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Abstract

Land use is considered as a non-structural, eadtigi beneficial flood protection
measure. Forest as one of the land use types hasumaful applications which can be
observed in detail on www.nwrm.eu website projdttis scientifically proved that
afforestation influences flood events with high lgability of occurrence. However, it is
still to be argued how to measure land use impacthe hydrological response of
watershed and how it should be measured in aneffi@and quantifiable way. Having
the tool for such an impact measurement, we caid tefficient land management
strategies. It is difficult to observe the impadtland use on flood events in the
field.Therefore, one of the possible solutionsdsobserve this impact indirectly by
means of hydrological rainfall-runoff models aspaoxy for the reality. Such
experiments were conducted in the past. Our studhs d0 work on the viability
assessment, methodology and tools that allow tergbghis impact with use of selected
hydrological models and readily available data wlaRd. Our first reaserch site is
located within headwaters of the Kamienna riverensiied. This watershed has been
affected by ecological disaster, which resultedoss of 65% of forest coverage. Our
proposed methodology is to observe this transfaomaind its effect on the watershed
response to heavy precipitation and therefore ahémthe flood risk.

Keywords: natural water retention measures, hydiokd modelling, land use, flood
protection.
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1. INTRODUCTION

Flood protection is a set of organized measures of aapta@d system as
a response to identified flood risk. A catalogudlobd management measures
involves tools from several disciplines. Afforeqtat depending on the
function, falls within few categories of this catglie. Certainly, it is considered
as a non-structural, environmental-friendly andralleecologically beneficial
measure. However, the positive environmental ammdog@al characteristic of
forested areas is balanced out with an uncerté@cteieness of this solution in
flood risk reduction. It is very difficult to measuthis property directly in
nature. In general, our studies aim to estimatera$tation impact related to
flood protection in Poland. This paper explains sk&ection of tools and study
site which are used to measure forest hydrologifdct within headwater
areas. The article describes topics in followimden: core characteristics of
flood risk, discussion concerning afforestation amoother natural water
retention measures as current approach in floodegtion, research on
watershad characteristics, definition of selectexst

2. FLOOD RISK, EXPOSURE AND SENSITIVITY OF SOCIO-
ECOLOGICAL SYSTEM

Adaptation
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Fig. 1. Vulnerability of socio-ecological systemftmd risk adapted from [1] after [2]

The International Panel on Climate Change (IPPQ)sfatesthatRisk can be
described as potential for consequences where samgedf value is at stake and where
the outcome is uncertain, recognizing the diversityalues. Risk is often represented
as probability of occurrence of hazardous eventdtiplied by the impacts if these
events occur. Risk results from the interactiorvidherability, exposure, and hazard’
The above mentioned exposure, hazard and vulnigyadnié not strictly defined
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in literature. The definition depends on the sowand the context [1] [3] [2].
Despite this heterogeneity in the terminology, wan cassume safely that
exposure to natural hazard of a socio-ecologicatesy is one of the main
factors that shapes flood risk. Figurepfiesents a schematic diagram of the
vulnerability concept in the context of flood hataExplaining the diagram
bottom up, vulnerability of socio-ecological systenis determined by
a potential impact of flood and the system adaptapacity to absorb this
impact. The potential impact is a function of exjesand sensitivity of socio-
ecological system elements exposed to flood hazahg socio-ecological
system is understood as being closely related accmponents, environmental
resources and human activities that are constantiracting within one
geographical space [4]. In this study, definiti@i®xposure and sensitivity are
defined after few authors [2]. Exposure expresseslaion between socio-
ecological elements and natural hazard. Sensitigiégcribes properties of
objects exposed to flooding. For example, when gdibg is affected by
flooding, it is exposed to a flowing water of @t depth and velocity, this is
exposure. The sensitivity of this building dependsew factors. Provided it is
an inhabited single floor house without a rescuenpthen the sensitivity is
high. On the other hand, if it is an inhabited tstorey house in which the first
floor is not inhabited, the building is reinforcedainst flood hazard, a flood
warning system is in place and people do have esgdan prepared, its
sensitivity is much lower. Another factor of thelnverability depends on the
system’s adaptive capacity. This includes the fghit accommodate potential
damages, to take advantage of opportunities, eope with the consequences
[1] [5]. Within this context, vulnerability is clety related to resilience of the
system. In our study, we investigate the land usera adaptation measure
arising from the system adaptive capacity. The lams®, for example
afforestation, may be used to mitigate the flost by adjusting the exposure
of the system. The reduction of exposure by meé&fend use may take various
forms depending on the situation. Simple land waesformation within flood
risk area from the housing estate to less valuatdperty as woodland or green
fields reduces the flood risk. Such a solution sadole option for some areas in
certain cases. However, taking into account predemtlopment situation, it is
necessarily to act also other way around altefiegwtatershed response to the
heavy precipitation and therefore reduce the exmgosti the system. It is not
possible to eliminate flood hazard entirely becausea natural component of
the water cycle. Though, efficient land use managegnmay maximize water
retention capabilities of the watershed which nesult to slower response and
lower peak flows in the watershed after heavy einT his would lead to lower



62 Tomasz ORCZYKOWSKI, Andrzej TTUKALO

water depth and velocities, smaller flood risk aaga therefore to flood risk
reduction.

3. EFFICIENT LAND USE SHOULD BE A PRIORITY IN FLOOD
RISK REDUCTION, NATURAL WATER RETENTION
MEASURES

The European Union (EU) has formulated a long-tetrategy to adjust the
policies for economically, socially and environnadht sustainable
development, its goal is a sustainable improvenwnthe well-being and
standard of living of current and future generaio®ne of 7 outlined
challenges is a sustainable management of natesalurces where value of
ecosystem services should be recognized and nagés@lrce uses improved in
particular forest management [6]. Implementationtled EU environmental
directives, especially Water Frame Directive (WFRDyJ Floods Directive (FD)
evidently indicated the need for the guidance @nititroduction of the natural
water retention measures (NWRM) which are a gooppsuing tool for
realization of EU sustainable development strat@gns resulted in EU policy
document [7] which clearly points out multiplicityf environmental benefits
from the use of NWRM but also the lack of measumntechniques for the
effectiveness of NWRM projects. The European Conunishas launched
NWRM pilot project at www.nwrm.eu, where NWRM profe constructed
through out the EU are listed. This is a valualderse of information on the
types of NWRM. The flood risk management plans iedrrout in Poland,
conducted in accordance with the Floods Directipegfer non-technical,
environmentally friendly flood risk reduction meass. For example by moving
dikes or a complete dike removal and also by fagempts to increase
afforestation for certain catchments. This appro&chklso conducive to the
long-term sustainable development plans of a cgyremoted by the national
policies [8]. It also should be considered as amsgstem service that serves
multiple products to a wider community. Use of thosesources to
accommodate some of the negative effects of flapdhrould be a priority from
the sustainable development perspective. Howewepraviously stated, this
poses a challenge, which has been only partialtirem$ed so far, namely the
need to quantify the effectiveness of land useland cover related measures
in the reduction of a flood risk.



RETENTION OF AFFORESTATION AREAS AS PART OF FLOOD 63
PROTECTION-RESEARCH SITE AND METHODOLOGY FOR HEADWATER
WATERSHAD IN POLAND

4. CHARACTERISTICS OF RESEARCH WATERSHAD

Due to different mechanisms of water cycling redatie the geographic region
and topographical setting, forest may influenceastr flow characteristics in
a variety of manners. Here, we focus on forest iaumtain catchment
headwaterwhich is considered by NWRM catalogueasnly high impact on
the flood risk. Our research site is headwatehefKamienna river located in
the western part of the Sudetes Mountains.

Legend

D Study area

Szklarska Poreba

Fig. 2. Study area

It is a small watershed of an area 5.7koosed by a stream flow gauge
accompanied by a precipitation gauge. Almost 85%hefstudy site is covered
with forest. It is mainly monoculture d?icea Abiesa very common species
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occurring in Polish mountains. The site can beimdisished among other
watersheds, as it lies within the region that inlyed980s was affected by
ecological disaster which resulted in a loss ofidaforested areas. Kamienna
river watershed, especially the upper parts, whecd by the event to a large
extent. We estimate that 65% of the forested ares Vst due to the
cathastophe. An exact course of this calamity deurmnvestigation. There are
few independent sources of information (aerial phaphy, National Forest
Services's records, reports). Stream flow and pittion data was collected in
an hourly time step. Data concerning the obsermatiof stream flow are
available for the period 1976 to the present. Hllshe noted that the site is
subjected to heavy and often precipitation eveadst is located on the western
side of the Sudetes Mountains, which face air nzaseming from the Atlantic
Ocean.

5.HYDROLOGICAL RAINFALL-RUNOFF (RR) MODELSAS
A MEASUREMENT TOOL FOR THE ACTUAL LAND USE
IMPACT ON FLOOD EVENTS

The need for a detailed information on the actaatiluse impact on the flood
events is obvious [9]. The contribution of certd&md use measures to the
hydrological processes are well recognized [10],[idr example sealed areas,
where water form mostly a surface runoff. Howetee, most intriguing and the
least recognised are vegetated areas, which aatestdr the largest percentage
of land cover within most of Polish watersheds. d&eshers have been able to
prove that afforestation has an impact on rivew8iphowever it is still an on-
going debate on what the actually measurable impa¢he flood events is [9].
Supporting evidence shows the impact of afforestatn floods with high
probability of occurrence [12] [13]. The flood radion effects on severe
floods, from the scientific standpoint, are stilhaear [14]. In the past,
researchers conducted physical experiments onftbeestation impact using
paired watershed experiments or experimental watedss Nowadays,
technology points in the direction of mathematioaddelling tools, namely
hydrological rainfall-runoff models. Singular expments similar to our studies
were conducted in the past [15] but it should bdedothat for a full
understanding of hydrological cycles under Polislvimnmental conditions
this research field must be further explored iradet

Our research tries to establish suitable modelspaocedures for prediction of
the land use and land cover effectiveness in tiistPenvironment. It should be
recognized that each watershed has its ‘omigueness of placd’16], a kind of
hydrological genius locj therefore each watersheds should be assessed on
a case by case basis in regards to specific toasnzethodologies [17; 18].
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Also hydrological rainfall-runoff models should destinguished between easy
to use engineering models and models for plannimigiware more complex but
may fit better for research purposes [19].

6. GENERAL OVERVIEW ON HYDROLOGICAL MODELLING

The hydrological cycle is a system that is reldyiveasy to understand.
Measurement and quantification of the processdsmihis system is far more
complicated as the system is complex. For bettatergtanding of these
processes, we use hydrological models which helfpuest our hydrological

concepts and hypotesis. The data availability, adeaent in technology and
hydrological cycle complexity resulted in numerduslrological models that
have been proposed and developed around the wwoedthe past decades.
These models vary in structure from very simple ieicgd to very complex

physical models. A certain view on the classifioatof the models is shown in
the figure 2. However, it should be noted that sifesation of models is very
flexible and varies depending on the context aedaththor [20].

Hydrological models

| degree of causality |

| deterministic | | stochastic

| degree of distribution |

semi-

| lumped | ‘ distributed | distributed |
| empirical | ‘ conceptual ‘ | physical |
Regression Mean value Segment
models models maodels
{black box) {grey box) {white box)

| combinated
stochastic - deterministic

Fig. 3. lllustrative classification of hydrologicalodels [21]

7. SELECTION CRITERIA FOR HYDROLOGICAL MODEL

There is no particular hydrological model that nisy used as a dedicated,
proven to work in all conditions tool for the lande impact on the flood events.
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However, scientists have some evidence on accumadycorrectness of the
basic assumption for certain models. Thereforehais been decided to use
a variety of models, more and less popular, to kchieeir sensitivity to land use
related inputs and parameters. The most importdtaria for model selection
in this research is the physicality of the modelahbhmeans that equations and
inputs are designed to correspond with the actutlat®on within the
catchment. At present, researchers are investigatisalism of certain
hydrological models [22] [23], their experiencesynh& used to test our models
and assumptions. The selection of available hydicdd models is wide,
therefore we formed several lose and mostly teehniequirements that
allowed us to narrow down the list. The criteria dot include detailed
properties of the model as it is assumed that iorsm of the study the
appropriate model for each study area shall be rm@ied separately.
Nevertheless, the criteria for an appropriate madelas follows:
- model is proven to be useful in previous experiment
- model is well documented (concept of physical psses, used equations,
programing code),
- model is based on the assumption that land uselard cover related
parameters are a description of physical featundgpaocesses,
- inputs and parameters are possible to be obtaineah feliable and
available data sources,
- inputs and parameters are distributed in spacerddegf the distribution
may vary),
- model is flexible over time. The optimum is 1h tirsep to capture the
relevant characteristics of the flood events.
Stated requirements arise from the fact that mode&ild give quantifiable
answer on the land use change impact in the coonfextailability of the data.
Authors understand that, from the perspective efpfesent hydrology science,
we are not able to obtain the exact and non-digpeiteesults due to multiple
constraints (uncertainty in data or logical assuomst and simplifications
within the model). However, at this stage it is ortant for us to establish
a certain sensitivity range to the land use andl leover related inputs and
parameters.

8. SELECTED MODELS

At present the Institute of Meteorology and Watearndgement develops
a modelling framework that is designed to comprisveral hydrological
models. The framework is called HYDROPATH [24]. Tpkatform contains
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TOPMODEL [25] and FLEX-Topo [26] model implementats. In the near

future, the framework will be enhanced by a welke@rched and very
recognizable HBV [27] model implementation whichsHzeen used in similar
studies [15]. The assumptions used for these maulglghem on the top of the
list of the selected models for this research. dbeve mentioned models are
physically based and semi-distributed. Althougter¢his a clear logic behind
these concepts and it seems to be adequate fataske there is a general
supposition that fully distributed models may captunore accurately the

characteristics in question. Therefore, both LISEIID[28] and models from

WFLOW (29) platform are considered as well. The ¢t chosen models for

the research is still open and the selection igm@ss.

9. CONCLUSIONS

The Member States of the European Union promotédaa of sustainable
development and implement it trough in all relafmulicies and directives.
Flood risk management plans, as a result of thed-Directive, should also
place a strong emphasis in this regard. Land useomsidered as a non-
structural, ecologically beneficial flood protectioneasure. Afforestation as
one of the land use types, has many useful apicaivhich can be observed
in detail on NWRM website project. Land use mayapplied to alter flood risk
with exposure, sensitivity and vulnerability of tBecio-ecological system. It
has been proved in literature that afforestatidluémces flood events with high
probability of occurrence. However, it is still be argued how to measure land
use impact on the hydrological response of the ishésl and how it should be
measured in an efficient and quantifiable way. IHgvthe tool for such an
impact measurement, we can build efficient land agement strategies. Land
use impact on the flood events is very difficulb®directly observed in reality.
Therefore, one of the possible solutions is to plesthis change indirectly with
hydrological rainfall-runoff models as a proxy fie reality. Such experiments
were conducted in the past. Our study aims to workhe viability assessment,
methodology and tools that allow to observe thisnge with use of the
selected hydrological models and readily availaddgéa in Poland. Our first
research site is located in the Kamienna river Waéetr, which lost 65% of its
forested area. We propose to observe changes strdem flow characteristics
relevant to flood risk with selected hydrologicabaels.



68 Tomasz ORCZYKOWSKI, Andrzej TTUKALO

REFERENCES

1. Kerstin, F., et alThe Vulnerability Sourcebook: Concept and guidalifor
standardised vulnerabilityBonn and Eschborn : Deutsche Gesellschaft fur
Internationale Zusammenarbeit (GlZ) GmbH,, 2014.

2. Dumienski, G., Pasiecznik-Dominiak, A. and Tiukato, A. digrzno-
ekonomiczna ocena zagsemia powodziowego gmin w Polsce. [book auth.]
Katarzyny Piekarskiej i Bartosza Kmaierczaka Praca zbiorowa pod red.
Andrzeja Kotowskiego.Interdyscyplinarne zagadnienia w zymierii i
ochroniesrodowiska. Tom 6Wroctaw : Oficyna Wydawnicza Politechniki
Wroctawskiej, 2015, pp. 100-125.

3. IPCC, et alSummary for policymakers. In: Climate Change 2Qf#pacts,
Adaptation, and Vulnerability. Cambridge, New York: Cambridge
University Press, 2014.

4. Holling, C.S. Resilience and stability of ecolodisgstemsAnnual Review
of Ecological Systemd, , 1973, s. 390-405.

5. Parry, M.L., et al.Contribution of Working Group Il to the Fourth
Assessment Report of the Intergovernmental PaneClonate Change.
Cambridge and New York : Cambridge University Preg7.

6. 2001, Commission Communication of 15 May. A Susthia Europe for a
Better World: A European Union Strategy for Susthie Development’
(Commission proposal to the Gothenburg Europeam€bu[COM(2001)
264 final - not published in the Official Journal]http://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=URISERV128, 2001.

7. Union, EuropeanNatural Water Retention MeasureSuropean Union :
s.n., 2014. ISBN: 978-92-79-44497-5.

8. Ministerstwo, Srodowiska. POLITYKA EKOLOGICZNA PASTWA W
LATACH 2009-2012 Z PERSPEKTYW DO ROKU 2016 . Warszawa :
s.n., 2008.

9. EU. Natural Water Retention Measurdsuxemburg : Office for Official
Publications of the European Communities, 2014.

10. Verbeirena, B., et al. Assessing urbanisation &fea rainfall-runoff using
a remote sensing supported modelling strategyTERNATIONAL
JOURNAL OF APPLIED EARTH OBSERVATION AND
GEOINFORMATION21, 2013, 92-102.

11.Banasik, K. Wplyw zagospodarowania terenu na odptyw i transport
fluwialny w matych zlewniach zurbanizowanyéfarszawa : Wydawnictwo
SGGW, 20009.



RETENTION OF AFFORESTATION AREAS AS PART OF FLOOD 69
PROTECTION-RESEARCH SITE AND METHODOLOGY FOR HEADWATER
WATERSHAD IN POLAND

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Guillemette, F., et al. Rainfall generated storawflresponse to clearcutting
a boreal forest: peak flow comparision with 50 wlenlide basin studies.
Journal of Hydrology302, 2005, 167-153.

Grant, G., et alEffects of Forest Practices on Peak Flows and Comnset
Channel Response: A State-of-Science Re-port fatéive Oregon and
Washingtons.|. : United States Department of Agriculture, 00

Alila, Y., et al. Forests and floods: A new paradigheds light on age-old
controversiesSWATER RESOURCES RESEARG@IS,.2009, Vol. W08416.
Seibert, J. and McDonnell, J. Land-cover impactsioeamflow: a change-
detection modelling approach that incorporates rpatar uncertainty.
Hydrological Science Journab5, 2010, Vol. 3, 316-332.

Beven, K. Uniqueness of place and process repasamt in hydrological
modelling.Hydrology and Earth System Scienegs2000, 203-213.
McDonnell, J., et al. Moving beyond heterogeneitg @arocess complexity:
A new vision for watershed hydrologWater Resour. Red4.3, 2007, Vol.
WO07301, doi:10.1029/2006 WR005467.

Fenicia, F., et al. Catchment properties, functiand conceptual model
representation: is there a correspondenig@rological Processes28,
2014, 2451-2467 DOI: 10.1002/hyp.9726.

Plate, E. Classification of hydrological models filood management.
Hydrol. Earth Syst. ScR009, Vol. 13, 1939-1951.

Jajarmizadeh, M., Harun, S. and Salarpour, M. Ai&ewn Theoretical
Consideration and Types of Models in Hydrologyournal of
Environmental Science and Technology2012, 249-261.

J.C., Refsgaard. and Knudsen, J. Operational valida and
intercomparison of different types of hydrologicalVater Resources
Research32, 1996, Vol. 7, 2189-2202.

Gao, H., et al. Testing the realism of a topogragtiyen model (FLEX-
Topo) in the nested catchments of the Upper Hellena. Hydrol. Earth
Syst. Scil8, 2014, Vol. 18, 1895-1915.

Euser, T., et al. A framework to assess the readismodel structures using
hydrological signaturesiydrol. Earth Syst. Sc2013, Vol. 17, 1893-1912.
Szalinska, W., et alSrodowisko obliczeniowe operacyjnego modelu typu
opad-odptyw.. Monografie KGW PANZ. XX, 2014, Vols. s. 293-307,
ISSN 0867-7816.

Beven, K.J. and Kirkby, M.J. A physically basediahle contributing area
model of basin hydrologyHydrologic Science Bulletir4, 1979, Vol. 1,
43-69.



70 Tomasz ORCZYKOWSKI, Andrzej TTUKALO

26. Savenije, H.H.G. Topography driven conceptual matgl(FLEX-Topo).
Hydrol. Earth Syst. Scil4, 2010, Vols. doi:10.5194/hess-14-2681-2010,
2681-2692.

27.Bergstrom, S. The HBV model - its structure and ligppons. SMHI
Hydrology.RH No.4, 1992, 35 pp.

28.VAN DER KNIJFF, J.M., YOUNIS, J. and DE ROO, A.PLJISFLOOD: a
GIS-based distributed model for river basin scatgew balance and flood
simulation.International Journal of Geographical Informatiomi€nce.No.

2, 2010, Vols. Vol. 2, DOI: 10.1080/136588108025891189-212 .

29. WFLOW platform documentatiorhttp://wflow.readthedocs.org/en/latest/.

[Online] Accessible in February 2016.

RETENCJA LESNA ZLEWNI JAKO ELEMENT OCHRONY
PRZECIWPOWODZIOWEJ

Streszczenie

Uzytkowanie terenu jest uwane za nietechniczny, przyjaznyodowisku srodek
ochrony porzeciwopowdziowej. Tereny zalesione jgkden z typow gytkowania
terenu ma kilka zastosow@& w ochronie przeciwpowodziowej. Poszczegbinym
sposobom jego wykorzystania ama blizej sk przyjrz& na stronie projektu Unii
Eurpoejskiej, www.nwrm.eu. Jest dowiedzione naukow® zalesienie wplywa na
hydrologiczm odpowied zlewni wywotam opadem. Jednak nie zostalo w petni
okreslone w jaki doktadnie sposéb zalesienie wplywa nadpowied, a take w jaki
spos6b mona mierz¢ efektywnd¢é zmiany uytkowania terenu w ochronie
przeciwpowodziowej. Pomiary tych charakterystyk wzypodzie nie s tatwe do
wykonania, dlatego autorzy propoauyvykorzystanie hydrologicznych modeli opad-
odptyw jako narzdzia pomiarowego. Takie podeje bytlo jw realizowane
w przesziéci, w réznych regionachswiata. Nasze badania majna celu ocen
wykonalngci oraz przydatnéci wynikow, wybor odpowiednich modeli matematycznyc
oraz wypracowanie metody uiiwiajaca kwantyfikacg wptywu uzytkowania terenu do
ochrony przeciwpowodziowe] za pomodostpnych w Polsce danych. Nasz obszar
badawczy jest zlokalizowany w gornejeéai zlewni rzeki Kamiennej w Sudetach
Zachodnich. Ta zlewnia zostala dotitai kleska ekologicza w latach 80-tych XX
wieku, ktéra skutkowata wymarciem 65% powierzchasd w badanym obszarze.
W pracy proponujemy obserwacjwptywu tej transformacji na hydrologiczn
odpowied zlewni, a przez to na ryzyko powodziowe.

Stowa kluczowe: naturalna retencja, modelowanie rdipgiczne, wytkowanie
terenu, ochrona przeciwpowodziowa
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