanding of optimizing multi-level supportive conditions
for integrative research. Our ability to collect high temporal resolution data on multiple water variables is
providing new process insight into the interactions between water and food security from the field to
catchment scales. | will demonstrate this based on two research projects on temperate grassland systems
in the UK. To be able to understand and improve water-society interactions in the 21 century demands
utilizing digital technologies, including cyberinfastructure. Using the recent RCUK WikiRivers and
Environmental Virtual Observatory (pilot) projects, the importance of integrating natural, social and
computing science approaches to understand and improve water-society interactions will be demonstrated.
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Variability of irrigation water use in a data-scarce region of North India

J. O'Keeffe’, A. Mijic', N. Brozovi¢?, W. Buytaert'

Imperial College London
2University of lllinois
email: j.okeeffe12@imperial.ac.uk

Abstract:

The Green Revolution has transformed India from a famine-prone, drought-susceptible country into the
worlds’ third largest grain producer and one of the most intensively irrigated parts of the globe. This has
been encouraged by successive governments whose policies have provided subsidised energy, seeds and
fertilizer, and in many areas purchase guarantees for grain. This transformation however has had a
significant impact on water resources in the region and, while there is a reasonable understanding of larger-
scale regional effects, potential impacts of local variations in irrigation behaviour are not as well understood.
Local-level understanding is key to identifying areas of water stress and to determining sustainable water
use policies for the future. We analyse and present results from over 100 recently conducted farmer
interviews in the data-scarce districts of Jalaun and Sitapur on the Gangetic Plains of Uttar Pradesh.
Hotspots, where water resources are particularly at risk, are identified using variables such as volume and
timing of water applied, energy source and costs incurred. Outputs are visualised and mapped using
qualitative data analysis within a GIS framework. Large differences between districts emerge: for instance,
in the region of Jalaun the availability of cheap canal water has counterintuitively enabled farmers to invest
in more water-efficient technologies such as sprinklers, a practice not found in Sitapur, which depends
almost exclusively on groundwater. Results are used to delineate the spatial variability in water use
practices, along with farmer behaviour and decision making. Primary data are compared with socio-
economic information taken from regionally produced statistical abstracts. The combined data are used to
identify the main drivers that influence farmer decision-making, which is in turn leading to groundwater
overdraught in many parts of North India.

Optimal integrated management of groundwater resources and irrigated
agriculture in arid coastal regions

J. Grundmann’, N. Schiitze',V. Heck’

"Technische Universitét Dresden, Institute of Hydrology and Meteorology, Germany
Jens.Grundmann@tu-dresden.de, +49 351 46335556

Abstract:

Groundwater systems in arid coastal regions are particularly at risk due to limited potential for groundwater
replenishment and increasing water demand, caused by continuously growing population. For ensuring a sustainable
management of those regions, we developed a new simulation-based integrated water management system. The
management system unites process modelling with artificial intelligence tools and evolutionary optimisation techniques
for managing both water quality and water quantity of a strongly coupled groundwater-agriculture system. Due to the
large number of decision variables, a decomposition approach is applied to separate the original large optimisation
problem into smaller, independent optimisation problems which finally allow for faster and more reliable solutions. It
consists of an analytical inner optimisation loop to achieve a most profitable agricultural production for a given amount
of water and an outer simulation-based optimisation loop to find optimal groundwater abstraction pattern. Thereby, the
behaviour of farms is described by crop-water-production functions and the aquifer response, inclusive seawater
interface, is simulated by an artificial neural network. The methodology is applied exemplarily for the south Batinah
region/Oman, which is affected by saltwater intrusion into a coastal aquifer system due to excessive groundwater
withdrawal for irrigated agriculture. Due to contradicting objectives like profit-oriented agriculture vs. aquifer
sustainability, a multi-objective optimisation is performed which can provide sustainable solutions for water and
agricultural management over long-term periods at farm and regional scale in respect of water resources,
environment, and socio-economic development.
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Small watershed management as a tool of flood risk prevention

J. Jakubinsky'?, R. Bacova', E. Svobodova', V. Herber', P. Kubicek'

'Department of Geography, Faculty of Science, Masaryk University, Czech Republic
2Global Change Research Centre AS CR, v. V. i.
+420 601383196, jakubinsky.j@czechglobe.cz

Abstract:

According to the International Disaster Database (CRED 2009) frequency of extreme hydrological situations
on a global scale is increasing continually. The most typical example of a natural risk for Europe is a flood —
there is a decline in the number of victims, but a significant increase in economic damages. Decrease in the
number of victims is caused by the application of current hydrological management that focuses its
attention primarily on large rivers and elimination of the damages caused by major flood situations. The
growing economic losses, however, are a manifestation of the increasing intensity of floods on small
watercourses which are usually not sufficiently taken into account by the management approaches. The
research of small streams should focus both on the study of the watercourse itself, his ecomorphological
properties, and in particular the possibility of flood control measures and their effectiveness. An important
part of society’s access to sustainable development is also the evolution of knowledge about the river
landscape area that is perceived as a significant component of global environmental security and resilience,
thanks to its high compensatory potential for mitigation of environmental change. The findings discussed
under this contribution are based on data obtained during implementation of the project “GeoRISK” (Geo-
analysis of landscape level degradation and natural risks formation), which takes into account the above
approaches on the example of several model sites — catchments of small streams in different parts of the
Czech Republic. It is therefore the potential opportunities for practical application of field research
knowledge in decision making processes within the national level of current water management.

Remediated Urbanism. How to make an environmentally and socially
responsive waterfront through the minimization and remediation of
contaminated stormwater.

M. Bradbury*

*Unitec Institute of Technology, Auckland, New Zealand.
ph.+649 8494180 ex 7152 mob. +6421 424775 mbradbury@unitec.ac.nz

Abstract:

The consequences of increased urbanisation for deleterious hydrological outcomes, such as flooding and
the production of contaminated stormwater, are widely understood. The construction of the contemporary
waterfront is a well-recognised development trope that encapsulates these larger issues on one site. The
production of this particular exemplar of urban development is skewed toward the spectacle while
simultaneously anchored to a thirty-year-old real estate planning methodology. Contemporaneously with the
production of this template is the elision of a series of environmental problems; sometimes as part of the
existing site like contaminated soils, sometimes as the result of the construction process, like the increased
discharge of contaminated stormwater. This paper explored the development of an alternative-planning
regime that privileges the minimisation and remediation of stormwater. Using hydrological modeling
software the author explores through the construction and testing of a sub catchment based model the
hydrological consequences of a proposed waterfront development. In subsequent iterations the effect of
various minimization and remediation regimes are measured. The consequences of this modeling work are
explored in a series of speculative planning exercises where conventional Floor Area Ratio modeling of the
building programme is modified to allow for the expected commercial return while the ground plane is
reconfigured. The implications for new public space are explored, one in which the simulacra of traditional
urban space are exchanged for the benefits of ecological restoration and remediation.
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Socio-economic Effect on Socially Deprived Communities by Developing
Drinking Water Quality Problems in Arid and Semi-arid Area of Central
Rajasthan
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3Department of Chemistry, Banasthali University, Tonk, India.
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Abstract:

Rajasthan is well known for its Great Thar desert. Central Rajasthan has arid to semi-arid environmental.
The area faces either scarcity of water or poor quality of drinking water. In some area water is transported
from 2 km or more which consume time, energy and money. Rich people have their own sources which is
restricted for use to other. Such conditions are affecting socially deprived community both socially and
economically. Groundwater is major source of drinking water due to unavailability of surface water. There is
a lack of groundwater quality knowledge to the community and data available are hard to understand by
consumers. The CCME Water Quality Index is a tool to simplify water quality report by rating the water on
quality standards. It provides meaningful summaries of overall water quality and trends, which is accessible
to non-technical lay people. In the present study the objective is to examine the groundwater quality of 6
districts (viz. Ajmer, Bhilwara, Pali, Rajasamand, Nagaur and Jodhpur), centrally located to Rajasthan with
arid and semi-arid conditions. CCME WQI is also evaluated to produce quality data in a form to be
understood by community. 4369 groundwater source of 1680 villages from 6 districts (76,546 Km?Z) are
collected and examined. Results are framed in Bureau of Indian Standards (BIS: 10500, 2012) and 2952
sources are unsafe for drinking. According to CCME WQI groundwater of 93 villages is poor, 343 villages
are marginal and 369 villages are fair in quality. Toxicological studies of unsafe drinking water and their
remedial measures are also discussed. A tentative correlation between prevailing water-borne diseases and
quality parameter has also been shown.

Water Resources Management: A Traditional Technology and Communities
are parts of Solution

J. Hussain*, I. Husain?, M. Arif*

'Central Groundwater Board, NW Region, Ministry of Water resources, Chandigarh — 19 India
*Public Health Engineering Department, Rajasthan, Bhilwara — 311001 India
+91 9212585172 drjakirhussain@gmail.com

Abstract:

The state of Rajasthan, the largest State of the country has also one of the most critical status of water.
Rajasthan with more than 10.4 % of the country’s geographical area, supporting more than 5.5% of the
human population & 18.70 % of the livestock has only 1.16 % of the total surface water available in the
country. 2/3rd part of the State is a part of the Great Thar Desert and out of the total 142 desert blocks in
the country, 85 blocks are in the State of Rajasthan. The per capita annual water availability in the State is
about 780 cubic meter (Cum) against minimum requirement of 1000 Cum. It is feared that the availability
would fall below 450 cum by the year 2050. Thus increasing population coupled with erratic rainfall further
aggravates the water crisis.

This has been amply demonstrated by the successful experience of local communities in Alwar District in
Rajasthan. It is possible to harvest and augment water resources through the construction of small water
harvesting structures called Johads and the implementation of local water governance. Since 1985, 8,600
Johads have been built in 1,086 villages. This has resulted in the rise in water levels in the shallow aquifer,
increase in the area under single and double crops, increase in forest cover and drinking water supply
security. The water collected in a Johad during monsoon penetrates into the sub-soil. This recharges the
ground water and improves the soil moisture in vast areas. The water in the Johad can be used directly for
irrigation, drinking water by animals, and other domestic purposes. The other advantage of this structure is
that it checks soil erosion, mitigates floods, and ensures water availability in wells or boreholes used for
drinking water supply, even for several successive drought years. Also, during the dry season when the
water gradually recedes in the Johad, the land inside the Johad itself becomes available for cultivation.
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A probabilistic model for predicting seasonal rainfall in semi-arid
lands of Northeast Brazil

B. B. da Silva, C. C. Braga, S. M. G. L. Montenegro?, V. P. R. da Silva?,
L. M. M. de Oliveira', F. A. S. de Sousa

'Federal University of Pernambuco
2Federal University of Campina Grande
Phone: (55) 81-3204-1281 / 83-8826-2000, E-mail: bbdasilva.ufpe@gmail.com

Abstract:

For most part of the Northeast region, Brazil, rainfall is relatively low, presenting significant inter-annual
fluctuations, especially when compared to rainfall in other areas of Brazil. Moreover, evaporative rates, as
the ones found in the Northeast semiarid are too high, reaching sometimes 2,800 mm annually. Owing to
such a climatic character, very large areas in Northeast Brazil are subjected to recurrent droughts. This
paper presents a methodology based on a model proposed by Silva for the prediction of seasonal rainfall in
semiarid lands of Northeast region of Brazil. Seventy-two rain-gauge stations were employed, all of them
distributed in three mesoregions of the study area. A rainy season (RS) with different subdivisions was
established for each mesoregion. The Zi proportions - the ratio between the cumulative rainfall of the first
RS period (Xi) and the rain that fell during the whole RS - were made to fit the Beta probabilistic model used
for calculating the first and fourth quintis and the probability of rainfall above the climatologic average for
the RS second period (Yi). The performance of the prognostic model for the period 1996 -2000 was
evaluated.

In the period 1996 to 200 O, with rainfall above Yi average, the margin of error was less than 20%, except
for the RS8 in 2000. In 1998 - a very dry year - the margin of error was over 20 %; this for the prognostic
of a minimal total rainfall. The methodology adopted proved very accurate for forecasting droughts in
Northeast of Brazil.

Water, a limiting factor for economic development in the Kandi region of
Jammu, India: novel way to mitigate the problem for food security

U. C. Sharma', V. Sharma?

"Centre for Natural Resources Management, Jammu 180012, India
(Telephone: +91-191-2472044; E.mail: ucsharma2@rediffmail.com)
2SK University of Agricultural Sciences & Technology, Chatha, Jammu 180009, Jammu, India

Abstract:

The Kandi region of Jammu is characterized by low mean annual precipitation values and water scarcity.
The whole region is affected by droughts, lasting for 1 to 4 years with a return period of 2 to 3 years, on
average. The consequences are economic losses, environmental degradation, desertification, soil
impoverishment and social disorder. The region could not develop economically, water scarcity being one of
the major factors. A field study was conducted to exploit existing soil moisture, for enhancement and
conservation. After the rainy season, the soil moisture drops to about 4 to 6% during November, the time for
sowing of winter crops. Indigenous plough, which does not inverts the soil but simply loosen it, was used for
breaking the capillary movement of water and, thus, considerably reducing the soil moisture loss due to
evaporation. The field was ploughed early in the morning, 2 to 3 hours before the sun-rise, keeping the
furrows open to imbibe dew water. The soil furrows were closed properly before the sun-rise by a heavy
leveller to avoid loss of soil moisture through evaporation. The ploughing operation was done 5 to 6 times
during October for retaining sufficient moisture and improving physical condition of the soil for optimum
germination of crop seeds. The study showed that at least 5 ploughings are necessary during October for
optimum soil moisture conducive for seed germination. The soil moisture increase varied from 3% to 16%
with the number of ploughings from 1 to 5, before sowing. The seed germination was above 90% at soil
moisture of 16% and above; whereas the germination per cent was much below at lower ploughing rates.
Optimum crop stand ensured two to three times higher crop yields compared to the yields obtained from
plots where the ploughings were done only 2 to 3 times.
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Water use and Sustainable Social-economic Development of Yulin city in
Northwest China

W. Xiao-Jun'2?, Z. Jian-yun'?, S. Shamsuddin®*, G. En-Hong?®, G. Juan®, H. Rui-Min'?2, Y. Yu-Qiu®

'State Key Lab. of Hydrol.-Water Resour. and Hydraul. Eng., Nanjing Hydraul. Res. Inst.
2Research Center for Climate Change, Ministry of Water Resources, Nanjing, China
3State Key Lab. of Water Env. Simulation, School of Env., Beijing Normal Univ., Bejing

“Faculty of Civil Engineering, Universiti Teknologi Malaysia, Johor Bahru 81310, Malaysia
*Department of water resources, Ministry of Water Resources, Beijing, China
mail: xiwang@nhri.cn

Abstract:

Understanding the nexus between water resources and economic development is very important to forecast
future water demand as well as to manage water resources. A model has been proposed in this article to
calculate economic elasticity of water use. The model has been applied in the Yulin city of China to assess
the changes of water use in the city with economic development. The results show that the average
economic elasticity of water use in Yulin city is 0.196. The study reveals that water use and economic
elasticity of water in Yulin have declined over the time period 1990-2005 due to industrial structural
adjustment and the introduction of innovative technologies and management. This indicates water demand
management through optimization of industrial structure and water-saving technologies can improve water
supply-demand balance to ensure continuous water supply growing economy for a long term.

Evaluation of the best fit distribution for partial duration series of daily rainfall
in Madinah, West of Saudi Arabia

E. Alahmadi'?, N. A. Rahman'® and M. A. Razak®

"Department of Hydraulic and Hydrology, Faculty of Civil Engineering, Universiti Teknologi Malaysia,
Skudai Campus, 81310 Johor BahruJohor, Malaysia
2Madinah Water Directorates,Madinah, Kingdom of Saudi Arabia
SDepartment of Civil Engineering, College of Engineering, Taibah University, Madinah, Kingdom of Saudi Arabia
mail: f3@dr.com

Abstract:

Rainfall frequency analysis is still essential tools for most water related infrastructure design. It can be used to predict
the frequency and magnitude of future rainfall events. This study involves with the rainfall analysis using partial
duration series (PDS) in arid region at Madinah area, West of Saudi Arabia. The different statistical distribution tests
will be used (i.e. Normal, Log Normal, Gumbel, Generalized Extreme Value, Pearson Type lll, Log Pearson Type IlI)
and the parameter of these distributions were estimated using L-moments methods for selection of the best fit
statistical distribution. Also, different model selection criteria are applied such as Akaike Information Criterion (AIC)
Corrected Akaike Information Criterion (AlCc), Bayesian Information Criterion (BIC) andAnderson-Darling Criterion
(ADC). The results showed that the advantage of Generalized Extreme Value for Madinah partial duration daily rainfall
series as the best fit statistical distribution for Madinah Daily rainfall.
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On the use of DPSIR model to two basins in the Northern of Algeria. Socio-
economic pressions

A. Hani', S. Chouchane?, B. Sakaa', L. Djabri’, H. Chaffai’

' Laboratoire Ressource en Eau et Développement Durable. Université Badji Mokhtar Annaba, Algeria
2 Laboratoire d’Ingénierie des Surfaces, Badji Mokhtar Annaba University, Algeria
E-mail: haniazzedine@hotmail.com

Abstract:

This research has an objective to determine the effective variables in socioeconomic category of Integrated
Water Resources Management for Saf-Saf and Seybouse basins characterized by fast growing demand of
urban and rural populations and the demand of economic sectors including industry and agriculture. In this
paper, the artificial neural network models were used to model and predict the relationship between water
resources mobilization and socioeconomic variables. The results indicate that the feed-forward multilayer
perceptron models with back-propagation are useful tools to define and prioritize the most effective variable
on water resources mobilization and use. The model evaluation shows that the correlation coefficients are
more than 94 % for training, verification, and testing data. The model aims to link the water resources
mobilization and driving forces variables with the objective to strengthen the Integrated Water Resources
Management approach.

Effects of minor drainage networks on flood hazard evaluation

A. Domeneghetti’

School of Civil, Chemical, Environmental and Materials Engineering,
DICAM, University of Bologna, Bologna, Italy;
+39 051 2093355, alessio.domeneghetti@unibo.it

Abstract:

Scientific literature reports a plethora of numerical tools of different complexity (e.g. 1D, 2D raster-based or
full 2D models) for flood hazard and flood risk evaluation. The correct identification of the appropriate model
still represents a key aspect in the overall flood hazard process even though the potentialities of these
modelling instruments are emphasized by the availability of high computational resources and by the
amount of high-resolution topographic data provided by recent survey techniques. In this context the
present analysis investigates the effects of minor drainage networks on the estimation of flood hazard in a
flood-prone area along the Enza river, close to the village of Sorbolo a Levante (RE, Northern lItaly). By
means of a full 2D hydraulic model (Telemac-2D), the effects of the drainage system is analyzed using
three unstructured meshes with different degrees of complexity: 1) the minor drainage system allows the
possibility to convey water outside the study area (REF); 2) the drainage system is reproduced only in
terms of preferential flow-paths (REF-noFlow); 3) the drainage network is completely neglected (REF-
noDN). The analysis points out that the maximum flood extent seems not to be influenced by the mesh
schematization while water depths and the total volume are significantly related to the model
schematization. Even if this analysis refers to a specific case study and further investigations are needed, it
shows the fundamental role of the drainage network in controlling water depth distribution and the duration
of the inundation, which should be accurately reproduced by numerical models.
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Panta Rhei: an evolving scientific decade with a focus on water systems
A. Montanari', S. Ceola’, E. Baratti’

'Department of Civil, Chemical, Environmental and Materials Engineering, University of Bologna, Via del
Risorgimento 2, I-40136 Bologna, Italy
+39 051 2093356, alberto.montanari@unibo.it

Abstract:

The paper presents an overview of the activity of Panta Rhei, the research decade launched in 2013 by the
International Association of Hydrological Sciences. After one year of activity Panta Rhei already stimulated
several initiatives and a worldwide involvement of researchers in hydrology and sister disciplines. Providing
an overview of the status of Panta Rhei is essential to further promote the participation of scientists and the
completion of its structure, that is currently being shaped by receiving Research Themes and Working
Groups proposals from the community.

Understanding the dynamics of an agricultural community under water stress:
The socio-hydrological system of the Ancient Maya

L. Kuil', A. Viglione'?, A. Fiirnkranz-Prskawetz®, G. Bléschl'?

Centre for Water Resource Systems (CWRS), Vienna University of Technology, Austria
2Institute of Hydraulic Engineering and Water Resources Management, Vienna University of Technology,
Austria
3Institute of Mathematical Methods in Economics, Vienna University of Technology, Vienna, Austria;
Vienna Institute of Demography, Austrian Academy of Sciences, Vienna, Austria
+43-1-58801-40667, kuil@waterresources.at

Abstract:

Fine-tuning their way of life to the local environment has allowed many societies to rise over the course of
history. Despite (or maybe due to) this highly specialized behavior, these societies have still been
vulnerable and many of them have disappeared. One example are the ancient Maya who occupied the
Maya Lowlands (parts of present day Mexico, Guatemala, Belize) from around 2000 BC to AD 800.
Although many hypotheses exist on why the Maya Lowlands became depopulated in a relatively short
period of time, the role of climate, especially the occurrence of several droughts, is increasingly
acknowledged. This study aims to provide insight in the processes that occurred during the rise and fall of
the Maya civilization through socio-hydrologic modeling. This is done through the application of a general,
stylized model, built within the spirit of the Easter Island model by Brandner and Taylor. The model aims to
capture the interactions between the hydrological and social system that give rise to the long-term
dynamics. Advancement of technology employed in a smart way by the elite has allowed the Maya society
to grow until unprecedented city states. At the same time, they approached the limits of the local carrying
capacity, especially in the face of climate variability.
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An assessment of future surface water levels of the Lake Chad and
consequences on livelihoods

M. B. Ngamdu
mbngamdu@gmail.com

Abstract:

The Lake Chad has once been on the largest Lakes in the world but has undergone a drastic reduction in
size to less than one tenth of its original size as a result of climate variability and anthropogenic activities.
The ultimate aim of this study is to assess the future surface water levels in the lake chad with respect to
projected climate, specifically rainfall, river discharge and the impacts on the livelihoods . The assessment
is based on precipitation model data of the IPCC’s AR4 simulations and two EUWATCH project model data
sets of discharge and Lake Chad surface storage. The results of the predictions indicate that there will
mixture of increase and decrease in precipitation, river discharge and surface water level of the Lake Chad
by 2050 but majority reveals reduction rate which will increase the impact on the basins livelihood
defendants. This reduction is expected to negatively affect the livelihoods of the dependent communities
thus, in the end, policy options are proposed to lessen this situation.

Does the Demand Responsive Approach (DRA) in Ghana’s rural water delivery
ensure improved functionality and equitability in a sustainable manner?

D. D. Sedegah’

'Institute of Statistical Social and Economic Research
University of Ghana, Legon — Ghana
dsedegah@gmail.com

Abstract:

A concern on adaptation to environmental change puts greater emphasis on the need to address water
source sustainability. Demand Responsive Approach (DRA), adopted as a national policy for rural water
delivery in Ghana is an attempt, within a decentralized programme to improve the efficiency of service
supply and also to make users take key decisions about the service they want and are willing and able to
pay for (Wedgwood, 2005). It was developed after the failure of supply-led approaches to increase
sustainable water coverage (Wright, 1997). Currently, the DRA has become a cornerstone of government
and donor water supply policies throughout the world. DRA is crucially referred to in Funding proposals,
Country Action Plans and Implementation Manuals, and it is hard to find funding agencies that do not claim
to be implementing DRA-based projects in developing countries (Breslin, 2005). The idea behind DRA is
that, it ensures transparency and accountability and in the long term achieve sustainability since
beneficiaries feel a sense of ownership towards the project. Sara and Katz (1998) reinforce the assumption
that DRA significantly increases the sustainability of water supply projects. In the Shai — Osudoku District of
Ghana, a purposive sampling method used in examining 200 households in four communities revealed that
DRA based facilities adequately met their water requirements. Financial management which is crucial for
the continuous functioning of the water facilities is a major setback. The approach does not address equity
concerns thereby inhibiting those who cannot genuinely afford. The study recommends periodic financial
management training to beneficiary communities for assured sustainability and also makes provision for the
economically deprived.
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Impact of human activities on groundwater quality
Case of Tebessa area; NE Algeria
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Abstract:

Groundwater is exposed, more and more intensively, to deliberate discharges of polluting effluents, sewage
or storm water runoff in urban areas. Near cities, the sources of groundwater contamination are numerous
and are related to many urban activities. The urban water is a source of contamination of groundwater by
their concentration in organic and inorganic constituents. However, their origins can be complex and include
stormwater, wastewater leakage networks. Leachates of municipal waste, septic tank are considered as
sources of contamination and carry pollutants that have major environmental impacts on water resources
available.

In the Oued EIl Kebir basin in Tebessa, increased industrial and agricultural activities, and the alternative
by-products of production or post-consumer waste, make groundwater resources vulnerable. The plan
changes leading to changes in groundwater levels by pumping in urban areas can also lead to
contamination of interconnected flows. The impact may be a hydrological from substantial exploitation of
the resource has an action on the hydrodynamic behavior of the aquifer.

In this perspective, we try to examine the state of the groundwater resources of Tebessa plain, the last cut
by the Oued EI Kebir, which drains the wastewater from the entire urban area of the city and which location
can contaminate groundwater.

Vulnerability assessment from SINTACS DRASTIC methods: The case of
phreatic aquifer Bazer GueltZerga (North East Algerian)

H.Bendadouche', K.Khemmoudj', S.Merabet'

"University of Bejaia, Civil Engineering Department, Algeria
Tel: 00213773470467, bendadouche@yahoo.fr

Abstract:

Groundwater is an important resource exploited for human consumption and for use in agricultural and
industrial areas. These waters are often threatened by contamination by pollutants of various kinds:
biological, chemical or physical. Prevention against groundwater pollution is an important step to which
scientists agree more effort, particularly by studying the vulnerability of groundwater. The term vulnerability
to pollution of an aquifer is defined as its inherent susceptibility to changes in the quality and quantity of
groundwater in space and in time, because of the natural process and / or the anthropogenic activity. Bazer
- GueltZerga the region has experienced considerable growth in agriculture, urban and industrial. This has
increased the need for drinking water, irrigation and industry on the one hand and on the other hand, the
water resources of the shallow aquifer that have been overexploited and polluted. This work was done in
order to create maps of vulnerability to pollution by inorganic pollutants using the following parametric
methods: the standard and the DRASTIC method SINTACS and assessment of vulnerability to pollution
resources aquifer water surface area Bazer - Gelt Zerga.
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Evaluation of Quantitative Precipitation Criterion (QPC) derivation for
mountainous flash flood

D. H. Bae', S. K. Moon?, M. H. Lee'

"Dept. of Civil & Environ. Engineering, Sejong University
2Rural Research Institute, Korea Rural Community Corporation
Phone: 82-2-3408-3814, email: dhbae@sejong.ac.kr

Abstract:

The damages from flash flood caused by torrential rains have increased in the world. Korea is also no
exception from the damages. One of the typical remedies to reduce the damages is to develop a flash flood
warning system. Because of complexity of the calculation process, it is difficult to secure the time for
evacuation from the flood. In this study, we propose a method to derive the Quantitative Precipitation
Criterion (QPC) for judging the mountainous flash flood. For the QPC derivation, geophysical and
hydrological data for headwater basins in the mountainous regions are extracted. And then, Threshold
Runoff (TR) and Flash Flood Guidance (FFG) are computed for the past historical rainfall events that cause
flash flood in the mountainous regions. The ROC (Receiver Operating Characteristic) analysis is followed
for finding QPC that represents the virtual rainfall providing the maximum value of ROC scores. The FFG,
observed mean areal precipitation (MAP) and virtual rainfall (VR) with 1 mm increment are used for the
computation of ROC scores. Finally, the QPCs are derived as a function of basin area and the relationship
between precipitation and basin area (called P-A curve) is derived. The characteristics of P-A curve reveal
that 42mm/hr rainfall is the threshold value for less than 40km2 watershed area and 32mm/hr rainfall is the
value for 40~100km2 watershed area. To validate the adaptability of developed P-A curve, the observed
rainfall data was used. This study is worth developing the quantitative criterion of flash floods in
mountainous region.

Evaluation of urban flash flood forecast using flow nomograph & radar rainfall

J.B. Kim', D. H. Bae', S. S. Yoon?

"Dept. of Civil & Environ. Engineering, Sejong University
2Center for Atmospheric Science & Earthquake Research
Phone: 82-2-3408-3337, email: morningdewjb@sejong.ac.kr

Abstract:

There has been developed many structural and non-structural measures to reduce the urban flood and
flash flood damages. However, the damages from the flood caused by torrential rains have steadily
increased due to the impacts of abnormal weather and urbanization. The enhancement of flood warning
system and the use of high-resolution radar rainfall estimates are crucial for reducing the damages. Another
essential point for the urban flash flood forecasting system is to secure the forecast lead time. The
development of flow nomograph and its radar rainfall application can be a solution to overcome this
problem. In this study, we will evaluate the urban flash flood forecasting model that composed of flow
nomograph and radar rainfall estimates at the Cheonggye stream in Seoul, Korea. The Cheonggye stream
is famous area for an urban restoration project in the world. Flow nomograph is a chart that represents
various rainfall conditions (rainfall intensity and duration) causing flood at certain location of the river basin.
To evaluate the applicability of radar rainfall in flow nomograph, the rainfalls are estimated from radar
reflectivity data using Z-R relationship and adjusted the estimates using bias adjustment methods for
improvement of the rainfall estimate accuracy. To validate the adaptability for the developed flow
nomograph at various stations in the Cheonggye stream, the 10 rainfall events are selected and
corresponding actual observed water level data are collected in this study. We concluded that the use of
flow nomograph and radar rainfall estimate for the urban flash flood forecast is feasible in this study area.
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Analysis of drought characteristics using the bivariate joint drought index

J. M. So', K. H. Sohn', D. H. Bae'
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Abstract:

Drought is one of the serious natural disasters along with the flood, which occurs in 2-3 year cycle in South
Korea. The characteristics of drought are widespread and gradually developing. It is difficult to investigate
the occurrence time, scale, scope of drought. Many researchers have quantitatively analyzed drought
characteristics using the drought index. Drought index is an important factor for determining the
characteristics of drought. However, there is a problem that has a different criteria and analysis methods.
Furthermore, most of drought indices using the hydro and meteorological information do not properly
represent the characteristics of drought in the particular region. In order to clearly show the characteristics
of drought, it is necessary to use drought index considering two or more variables rather than the single
variable. In this study, duration and severity of drought were calculated using bivariate joint drought index
based on precipitation and soil moisture. After that, the bivariate frequency analysis considering severity
and duration of drought was performed. The analysis of the regional drought characteristics at 59 weather
observation stations in Korea was performed. The return period was calculated considering severity and
duration. In addition, the quantitative return period obtained from this bivariate joint drought index was
presented for the past observed drought event in Korea, as compared to the results of frequency analysis of
the existing drought index (precipitation, soil moisture).

Do subtle eco-hydrological human abilities have a place
in water resources planning?

J. G. Ndiritu, R. Suleman’

School of Civil and Environmental Engineering, University of the Witwatersrand, Private Bag,
3 WITS, 2050, South Africa.
Phone: +27 011 717 7134, email: John.Ndiritu@wits.ac.za

Abstract:

There is evidence, though contentious that human thought impacts on other living organisms and also
inanimate matter and in particular water. Carefully controlled experiments have shown how human thought
can alter the PH of water by up to one unit. Double blind experiments have shown how the pattern of the ice
crystals from water is significantly influenced by thoughts of specific kinds directed to the water from long
distances. Several experiments also reveal that thought impacts significantly on the seed germination. A
recent study by the authors found directed thought on lettuce seeds and the water used to germinate them
to increase the length of the seedlings by an average of 15.6% (p = 3x107%). Applying directed thought on
water only led to a 7.5% increase in average seedling length (p = 0.0167) providing evidence of the effect of
directed thought on water. Practically, thousands of farmers in rural India have adopted a combination of
organic farming and the use of directed thought and as a healthier, more sustainable and better socio-
economic alternative to chemical fertilizer-based farming. This paper reviews eco-hydrological human
abilities and then describes the lettuce seed germination study carried out by the authors. The potential of
these eco-hydrological human abilities to water resources planning and management is then discussed.
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Water Risks Assessment in China Based on the Improved Water Risk Filter
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Abstract:

It has been a big issue for all levels of government and different economic sectors all over the world to find
an effective way to deal with the water crisis and the relationship between water and development.
Scientifically understanding water risk is the base for accomplishing the scientific relationship between
water and development, and water risk assessment has currently been one of the focuses for researchers
from various countries. To effectively deal with the global water crisis, World Wide Fund for Nature and
German Investment and Development Company Limited proposed the concept of water risk and released
an online water risk assessment tool Water Risk Filter in March 2012, which has been applied to at least 85
countries in the world. To comprehensively and accurately reflect the situation of water risk in China, this
study adjusts the water risk assessment indicators in Water Risk Filter, taking the actual situation in China
as well as the difficulty in obtaining the information of the indicators into account, and puts forward an index
system of water risk evaluation for China which consists of physical risk, regulatory risk and reputational
risk. The improved water risk filter is further used to assess the sources and causes of the water risks in 10
water resource areas (WRAs). The results indicate that, the water risk for the whole country is generally
medium and low, while those for different regions in the country vary greatly and those for southern regions
are generally lower than those for northern regions, government regulatory and policy implementation as
well as media supervision in northern regions should be strengthened to reduce the water risk. The
research results may provide decision supports and references for both governments and industrial
enterprises in identifying water risks, formulating prevention and control policies and improving water
resources management in the country.

Water Risk Evaluation of River Basin in China Based on WWF Water Risk
Assessment Tools

N. Wei', Y. Qiu*, H. Gan?, C. Niu?, J. Liu?, Y. Gan®, N. Zou*

'State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water
Resources and Hydropower Research, 1 Yu-Yuan-Tan South Road, Beijing 100038, China
Tel: 15810846328, e-mail: 844787598@qg.com

Abstract:

Water resource problems, as one of the most important environmental and social economy issues, has
been a common concern for the whole world in recent years. Water resource risk is attracting more and
more attention of the international community and the government of each nation. Given the current
situations of water resources and water environment, and the characteristics of water resources
management and information statistics in China, the paper establishes the evaluation index system of water
risk for river basin based on the evaluation index system of water risk raised by World Wide Fund For
Nature (WWF) and the Germen Investment and Development Co., Ltd (DEG), which is more suitable for
Chinese national condition and confirms with international evaluation index. A variety of factors are
considered to determine the critical values of classification for each index, and the indexes are graded by
means of 5-grade and 5-score scale, some indexes are readjusted with the remaining indexes adopting the
weights given by WWF. The Weighted Comprehensive Index Summation Process is adopted to calculate
the integrated evaluation score of river basin with the improvement of calculation methods for some
indexes. The smaller the calculation result is, the smaller the degree of water risk is; vice versa. Finally, the
paper discusses the existing problems in the course of water risk evaluation and points out the research
trends so as to provide reference for further study on this field.
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Predicting Human - Hydrologic Interactions
D. P. Loucks'

"Cornell University, School of Civil and Environmental Engineering
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Abstract:

Anyone associated with hydrology and water resources engineering, planning and management knows how
humans can alter existing hydrologic states or systems in their attempts to solve problems involving their
water supplies and the risks associated with too much, too little or too polluted water. Both structural (hard)
and non-structural (soft) approaches have been developed and used to increase the quantity and quality of
our supplies, as well as their reliability, and to decrease their vulnerability and cost. Options for how
humans can impact hydrology are clear, and libraries of books and Google-accessible files are witnesses to
this. But what about the interaction in the other direction: the hydrologic-human interaction? Of the infinite
possibilities available, can we predict what actions humans and their institutions will take, if any, in their
attempts to improve the state of their water systems? Human responses to water problems are inevitably
influenced by many drivers or factors, only some of which are directly related to water. Predicting this
human/social behavior is the topic of this talk. = Case examples illustrate just how unpredictable such
predictions can be.

Shortage and surplus of water in the socio-hydrological context

A. Schumann’, D. Nijssen'

'Ruhr- University Bochum, Institute for Hydrology and Water Management
+49 234 3224693, andreas.schumann@rub.de

Abstract:

The adjustment of the spatial and temporal distribution of water to human needs demands interventions into the
hydrological conditions. In the last decades it became obvious, that the increase of human requirements to prevent
harmful consequences of water shortage and water surplus disagrees more and more with our limited knowledge
about the natural variability and the cumulative effects of these interventions. Our technical capacities to modify the
hydrological conditions seems to be more developed than our capabilities

to assess and forecast the results of human impacts, their cumulative effects and - most important - the limitations to
adapt the hydrological conditions to human needs. Balancing the temporal variability of hydrological conditions in long
and short term is often essential for steady socio-economic conditions. Nevertheless this equilibrium is very fragile in
many cases. Hydrological changes or socio-economic changes may destroy it in short time. If we extend the bearing
capacity of socio-hydrological systems we increase in many cases the harmful consequences of failures. Here two
case studies are discussed to illustrate these problems. The limited success to adapt water resources to increasing
human requirements without consideration of the natural bearing capacities will be discussed at the example of water
use for irrigation in North-Eastern China. The demand for a new planning approach which is based on a combination
of monitoring, model-based impact assessments and spatial distributed planning is demonstrated. The problems of
water surplus which becomes evident during floods will be discussed in a second case study. It is shown how the gap
between the social requirements for flood prevention and the limited technical capacities to avoid flood damages is
widening. Here an increase of risk-awareness would be more sustainable than the promises of flood protection which
forms the base for technical measures to affect floods and (or) to prevent flood damages.
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On conceptual models describing the interactions
between hydro-techno-socio systems

P.van der Zaag"?

"UNESCO-IHE Institute for Water Education, Delft, The Netherlands
2 Water Resources section, Delft University of Technology, Delft, The Netherlands
phone: +31 15 215 1829; e-mail: p.vanderzaag@unesco-ihe.or:

Abstract

Engineers and natural scientists are increasingly becoming aware of, and interested in, the manner in which
society interacts with the water system, has modified the hydrological cycle but even has influenced the
research agendas of engineering and hydrology. Society permeates into the knowledge base of engineering
and hydrological science. In a strikingly similar way, social scientists — including social geographers,
sociologists, political scientists and philosophers of science — are increasingly interested in the biases in
science and engineering and how this has shaped and informed policies, plans and interventions, but also
the way we think about the role of nature in society and the role of society in nature. In trying to make sense
of the dynamic interactions that exist between ecological systems, technical systems and social systems
there is need for appropriate concepts that can adequately capture these interactions. However, the manner
in which most, if not all, scientists define, observe and analyse phenomena is heavily influenced by the
particular disciplines in which they were trained. To my knowledge there is no pan-academic discipline that
transcends the individual disciplines and can propose meta-disciplinary concepts that connect phenomena
of different natures in an even-handed, symmetrical, way, and that do justice to the different dimensions
involved. Existing conceptual frameworks that aim to analyse the dynamics between socio-ecological and
socio-technical systems may only be partially able to describe these interactions, since they tend to
privilege the discipline that was taken as the point of departure. This paper aims to compare a number of
existing frameworks developed by different disciplines in order to learn from their respective conceptual
strengths, with a view to find ways of developing a truly meta-disciplinary conceptual model that can
capture the multidimensional feedbacks and feed-forwards in hydro-techno-socio systems.

Leadership enhancement of CBOs and their role in water sector capacity
development in rural areas in Palestine

S.A. S. Samhan'

"Palestinian Hydrology Group
Phone: +972 599 255 889, Email: samhan@phg.org, samhansas@gmail.com

Abstract:

In the Palestinian context, Community Based Organizations (CBOs) are normally exist in the Palestinian
communities. Vary in terms of types and missions, most of them are legally registered under the umbrella of
Palestinian authority’s law and system. CBOs are normally small in capacity, and offer services at local
level. However, they offer different services that complement Palestinian Authority and Non-governmental
organizations development efforts which mainly directed to rural communities as well as to improve living
conditions for the poor. Most of CBOs are facing constrains preventing them from being able to offer
services at a sustainable approach. Particularly, their participation in improvement of water accessibility and
their role in resources management are limited; it is a reality that 11% of the Palestinian communities are
not connected to Water supply networks, even for those whom are accessed, supplied water isn’t enough to
fulfill their basic needs, due to Israelis' overall control on water resources, in addition to the obstacles that
usually imposed on the water sector and community development as well as lack of support and skills.
Upgrading and development of the CBOs visions and missions; empowerment; improvement of staff’s skills;
enhancing of networking with local and external organizations are considered sustainable and coping
strategies for CBOs upgrading, empowerment and development. These strategies will result in overall
improvement upon their service delivery in terms of standards, quality and quantity, that will be considered
as a complement and a sustainable approach, which absolutely will help those CBOs to be independent in
offering better services to their communities and participate significantly in improvement of water sector and
service delivery as well as reaching integrated rural sustainable development in Palestine.
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Dealing with variability in water availability: the case of the Verde Grande river
basin, Brazil

B. Collischonn’, A. V. Lopes’, A. R. Pante’

"National Water Agency, Setor Policial, area 5, quadra 3, bloco L — Brasilia (DF) - Brazil
(55) 61 21095249 — bruno.collischonn@ana.gov.br

Abstract:

This paper presents a water resources management strategy developed by the Brazilian National Water
Agency to cope with the conflict between water users in the Verde Grande river basin, located at the
Southern border of the Brazilian semi-arid region. The basin is dominated by water-demanding fruit
irrigation agriculture which has grown significantly and without adequate water use control over the last 30
years. The current water demand for irrigation exceeds water availability (understood as a 95% percentile of
the flow duration curve) in a ratio of three to one, meaning that downstream water users are experiencing
more frequent water shortages than upstream ones. The management strategy implemented in 2008 has
the objective of equalizing risk for all water users and consists of a set of rules designed to restrict water
withdrawals according to current river water level (an indicative of water availability) and the size of water
demand. Under that rule, larger farmers have proportionally larger reductions in water use, preserving small
subsistence irrigators. Moreover, dry season river streamflow is forecasted at strategic points by end of
every rainy season, providing evaluation of shortage risk. Thus, water users are informed about the
forecasts and corresponding restrictions well in advance, allowing for anticipated planning of irrigated areas
and practices. In order to enforce restriction rules, water meters were installed in all larger water users and
inefficient farmers were obligated to improve their irrigation systems’ performance. Finally, increases in
irrigated area are allowed only in the case of annual crops and during months of higher water availability
(november to june). The strategy differs from convectional approached based only on water use priority and
has been successful in dealing with natural variability of water availability, allowing more water to be used in
good years and managing risk in an isonomic manner during dry years.

Water footprints and hydrology: deformation or information?

C. Perry'

"Independent Consultant, 17, Storey Court, St John's Wood Road, London NW8 8QX
email: chrisjperry@mac.com

Abstract:

Water footprinting, either as a stand alone concept, or as part of life cycle assessment, is widely advocated
as a means to inform society about issues of water scarcity. However, the commonly adopted procedures
proposed for computing footprints, as set out by the Water Footprint Network, are seriously flawed. The
actual footprint of a rainfed crop is often negative when compared to the natural vegetation in replaces. For
irrigated crops, the total footprint is typically overestimated because even when yields are relatively low,
crop water consumption is computed on the basis of potential rather than actual use. For crops grown on a
combination of rainfall and irrigation, impacts are uncertain: annually, the impact of agriculture may increase
water availability elsewhere in the system in one season while decreasing it in another season. Hydrology
offers a scientific alternative to the over-simplistic approaches adopted by advocates of water footprints.
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Climate change impact on flood hazard

M. Brilly!, K. Kavéig!, M. Sraj', S. Rusjan’, A. Vidmar'

"University of Ljubljana, Facultz of Civiland Geodetic engineering
+386 1 425 33 24 mbrilly@fgg.uni-lj.si

Abstract:

Climate changes have a high impact on river discharges and therefore on floods. There are a few different
ways we can use to predict discharge changes in future. In this paper we used the complex HBV model for
Vipava River and simple correlation between discharge and precipitation data for So¢a River. The discharge
prediction based on the E-OBS precipitation data for three future time periods (2011-2040, 2041-2070 and
2071-2100). Estimated discharges for those three future periods are presented for both rivers. But there is a
specific situation on their confluence where two rivers with different heartlands unite which requires an
additional probability analysis.
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Water resources:
Monitoring, integrated assessment and management
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Utility of the Priestley-Taylor expression in estimating actual
evapotranspiration from satellite Landsat ETM + data

A. Khaldi*, A. Khaldi*, A. Hamimed*

'Research on Biological Systems and Geomatics Laboratory, University of Mascara, P.O. Box 305,
Mascara, 29000, Algeria
Phone: +213 45 80 41 68 ; E-mail: khaldiabd@gmail.com

Abstract:

The quantification of evapotranspiration from irrigated areas is important for agriculture water management,
especially in arid and semiarid regions where water deficiency is becoming a major constraint in economic
welfare and sustainable development. Conventional methods that use point measurements to estimate
evapotranspiration are representative only of local areas and cannot be extended to large areas because of
heterogeneity of landscape. Remote sensing based energy balance models are presently most suited for
estimating evapotranspiration at both field and regional scales. In this study, we aim to develop a
methodology based on the triangle concept, allowing access to evapotranspiration through the classical
equation of Priestley and Taylor (1972) where the proportional coefficient a in this equation is ranged using
a linear interpolation between surface temperature and Normalized Difference Vegetation Index (NDVI)
values. Preliminary results, using remotely sensed data sets from Landsat ETM+ over the Habra Plains in
west Algeria, show good agreement. The proposed approach appears to be more reliable and easily
applicable for operational estimation of evapotranspiration over large areas.

Hydrological modeling and data assimilation in water resources assessment

A. Agnetti', M. Del Longo', S. Pecora’, R. Vezzoli?, E. Zenoni'

'ARPA Emilia-Romagna, HydroMeteoClimate Service, Hydrology Area (SIMC-ARPA), Parma, Italy
2Impacts on Soil and Coasts Division (ISC), Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC),
Capua (CE), Italy
Tel:+39 0521 274354 e-mail: mdellongo@arpa.emr.it

Abstract:

Water management and water policies are supported by adequate planning processes, also based upon
long time series of river discharge data referred to several river sections. A combination of numerical and
stochastic modeling is here proposed in order to optimize available observations, even few and sparse, with
the possibility of taking into account different water resource allocation in a river basin (withdrawals, dams,
groundwater), as implemented in a numerical modeling.

Sometimes long time series are not available for all river sections, or river bed could be heavily modified
and data are not representative anymore of the river regime in the monitored section. A possible gap-fill
technique is to perform numerical simulations to generate long synthetic time series reflecting the current
river regime. The synthetic time series are assimilated only on control sections where long observed time
series are available, while in absence of observed data the assimilation is performed through a regionalized
approach.

The hydrological stochastic and numerical approach is provided in the context of the Water Protection Plan
framework, implemented in the application of the European Directive 2000/60/CE (Water Framework
Directive) and the national legislation D.Lgs. 152/2006 in Italy.
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Using SDP to optimize conjunctive use of surface and groundwater in China

C. Davidsen™3, X. Mo?, S. Liu?, D. Rosbjerg', P. Bauer-Gottwein'
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Abstract:

A hydro-economic modelling approach to optimize conjunctive use of scarce surface water and
groundwater resources under uncertainty is presented. Stochastic dynamic programming (SDP) is used to
minimize the basin-wide total costs arising from allocations of surface water, head-dependent groundwater
pumping costs, water allocations from the South-North Water Transfer Project and water curtailments of the
users. Each water user group (agriculture, industry, domestic) is characterized by fixed demands and fixed
water allocation and water supply curtailment costs. The non-linear one step-ahead sub-problems are
solved using a genetic algorithm (GA) that minimizes the sum of the immediate and future costs for given
surface water reservoir and groundwater aquifer end storages. The immediate costs are found by solving a
simple linear allocation sub-problem, and the future costs are assessed by cubic interpolation in the total
cost matrix from the following time step. The resulting total costs for all stages, reservoir states, and inflow
scenarios are used as future costs to drive a forward moving simulation under uncertain water availability.
The use of a GA to solve the sub-problems is computationally more costly than a traditional SDP approach
with linearly interpolated future costs, but is still computationally feasible and represents a clean and
customizable method. The method has been applied to the Ziya River basin in northern China. The basin is
located on the North China Plain and is subject to severe water scarcity, which includes surface water
droughts and groundwater over-pumping. The head-dependent groundwater pumping costs will enable
assessment of the long-term effects of increased electricity prices on the groundwater pumping. The
optimization framework is used to assess realistic alternative development scenar