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Mass balance in catchment
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FIGURE 1.2.3
The watershed as a hydrologic system.
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Water balance model (continuity equation):
a simple and good mathematical model

P=ET+dS +R

For example for
oceans:

P=ET+R+dS

P=precipitation
R=runoff
ET=evapotranspirat
ion

dS = changein
water storage; like
water in ice, snow.
In

short term water
soil, ground,
reservoirs and lakes

Ccean

Max-Planc institute
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PRECIPITATION MODEL

DAILY INPUTS:
* Precipitation

« Air temperature

Snow in the ¢ (Potential evaporation)

ground?

SNOW STORAGE

evapotranspiration
SOIL STORAGE

percolation (inf)

UPPER STORAGE lake
RIVERS AND evaporation
LAKES

LOWER STORAGE Surface water routing

percolation

Calibration example of a catchment model
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Fig. 2. General structure of snowmelt-runoff model.

e Demo developed by prof. Tuomo Karvonen at Helsinki University
of Technology
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Hydrological simulation and

forecast
* A country wide system (WSFS):

- http://www.ymparisto.fi/en- )
US/Waters_and_sea/Hydrological_situation_and_forecasts/Hydrological forecasts and m
aps/Hydrological forecasts and maps%2826174%29

— Used for operational forecasts
— Used also for research
— Based on water balance computation on watersheds
(3rd division level)
» Dynamic links
» Meteorological data forecasts (FMI)

 Hydrological observations (water levels, river discharges,
water temperature, ground water level)

* Links to satellite automated imaging products (snow
coverage, snow water equivalent)

* Automatic and tailored products
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Integrated use of weather, climate, water quantity and
quality expertise in hydrological services in Finland

Observations

Weather forecasts ——— e —— (weather, hydrology,
ECMWE & FMI WATERSHED SIMULATION AND nutrients) SYKE & FMI
FORECASTING SYSTEM
Weather radar, LAPS sl e
FMI SYKE Observations from
neighbour countries

Realtime Automatic Forecast Nutrient load and transport § Simulated data
forecasts flood accuracy of harmfull substances: ~ § for unobserved
Automatic and maps warnings monitoring Simulation and forecasting areas

media
monitoring
—_— . Ministeries
Flood Centre Local environmental Operative lake Communities
authorities, rescue regulation & flood Rescue services

Officers on duty (met. & hyd.) SEIEONEVCI O[T ET [, mitigation decisions Lake regulators
Hydrologists, meteorologists, Consults
water resource experts

Video connections to local Water supply
environmental authorities and Manual flood warnings and water situation info Common people
rescue departmens Media
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Climate N Process models: water quality, lakes, soil moisture, ice, - "
S o= outflow
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User and operator

interface (mobile) Full system contror HYDROLOGICAL
MODELING AND
FORECASTING SYSTEM _

|
|

S and |
: ucts @ .

oy : AN P‘o(.jnﬁor\'“a\\o“ Automatic

— “ [ gyste™! forecasts

Settings of the

‘model

Numeric forecasts

Hydrological maps

‘Weather forecast

'schedules

e ; ) g aP®
= e : Public www

1962-

‘Water resources for
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description sunny and dry period.
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discharges will stay
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Hydrological expertise in Finland Weather forecasts (1/8)

Observations Forecast (future)
(history)

| +3 hours | +54 hours |
| +30 days |
Weather | +8 days |
radar | +90d |
| +15 days | 2ys

Harmonie/
HIRLAM

FMI forecast — edited
by meteorological
officer on duty

LAPS VarEPS
Realtime ( Test use: Monthly forecast )
hourly
observations ( Test use: Seasonal forecast )

Climatology, historical observations

Hydrological expertise in Finland Weather forecasts (5/8)

e The input of the operational model is
e Observed weather (in history)

o ECMWF 15 days VarEPS, 50 members. The first days are corrected
against FMI deterministic forecast.

e Climatology of the last 50 years: every member of VarEPS is continued
by data from a certain historical year

e Result: probabilistic hydrological forecast for 1 year.

e Since 2007 experimental forecasts have been made using monthly and
seasonal EPS:

o ECMWF monthly EPS, produced weekly, time span 30 days (two
weeks after VarEPS).

o ECMWEF seasonal EPS, produced monthly, time span 90 days (30-60
days after the monthly EPS).

e The length of the period based on various weather forecasts is 60-90
days, and climatology is used only after that.

e During very warm winters 2007-08 and 2008-09 the hydrological
forecasts made using monthly/seasonal EPS were clearly better,
but overall performance cannot be said to be better than
climatology.
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Hydrological expertise in Finland Weather forecasts (6/8)

Mean forecast goodness of fit values for lake inflow 30, 60 and

90 days ahead

30 days inflow forecast accuracy

e Comparing inflow forecasts of 08 - —
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Hydrological expertise in Finla Weather radar observations and nowcasts (1/1)

Weather radar and LAPS in WSFS

Weather radar

e Hourly radar data in 2x2km grid
e Used for 2 days in model

e Underestimates large rainfalls

o Corrected manually against rain
gauges

Radar nowcasting
e 3hrs in Southern Finland
o Ensamble of 50 members

LAPS

e Combines information from weather
radar, automatic real-time rain gauges,
road weather measurements,

e Will probably be used in WSFS as a
weather radar replacement in near
future




. S Realtime and historical hydrometeorological and
Hydrological expertise in Finland nutrients observations (1/4)

Observation networks

e Automatic realtime precipitation
1-hour measurements from 100
stations

e 380 discharge stations
o 220 with daily measurements
o 160 external stations with

usually daily measurements Jyad :
e 660 water level stations T e
; ; Synoptic weather Other weather
e} rement
400 with daily m?asu e. ents stations, 50 stations, 200
o 260 external stations with daily measurements daily measurements

usually daily measurements
e Snow courses
o 140 montly measurements
e Water quality measurements

Hydrological expertise in Finland Realtime and h_|stor|cal hydrpmeteorologlcal and
nutrients observations (2/4)

" A
Measuring the snow x{\( R
- . P e 7
water equivalent s Vi, ST
e Snow water equivalent is measured by -{;lgj@{;ﬁ?}’:\f
Snow course measurements Uil o4 o1 0\
. . [ Ky CN
o About 140 snow courses in Finland Oyt g, )
(less than what is shown at the map) ”“iti»ﬁ;{u’ b
o5
o Areal snow water equivalents are ﬁf;gi»»"})é:;v?
calculated for approximately 110 areas _ é{‘ﬁ{%\ T )

e Snow courses are 2-4 km long routes
through various terrains

o 80 depth measurements
o 8 manual weightings

e Measurements are made once
or twice a month




Hvdroloaical exoertise in Finland Realtime and historical hydrometeorological and
y 9 P nutrients observations (3/4)

Measuring the snow
water equivalent

Realtime and historical hydrometeorological and

Hydrological expertise in Finland nutrients observations (4/4)

Meteorological
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Hydrological expertise in Finland Satellite snow observations (1/2)

Satellite snow products in WSFS

CryoLand
e Fractional snow cover
e Snow water equivalent

Lumen vesiarvo, 6503220 Ounasjoki, K koko alue (7684 km2)
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Hydrological expertise in Finland Satellite snow observations (2/2)

Satellite snow products in WSFS

e Areal snow difficult to estimate
o FSC provides information
about remaining snow in
final stage of melting

e If modelled snow differs from
prec.sum SWE helps

¢ Has not yet been as helpfulas | -
areal snow .
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Hydrological expertise in Finland

Sea water level realtime
observations and forecast 2-5
days ahead for river water
level simulation at City of Pori
e City of Pori has biggest
risk for major flood
damages in Finland

For River Water level

simulation we need:

e Discharge simulation and
forecast

e Sea water level
observations and forecast

e Wind speed & direction
observations and forecast

Forecast for Pori (1/2)
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Hydrological expertise in Finland Dam control (1/1)

Regulation dam controlled by the hydrological model

Kaarenhaara dam at Evijarvi is controlled by Watershed Simulation and
Forecasting System SYKE-WSFS

The WSFS model calculates the daily runoff based on the inflow forecast
(adaptive outflow calculation), and the result is sent to the dam

The dam adjusts the outflow according to the model, but applies also a
safety logic on top of the model’s calculation

The model’s outflow for the dam can be manually overriden, if necessary

Dam interface (provided
by private partner)

Hydrological expertise in Finland Realtime forecasts and maps (1/3)

e Water level

10 years return period

3 years return period

Discharge
Ice dam risk
Ice breakup
Nutrient load
Evaporation

Snow we 3 b B me i m we
Runoff

Groundwater

Soil moisture ol
Hydropower situation

N

25.5 —

25.0 -

245 —

240 —
23.5 — °
23.0 — o
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22.0 w2
otz Syyshus
s
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Hydrological expertise in Finland

wwweymparisto.fi

Realtime forecasts and maps (2/3)

C || B~ Google

Vesitilannekartat: Valunta Tulvatilanne

Vesitilannekartat
Valunta / Tulvatilanne
Vedenkorkeus

Tulvavaara
Vuerokausisadanta

30wk sadesumma

Jarven jaanpaksuus

Lumen vesiano ! Lumikuorma
Lumen sywys

Lumen sulanta

Lumen tiheys

Lumen tiheys aukealla
Lumen tiheys mets3ssa
Routa

30 vk maahaihduntasumma
Maankosteuden vajaus
Pohjavesi

Vuorokauden keskilampatiia
Jarven pintalampétila
Tarkemmat kartat

W =20 mmnk
RUNSASVFE':I'.:',‘"E’;\',-I:I 15-30 mmivrk
O 7-15 mmirk
57 mmirk
NORMAALI-I:. 35 mmivrk

O -3 mmiwrk -
[ 0,5-1,0 mmisrk
VAHAVETINEN—| [ 0,2-0,5 mmiurk
M =0,2 mmrk

Hydrological expertise in Finland

&

Vesistoennusteet
ja tulvavaroitukset

TULVAKESKUS
ntret

oversvamningsce

Kuva paivalta:
06.07.2016

28.06.2016
29.06.2016
30.06.2016
01.07.2016
02.07.2018
03.07.2016
04.07 2016
05.07.2018
06.07 2016
tanaan

08.07.2016
09.07.2018
10.07.2016
11.07 2016
12.07.2016
13.07.2018
14.07.2016

Piivitetty 07.07.2016 20:00

Kartta on linkki vesistéennusteisiin

Realtime forecasts and maps (3/3)

Realtime forecasts and maps for over 600
lakes and rivers available online:

http://www.environment.fi/waterforecast

http://www.ymparisto.fi/vesistoennusteet
(in Finnish)

Paijanne Kalkkinen vedenkorkeus

50 v toistuvuus
796

794 10 w. toistuvuus

792 B© i 3 w. toistuvuus
™=
75.8
786
784
78.2
78

2015 2015 2016 2016 2016
Heindkuu ~ Marraskuu  Maaliskuy  Heindkuu  Marraskuu
2015 2016 2016 2016
Syyskuu Tammikuu  Toukokuu Syyskuu
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Hydrological expertise in Finland

Automatic flood warnings (1/4)

AUTOMATIC WARNINGS FROM HIGH
WATER LEVELS AND GREAT DISCHARGES

e Up to 9 days ahead, even 30 days
ahead with big slowly changing lakes
like Saimaa

e Warnings are based on

50 v. toistuvuus

i
-]

Vedenkorkeus NGO (m)

@
o

a3 233 64 204 Nayta koko vuosi

o realtime observationsand
forecasts

o potential damagesand
consequences

o Direct delivery to subscribers

@

e Warningsavailable online:
www.environment.fi/waterforecast

W DREN FINLAND

Oulankajoki (Kiutakongas)

Warning: forecasted water level exceeds limit of
Karhunkierros hiking route to be cut off.

Observed water level 26.5.2014 klo 12 is NN+88,92 m.
Karhunkierros hiking route will be cut off if water level
exceeds NN+90.00 m.

Forecasted water level peak NN+90.50 m is at 29.5.2014.

&
BORG e
.
e
KOKKOLA PKAJRAN |
KARLEBY =~ KAJANA. /| 1@
Rex? g
i %X % 5. b
= 10 v. toistuvuus
aja 4
1k 3 v. toistuvuus

Automatic flood warnings (2/4)
\\--.’ ";7{'/ e S—
~Tarsankangas’
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Hydrological expertise in Finland Automatic flood warnings (3/4)

Warnings are based on impact / potential damages and
consequences, when possible (otherwise return period)

Description / impact / Return period
Symbol Warning potential damages preliminary value

Very ” :
dangerous Danggr ORI Over 50 years
health

flood

“Anything which differs
&* Flood flood-wise from normal 3-10 years
casual everyday life”

Hydrological expertise in Finland Automatic flood warnings (4/4)

Realtime forecasts and warnings are available
online:

| http://www.ymparisto.fi/ennusteetjavaroitukset

(In Finnish, Swedish and English, and in
samaama Russian for transboundary waters)

.
Vesistoennusteet paijanne Kalkkinen vedenkorkeus
. .
ja tulvavaroitukset | Sy s
TULVAKESKUS ‘ i e M
- = A 792 B© i 3 w. toist
oversvamningscentret o w S
788
786
784
782
78
2015 2015 2016 2016 2016
Heindkuu Marraskuu Maaliskuu Heindkuu Marraskuu
2015 2016 2016 2016
Syyskuu Tammikuu  Toukokuu Syyskuu
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Hydrological expertise in Finland Nutrient load simulation and forecasting (1/13)

Structure of WSFS-Vemala water quality model

Phosphorus and nitrogen leaching from fields and forest
Point sources, scattered dwelling and deposition
Transport and retention in rivers and lakes
Field level description
Covers all Finland

Landuse
+

Precipitation
Temperature
Atmospheric deposition
Scattered settlements

Terrestrial models

VEMALA 1.1
VEMALA-N
ICECREAM

[] Agricultural loading

M Forest loading

M Scattered settlement
loading

Discharge Discharge
Load : Point Load
Concentration source Concentration

river wigth
b erp— iver length
Discharge

TN loading
TP loading
SS loading

Baltic Sea

Lake surface area

Discharge: Lake depth
oad Lake volume, Load
i i+ Concentration Concentration i i+1 i+
Lake model River model
Hydrological expertise in Finland Nutrient load simulation and forecasting (2/13)

Mean annual riverine phosphorus load from Finlang

Realtime and annual phosphorus
load from Finland to Baltic sea

Finnish rivers .n the Baltic sea erea

fnnual river loac into the sea

1300
Peltofields
1800
Hoy alve
Finnish rivers in the Baltic sea area excluding Ladoga basin Farests+forestry
30000185 16518 Lahtevs kuarna T
85000~ Saattered Duelling
800001 e
750001~ Pistekuornat askeun
700001~ Paint load#deposition
650001~
[ 60000
'S, 55000
o 50000~
§ aso00~
2 40000
£ 40000
[ 35000~
|- 300001~
25000
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15000
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50001~
woiz | Daatoss Lol andl o v T Tonlvan T i T
400
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200k pi— e
100 R
=
£
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Jan I
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Hydrological expertise in Finland Nutrient load simulation and forecasting (3/13)

Simulation of a leak from mine

The aim is to better predict the transport of substances in rivers and lakes downstream of an industrial leak for
determining toxicity risks:

o Simulation of a hypothetical 1 tonne of Nickel discharged on the 09/11/2014 into the freshwater ecosystem
from Talvivaara

Talvivaara
1 Yi-Lumijarvi 0 10
12000 \
10000
= 8000
£ o0
Z 4000
2000
o 4 Vuotjsrvi
R SR SR e S S e
S S S S
2 Kiviiari
200
P 3 e Xy ® 3 3
2100 R
2
50
o
PR P & P S P
R P N e b
3 tLaakajarvi
s
L6
24
N 5 Juurusvesi
2
o
o

Nutrient load simulation and forecasting (4/13)

Hydrological Terrestrial model .

VEVALA 11 TN SS WsFs concentration-runoff concentration-runoff
G relationship relationship
VEMA! » WsFs field scale process based concentration-runoff =
(E=ERE i) (CHTETD (Section2.15)  (Section.2.1.6.)
) semi-process based, 5 crop  semi-process based, 1 forest
VEMALA-N ™, NOy WSFS o ey
™, TP, SS, TOC, PO,%, PP, ' ) ' )
recHr VEMALA-ICECREAM (TP), VEMALA-N (NOs, Norg), Biogeochemical  Biogeochemical
VELAA 63 P“E"‘y'gl;nm‘n' x’g' e VEMALA 1.1 (SS, TOC) model model
Landuse
Precipitation

rature
Atmospheric deposition
Scattered settlements

Terrestrial models.

TN loading VEMALA 1.1
TP loading VEMALAN
SS loading ICECREAM

Baltic Sea

[ Agricultural loading

I Forest loading

[ Scattered settlement
loading

Discharge Discharge
Point Load Point Load
source | Concentration source Concentration

<« \lakesurfacearea | «
Discharge \ Lake depth Discharge
Load Lake volume Load
i .. Concentration Concentration | i i+
Lake model River model
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Hydrological expertise in Finland Nutrient load simulation and forecasting (5/13)

VEMALA-N

» Simulates NOy-, Norg
and TN leaching and
load formation at a
catchment scale

» Simulation unit is
crop/land use class and

crop classes and forest
» Model simulates

(mineralization,
nitrification,
denitrification, plant

moisture and
temperature

uptake) on the soil >

there are 5 agricultural

dependancy of the main Scenarios:
processes » Model can be used to simulate the

Nitrate leaching model Conceptual hydrological model

Groundwater storage

effect of changing climate on the
nitrate leaching and it's sub-
processes

Model can be used to simulate
effect of changing crop and
fertilization (both mineral and
organic) on the nitrate leaching

Hydrological expertise in Finland Nutrient load simulation and forecasting (6/13)

VEMALA-ICECREAM

» Simulates particle bound
and dissolved phosphorus
(PP and DP) load and
erosion from agricultural
areas

» Field-scale, process based
model, applied to all fields
in Finland

» Field characteristics: soil
type (clay, silt, coarse and
peat), field slope and the
size of a rectangle-shaped
field plot

» Output from ICECREAM
(daily total P load) is used
as input to VEMALA

P & Puse o Pua

» Agricultural measures in
ICECREAM:

r

Amount, depth of application
and type of fertilizer
(mineral/manure)

Annual crops (also over
winter), perennials and root
crops, 13 different crops
parameterized
Conventional tillage, direct
sowing

Dates for agricultural
practices

Buffer zones/strips

18



Hydrological expertise in Finland Nutrient load simulation and forecasting (7/13)

VEMALA v.3

» VEMALA v.3 uses the terrestrial input from
VEMALA-N for NO3 and Norg, VEMALA- e
ICECREAM for PO,%, PP and Porg and ’
VEMALA 1.1 for TOC and SS.

S T T

»  The phytoplankton growth is simulated using the AQUAPHY model (Lancelot et al.
1991) and the nutrient cycling using a simplified version of the biogeochemical model
RIVE (Billen et al., 1994).

» In this new model, the bioavailable nutrients are no longer modeled separately but are
linked in the aquatic ecosystem to one another through phytoplankton dynamics,
organic matter degradation and sedimentation.

» It can simulate:
» The proportion of biologically available fractions in the run off to the Sea

» The contribution of the different loading sources to the biologically available
nutrients

» The impact of the different farming actions and loading reduction actions on
the biologically available nutrient loads

» The phytoplankton growth in Finnish water bodies
» The better simulation of retention in the river network.
» The effect of climate change on the biologically available nutrient fractions

Hydrological expertise in Finland Nutrient load simulation and forecasting (8/13)

»  Variables simulatedin VEMALA V.3

> Phosphate (PO,?), dissolved organic pt (Porg) and parti inorganic (PP)
Nitrate (NOz), ammonium (NH,*) and organic nitrogen (Norg)
Phytoplankton

Suspended solids (SS)
Total organic carbon (TOC)
Oxygen (Op)

VEMALA v.3 with ammonium 0% @

Air River stretch

Y VYV VY

Water

TER

o

2

<f>_) Lysis
Grazing 55, 70C,
Vs, Output PO,>, PIP, Porg,

downstream  NO,, NH,", Norg,,
PHY

= 94
)

35, T0C,
Input from the
aisahad PO,*, PIP, Porg,

and NOy, NH,", Norg,
from upsteam  PHY

e R)

Water

38
Sediment
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Hydrological expertise in Finland Nutrient load simulation and forecasting (9/13)

Where can it be used?

» It can simulate:

» The proportion of total or biologically available fractions in the run off to the
Sea

» The contribution of the different loading sources to the total or biologically
available nutrients

» The retention in lakes and the river network.
» The phytoplankton growth in Finnish water bodies
» Scenarios:

» The impact of the different farming actions and loading reduction
actions on the total or biologically available nutrient loads

» The effect of climate change on the total or biologically available
nutrient fractions

» VEMALA can help in the WFD implementation

» Impact of the mining industry

Hydrological expertise in Finland Nutrient load simulation and forecasting (10/13)

For implementation of WFD it provides:

e For each about 58 000 lakes an estimate B B
Field id Name % ha kg/ha/a
Of the present State 7620256645 Pihantaus 4.47 16.93 1.7
1 7620330205 Rikkasuo 1 5.34 6.59 1.61
© UnderStandlng reasons for the State Of 7620520262 Nivonniska 3.47 4.02 1.59
the lake by dividing the loading by 7620254827 Inganmaki 375 38 154
7620239164 Koskenniska 0.69 271 1.4
Sources 7620262305 Valiaho 3.03 4.02 1.22
o . H 1400111639 Paskosuo 2.29 3.47 1.02
e Scenarios for future with differentload 0 72051 vikanani o BT

reduction options and the effects of
climate change

Lake id Name Phosphorus  Incoming  Fields Forest Scattered Point Load out

concentration load dwelling sources

ug/l kg/a kg/a kg/a kg/a kg/a kg/a
04582001 Vinkuanlahti 42.84 15172.83 6235.78 7238.96 660.38 1037.68 15114.44
04582002 Sulkavanlahti 134 139.04 115.47 16:3 7.41 0.86 137.43
04582003 Vehkalampi 115.09 4.3 3.71 0.29 0.17 0.13 272
04582004 Kivilampi 104.29 27.66 21.22 4.33 1.84 0.28 26.52
04582005 Rajalahti 60.23 17.05 8.85 5.07 18 1.33 13.86

| 04582006 Pentanlahti 4161 1487635 608215 725638  647.03 89075 1474566




Hydrological expertise in Finland Nutrient load simulation and forecasting (11/13)

VEMALA tool for simulation transport of
heavy metals and harmfull substances

» Real time forecast for transport of a leak or waste water
» Concentration downstream of the leak
» Comparasion to harmfull concentration levels

» Operational over Finnish waters

» Simulated substances:
» Zinc (Zn), Lead (Pb), Mercury (Hg), Aluminium (Al), Cadmium (Cd), Nickel
(Ni), Uranium (U), Iron (Fe), Chromium (Cr), Manganese (Mn), Magnesium
(Mg), Sodium (Na), Copper (Ct\ Sulnhue (Q\ Calaivim (Cal Culnhata
(50,%), Silica (Si0;), Cobalt

2 28 001 Rura 54 ohikulks va6401 6715877 3244977 V S

2 28 001 Aura 54 ohikulku vabdol 6715877 3244977 V 5B

T 1T T 1T 11

e

6.5
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Hydrological expertise in Finland Nutrient load simulation and forecasting (12/13)

VEMALA

» Water quality model
» Operational over Finnish waters

» It simulates nutrient processes, leaching and transport on land, and in
rivers and lakes.

» Simulates from the Finnish water basins to the Baltic Sea:
» Nutrient gross loading
> Retention in lakes and in the river network
» Nutrient net loading

» Nutrient species modelled:
» Phosphorus: Total phosphorus (TP), phosphate (PO,*), organic phosphorus (Porg) and
particulate phosphorus (PP)
Nitrogen: Total nitrogen (TN), nitrate (NO5’), ammonium (NH,*) and organic nitrogen
(Norg)
Suspended solids (SS)
Total organic carbon (TOC)
Phytoplankton
Oxygen (O;)

v

Y V V V
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Hydrological expertise in Finland Nutrient load simulation and forecasting (13/13)

Taélvivaara 2012 leak: Zn, Ni, Co, Mn, Fe ja U

T AT

Hydrological expertise in Finland Simulated data for unobserved areas (1/2)

o Daily simulation of 20 hydrological variables (From areal precipitation...to runoff)
o For each subcatchment (total 6500)
o For each lake bigger than 1 km?
o For each day since 1.1.1962 -> current day

e Common usages

o What is the discharge
at the end Of Certaln BOOEumEn veslarvu(snuuwateql; 19950101 - 20001231
arbitrary area?

o How has the water
equivalent of snow
been in certain
arbitrary areas in past
20 years? In past 50
years? Past 20 years
compared to past 50
years?

275

Lumen vesiarvo(snowwateg) mm

75§

50 f

0

1995 1996 1997 1998 1999 2000 44
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Hydrological expertise in Finland Simulated data for unobserved areas (2/2)

Standardized index

e Compares short-term values with long-term 3 oSPL Ikk (Standardized Precipitation Inde: 20100101 - 20141231

03 01 dat
03 02 dat

distribution

e Statistical indicator based on a transformation into
standard normal variable with zero mean and
variance equal to one

03 03 dat

03 04 dat

03 05 dat
03 06 dat

03 07 aat

o Available for 1, 3, 6, 12 and 24 months periods

e  Precipitation (SPI)
> For meteorological drought situations
o Runoff (SRI)

SPI 1kk (Standardized Precipitation Inde

For hydrological drought situations
Takes into account, in addition to
precipitation, other relevant elements of

hydrological cycle
5_S_RI 1kk (Standardized Runoff Index)(sri 20100101 - 20141231

e Both SPland SRl are "only indicators” of the

phenomenon, and it might be wise to use them
together instead using just the other

Indicator Droughtness | Cumulative Category
values probability probability

SRI Tkk (Standardized Runoff Index)(sri

-10t0 0.0 Normal 0.159-0.5 34.1%

-1.5t0-1.0 Moderate 0.067-0.159 9.2%

-20to-1.5 Severe 0.023-0.067 4.4% | |

o020 Extreme  00-0023  23% 2 ST TERTTTTTTTTGETTTTITGRATTTT TG

Hydrological expertise in Finland Forecast accuracy monitoring (1/2)

Forecast accuracy monitoring
e WSFS operational model forecast input (precipitation and temperature) and output
(lake inflow and river peak flow) is archived and later verified against observations.

e Archiving and verification is completely automatic, and results are shown in
continuously updating web interface.

e The web interface shows many verification criteria, tables for comparison, and
verification graph types for WSFS forecasting locations in Finland.

2012-2013 1841121881y Sainaa 38 vuorokauden tulovirtaamasunma

aeea ninfnax
5-957% m——
29=79% wem—
nedisani
havaittu ¥

3500

368080

2500

28080

1500

1688

Tulovirtaanasumna nil joonaa kuutiota

500

a
syys  loka  marras  joulu  tanmi  helni naalis huhti touko  kesi  heind  elo
Havaintopaivi
Kuva tehbys 2013-05-20 19510333 EEST enm TR—
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Hydrological expertise in Finland Forecast accuracy monitoring (2/2)
93589418y Loini joki, Haurialankoski, wirtaanahuippu 19.84.2813, 7 vrk aiennin tehty virtaanaennuste
350 A
- —
Parg—
a E3 i Tk
25
2 [E: 1ste q3509410y, koko valuma-alue. Kaikkien pi
?
2 [Taulukossa on virheiden keskiarvot ennusteista. jotka on
£ s
B q __ |Huippuvirtaama |Huippuvirt. | Ajoitus-
100 e [m*4] virhe [%] |virhe [d]
o 2013-04-19 [291.67 15 0.3
2013-01-03 (90 378 0.4
RSV P I
30.03.2013 06.04.2013 13.04.2013 26.04.2013 27.04.2013 04.05.2013 2012-11-16 |86.72 22.1 0.8
fuws | Seurattu havainto/ennuste: Oulujérvi (kaildki osat), tulovirtaama ( 4 vrk ka) 2012-10-22  [105.69 115 18
T [2012-10-06 [165.52 [418 l29
Tulovi \ Sad [ Lampitilan keskiarvo [2012-04-15 [104 [319 k2
Vuosij [R* ||E [%]|[E [Mm*]|N R* |E [%]|E [mm]|N [R* |[E [%]|[E [°C]||N 2012-03-29 |170.81 113 18
2013 [@]o.77 10 Je431 B3sd[efo.ss]le 388 o3 Jri4 [e3 2011216 13139 o1 03
2012 ||@[0-85 |5 12733 353||@||0.43 ||6 6.56 358||@|/0.97|3 130 ||358 2011-11-28 [94.4 781 21
o1 J[@ossfio |perss [padefos7]s 542 [pe2fefoorls 124 362
[2011-09-16 [65.75 [s63 [2s
2010 [@]o3s 12 Jpo2+ [od[@fo37]ir 515 [pig[efoos]s  Jr4as |31
12009 ||@[0-83 (16 15.70 347||@||0.51 ||11 439 357||@||0.97|4 123 |1357 ‘2011_04_“ ‘233'76 |15'5 |1'6
2008 [ofoss |7 Jpss7 [padeloss iz Je3z |pas|efoods Jrar |5as 2010-04-06 |200.53 59 11
2007 |[@0.44 12 [l27.01 Jj2s4@f033 |11 501 P297|@]0.05]3 142|297 2009-04-06 |166 111 3.56
12006 ||@[0-80 (16 130.07 338||@|0.54 |10 5.39 338||@|/0.94|4 185 ||338 2008-12-02 |126.49 10.1 0.7
2005 [@orofs Jprst [p3defoas]fia 571 [p42fefoos]s  Jise 342 2008-11-13 154 284 04
2004 [@]o45 12 |pess [333[@fo24]1r 730 [B33[efooels+ 138 |333 [o0s-11-01 116,34 119 o
12003 ||@(-0.18[|16 22.75 153||@||-3.25(62 1644 |6 ||@|0.48|27 291 |6 ‘2003-04-15 ‘128 | |
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Hydrological expertise in Finland Flood Centre (1/9)

Flood Centre

e Joint flood service of Finnish Environment Institute (SYKE) and
Finnish Meteorological Institute (FMI)

e National water situation and flood information, forecasts and
warnings 24/7

e All types of flooding:
o Watershed
© Sea coast Flood Centre
o Urban

e Solid co-operation
with regional flood
management authorities

(ELY-centres, _ - 3
rescue departments) Regional environment authorities,

rescue departments, municipals

Hydrological expertise in Finland Flood Centre (2/9)

Flood Centre products

Water situation information
Flood warnings to authorities and public
Flood situation picture

LUOVA (National natural disaster warning an
information system) warnings to authorities

Flood damage and effect forecasts and maps

e Flood expectionality statements to insurance » “w:2
Companies Paijanne Kalkkinen vedenkorkeus B Hyvinvasrallinen tulva

istuv || inen tulva
796 50 v. toistuvuus

794 10 v. toistuvius Tulva
3vioiswuus Wl irivaa

ML ey
78.8 W
786 oo o -
78.4 E S o 1
«««««
|
|
/ I

% ] 792 &

55

782
78

¢
2015 2015 2016 201 fr
Heinakuu Marraskuu ~ Maaliskuu Heinall {=\
2015 2016 2018
Syyskuu  Tammikuu  Toukokuu
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Hydrological expertise in Finland Flood Centre (3/9)

Water situation maps in television
broadcast with weather forecast

iohjelmat  Suorat  Sarjatjaelokuvat  Vilhde ja kulftuuri  Dokumentit ja fakta  Uutiset  Urheilu  Lapset

& h jiljells Lisda samankaltaista

SWAT

» Continuous time model,
operates on a daily time
step at catchment scale

¢ Simulates suspended
sediment & nutrient
loading on catchment
scale

R SWAT

SWAT Watershed System

¢ In European wide use

« Collaboration with
Okayama University
(Lake Kojima

catchment) Channel/Flood Plain
. . Processes
* Has potential to include
agricultural

management actions

(See more in the the project report:

http:/Amww.ymparisto.fi/download.asp?con
tentid=85389&lan=fi) WI S E R
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SWAT- P cycle

The three major forms of P in mineral soils are:
Organic P associated with humus

Insoluble forms of mineral P

Plant available P in soil solution

w N e

* P may be added to the soil by fertilizer,
manure or residue application

P isremoved from the soil by plant uptake and
erosion

SWAT — Soil Water Assessment Tool

PHOSPHORUS

|
|
Mineral P ! Organic P

|

I ic P fertili . .

ISR e | Humic Substances Residue

Plant Uptake 1
1 Organic P
| fertilizer Plant residue
|
- i

ineralizatiop
<>
|
Drecay

| Fesidue Mineralization

© Neitsch et al., 2001
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DEM, Ylaneenjoki river basin, 233 km?

| watarshad

[»

| Streams
A

| Dem

[Jaa-50
C_151-88

57 - B2
o
[Jea-7a

75 gl
] sz - 57
| =
I =4 - 98

00 - 105
06 - 112
| Subbasins
—

| SollClass
[ cLvasr
[_]MORFOR
[ RCKFOR
[ sLTFOR
TRFFOR
[ wATER

| SwatlandUseClass
Bl ~5RR
[ JFRsT e
[ PasT
[ uRLD -
[ JwETL

| Outlets =
# Linkingstrear
@ Manually add

resolution

| Aftributes of rlane_

Land use & soil in Yl&aneenjoki catchment

2%

14%
Autumn cereals 8%
Spring cereals 66 %
Root crops 4% 2%
Grasses 20 % Moraine & rock
Gardens 2%

Clay




Ylaneenjoki SWAT application - sub basins

¢ Other observation
points
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SWAT : loading estimates & various agricultural
management practices

Inside the field
Intensity and timing of ploughing
* land use change
* drainage
« fertilization
* etc.

... "outside the field”
* buffer zones
e wetlands
 sedimentation ponds

SWAT calibration

« Discharge in o

SURLAG were chosen
for autocalibration runs
made for daily discharge.

_ — d
Vanhakartano Iy gg | = Sir:jlxd 12 (niti 3l best guess)
=120 -
oys
H‘ID-
Parameters GWQMN, = 1 -~
TIMP, ESCO, SOL_AWC, 2= =" ==
CN2, SMTMP,SFTMPand = 2 & & 38 & 3 & 3 & 3 8
SR e

T 30 4 —— hieasured O

-:E 5 — Simulated O (autocalibrated)

‘w20

&

E15-

o 10

] 5

& J

0 e 'r.\“r-". e

[l [l f=3 o [l [l (=] (=] [l (=] (=] o
o o = = o o =3 =3 o =3 =3 =
.
L T T e |
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SWAT calibration

* Hydrology and erosion

Surface runoff Groundwater flow
250 300
200 250
200
150 4
150
100 4
100 A
50 4 T 50 4
Spring Root Grasses Gerdens Forest Autumn 0 Spring Root Grasses  Gardens Forest Autumr
il crana corsal cereals crops cereals
Evapotranspiration Sediment loss
as0 4
300 35
250 - 3
25
200 +
F
150 ~ L
1,54
100 ~
14 I
50 4 T
0.5 ~
. 0 1 - i - i:
Spring Root. Grasses  Gardens Forest Autumn Spring Root Crasses  Cardons Forest Autumn
cereals erops cereals cereals crops cereals
Scenario Action
Buffer zones Date for autumn ploughing Fertilization
) Ploughing 1.9. (spring cereals)  Average fertilization levels
0-scenario No buffer zones gning (spring ) 9 u S )
and 20.10. (beets) used in Ylaneenjoki region
21 meter wide buffer zones Ploughing for both spring ) I
) Maximum fertilization
' along the main channel for all cereals and beets on : u -
Scenario 1 ) : ) levels used in Ylaneenjoki
sub basins and for spring 10.12=delayed ploughing :
" region
cereals and beets¢ datum.
Chicken manure 5000
Buffer zones according to scen . ) kg/ha for grass crops,
" ] Dates for ploughing same as in ;
) 1 but additional 15 meter width ) other crops according to
Scenario 2 0-scen. but normal ploughing

buffer zones for spring cereals
and beets

repalced by cultivation

scen 0. Pig manure 10000
kg/ha for grass crops,
othercrops, scen 0
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SWAT scenario, results

» Effect on annual P-load at the river outlet (change-% compared to O-
scenario)

Scenario Action
Buffer zones Datum for autumn ploughing Fertilization
P change in % P P
Scenario 1 -19 -8 +17
. +25 (chicken)
Scenario 2 -36 -22

+27 (pig)
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