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| \Aims\of the study

Analysisof:

A applicability of the conceptual catchment runoff HBV
modelto describesmallnon-glaciatedarctic catchmentson
exampleof Fuglebekken

A the influence of data time step on the calibration and
validation results of the HBV model as well as on the
valuesof parameters

A an influence of input data averaging on the runoff
modelling
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How meter NivusPCMFwith Active Doppler sensor (KDKP 10

- velocity of particles in a remote sampling volume based upon the Doppler shift effect
above the sensor and then automatically multiplied by the cross sectavaa
ElectromagnetidOpen Channel Flow Metevaleport (801) with a Flat

Typesensor- velocity areamethod, vertical subsectiong0.5m), in eachoutflow was
computed by multiplying the subsection area by the measured velocity.

resultsvaried
upto 15%
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ModelHBYV has a structure with four conceptual storages taking into account dominant
processessnow accumulation and melting, soil moisture, fast and slow runoff. The
appropriate descriptiorand simulationof these processes requirdse input of hydre
meteorological data at appropriate temporal scale

In this study the HBV model
was calibratedindependently
for:

M two ablation seasons
(2014and 2015

1 eleventime steps(10, 20,
30, 40, 60, 90 min; 2, 3, 6,
12, and24h);

9 discrete (instantaneous)
and averagedover time
interval data.

Precipitation
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A Model -calibration by global optimisation method -
Differential Evolution with Global and Local neighbours
(DEGL

A Soppingcriterion- 30000iterations

A Algorithm was run independently 30 times for randomly
generatedinitial conditions

A Objectivefunctionthe NashSutcliffecoefficient(NS
A The HBVmodelwascalibratedindependentlyfor:

1 two ablationseasong2014and2015);
1 eleventime steps(10, 20, 30, 40, 60, 90min; 2, 3, 6, 12, and 24 h);
1 discrete(instantaneousandaveragedovertime interval data.

M1 Validationof the modelon datafrom other season



Comparisorof the best calibration and validation results from 30 runs of
optimization procedure for discrete (continuous lines) and averaged (dotted lines)
over time stepdata
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Dependence ofliscreteand averaged = —— zisdiscrete

---€r-- 2014 averaged
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Conclusions

A More than satisfactory results of calibration and
validation were obtained which canjustify the application
of the HBV model in other years at Fuglebekken
watershed and may give the opportunity to assessthe
actualstate, aswell assimulate future changes

A A comparison of the calibration and validation results
between different time steps indicated that the best
results for the model were obtained for 3 and 6 hours.
Those time steps are recommendedfor further use In
hydrologicalsimulations(hindcastand projections).
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AIms

I Analysis of variability of daily snow cover depth, air temperature and
LINBOALAGF GAZ2Y dzaAy3d UKS ySgfe LINELE
| 2NRA | 2y Q

I Identification of changes in seasonality with statistical change detection test,
I comparison of the estimated trends between stations,
I analysis of potential sources of changes in air temperature and precipitation




A Four stations:
I Hornsund,
I Barentsburg,
I Longyearbyen,
i Ny-Alesund
A Period:01/08/1984
to 31/07/2016
A Analyses of 32 snow seasons

A Each season starts on/08 and
ends on 3107 next calendar year
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Method

Original series Smoothed series

1 1
Moving Average over Shifting Horizon | ;
(MASH) introduced bgnghileriet al. e :
(2014) S w5 B
the data are arranged into array and 2 : i L3
than averaged in two dimensions: 7 - E
over the same days in the 2 ! 2
consecutive years and over 14 1
consecutive days in the same year. = 16
This averaging is performed over
shifting horizon which is
parametrized by w and Y. s ' 5
I wdescribes number of consecutive 365 = s
days taken during averaging. The Yot SO e I B TR rons
average over 2w+1 days.
I Yis related to the averaging over years. i, = mean { mean  x
. < c d.
In this study w=15 days and Hyears U yethhiv-1) [deie-werw) T
Trend analysis of the filtered data
Mann Kendall method [y M o Mgy
MASH — a1 Moz - Hon,

LHags1  Haes2 -+ Haesw, .



Resultssnowdepth Barentsburg
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Original time series covers peritdty= R seasonsfrom 1B4to 2015, so MASH is
composed oNh= 2 patterns.Aconsistency in the results is visible despite small
changes in snow depth over time.



Resultssnowdepth Hornsund
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In the case of results fddornsundstation changes in data are visible. The outcomes up tc
horizon no 14 (hydrological year 1997/1998) are characterized by higher values of snow
depths. From the horizon no 15 (hydrological year 1998/1999) together with smaller dey
of snow cover also the snow accumulation periods are shorter.



Resultssnowdepth Barentsburg
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Anotherway of visualizing results usiMASH the lines represent snow depth averaging over
7 years.Blue lines represent older horizons while red lines more recent horizons. The resul
arebiased due to missing dat@hangesn annual runs of snow depth are visible. These resu
indicate rather additional periodicitthan any trend.



Resultssnowdepth Hornsund
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Significant temporal changes are visible. The outcomes for recent horizons indicate tha
cover appears later and disappears earlier, and snow cover is thinner comparing to date
eighties and nineties. In addition changes of dates of occurrence of maximum snow co\
visible. In the eighties and nineties maximum snow cover was measured in May. Recen
measured in March and April.



Changes in snow depth
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Stat significant changes at the 0.05 level are representeiby line Barentsburgor green
line (Hornsund. The results for both stations are similar for August, September and June w
statistically significant decreases of snow depth were estimated.



Osuch and Wawrzyniak 2016 (Internatiodaurnalof Climatology

~Changes In air temperature

4 .
—— Barenstburg
—— Hornsund
3.5 — Longi(earbyen
Ny-Alesund

N
w
________h‘
<
— —

M
N

change per decade ['C]
o

o
()] —_
.\1
{
4
L 5N
.\\-\

-0.5 | _ _ _ _ _ | _ _ _ J
Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Similartendencyof changesat all stations Statisticallysignificantincreasealmost throughout
the year, except March at Hornsundand Longyearbyenin December,Januaryand February
changesigherthan 2°Cper decadewere estimatedfor all stations



Osuch and Wawrzyniak 2016 (Internatiodaurnalof Climatology

Changes In precipitation
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In this case differences between stations were found. In August and September high posit
trend was estimated onlyor Hornsundstation. In October statistically significant positive trenc
for all stations. Increaseme visible in second part of December and first part of January
decrease in precipitatiofor March, April, and May.
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Potentialsourcesof changes
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The strengths of these relationships were tested by the Spearman
correlation coefficient



Conclusions

The MASHmethod combined with the Mann-Kendalltest was successfully
appliedfor trend estimationin daily snow coverdepth, air temperature and
precipitation

Data filtering allows for the signal separationinto two bins, weather (with
smallscalevariability and influence of local factors) and climate (with large-
scalevariabilityandregionaland globalfactorsthat haveinfluence)

More details are available In the paper.
Osuch M., Wawrzyniak T. (2016 Inter- and intra-annual changesin air
temperatureand precipitationin western SpitsbergeninternationalJournalof
Climatology

Theavailablein-situ measurement®f snowdepth in Spitsbergerarerare. The
data are availablefrom a few sites Thereare problemswith homogeneityof
the data.

Further investigationsand snowpackmodelling are required to explain the
differencesin observationsat Hornsund



Futureplans

A Uncertainty and sensitivity analysis of HBV
model for the simplification of the model
(done)

A Projections of future conditions cooperation
with met.no (Andrea®obblel)

A Assimilation of snow data






