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b Hydrologic cycle and its modeling

- atmosphere model: ?:( g Condeneation Ef )
cloud microphysics
finit oo, Bloe: g W
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recipitation
* land surface model:

soil moisture
evapotranspiration
interception
snowmelt
infiltration

* hydrology model:

overland flow
underground flow

- available high-resolution datasets on:
topography
land use, land cover
soil types, soil texture

 ocean model vegetation cover



Hydrological models

* statistical models correlation between precipitation amount and river discharge
- conceptual models simple equations, lot of parameters that should be calibrated

- physically based models differential equations based on physical lows,
but often oversimplified (kinematical approximation),
fewer parameters for calibration
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Governing equations:
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* Dynamical treatment of overland flow
(NO kinematical approximation!)

» Numerically stabile implicit time scheme for

the friction term

* New numerical scheme for preventing grid

decoupling noise

* Horizontal advection scheme is mass
conserving and positive definite

O h-points
+ u-—points

A-B-C-D-E-F river points
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* Reference:
Nickovic et al., 2010, HYPROM Hydrology

Surface-Runoff Prognostic model, Water
Resources Research, 46, W11506




LSM as a vertical hydrology component
' precipitation

Liquid water content forecast: Darcy’s Law evaporation
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Case study: the Savinja river, flash flood event

MMM 3.7km: 10 doys accumulated precipitotion NMM forecast

lorecast nltol time: 007260CT1430 i temperature and streamlines at B50 mb
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R HYPROM ercgraphy with river bed and metes and hydro stations position

watershed: 3200 km?

N
b\ Case study: the Moraca river
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discharge (m”3/s)

River discharge sensitivity to solil types
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Soil type distribution over Montenegro
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FAQ soil classification:

01 SAND

02 LOAMY_SAND

03 SANDY_LOAM

04 SILT_LOAM

05 SILT

06 LOAM

07 SANDY_CLAY_LOAM
08 S| 'Yif“l AV7I OAM

09 CLAY_LOAM

TO SANDY CLAY

11 SILTY_CLAY

12 CLAY

13 ORGANIC_MATERIAL

15 BEDROCK

16 OTHER(land—ice)
17 PLAYA

18 LAVA

19 WHITE_SAND

parameter

Clay Loam
(09)

Bedrock (15)

sat. diffusivity

0.113 x 10

0.136 x 103

L — 2.45x10° | 1.41 x 104
conductivity
porosity 0.465 0.20

CH constant

8.17

2.79




Water budget components: six months accumulations

Accumuloted precipitation Accumulated snow melt
1.Nov.2002.—- 30.Apr.2003. . 1.Nov.2002.—30.Apr. 2003,
4295 4295
4zoM 2.0
4285 4285
42BN 284
m 275 42750
o a2m 27
8 4265 4265
- 4 4z6M a6
': .55 42554
Q 4z5M 4.5
< 42454 42450
I Azam Q o - 24 G
° 187 18BE  180E 18E 19‘.:£ 1926 193 194E 195 196 197 187E  18BE  188E 13 I;‘{ 192€  193E  194E 195 196E  19.7E
o ] 400  BOO  BOO 1000 17200 1400 1600 1800 0 40 80 120 180 700 740 2AOD 370
N Accumulated evaporation Accumulot_ed runoff
1.Nov.2002. - 30.Apr. 2003, 1.Nov.2002.—30.Apr.2003.
o 4
w 42950 4295
Q 2 2
E 42850 428
m AZEN 4284
> 278 274
o 42.7TH 4278
Z 42650 4265
a2 4.6
42550 42550
2 250
42450 42454
Az E . 4240 q
,«“\ evaporation | .7\ runoff
Vi

5 N
18.7E 18,88 18.5E 15€ 19.9E 19.26 19.3E 19.4E 19.5E 19.5E 19.7E 18.7E 18.80 18.9E 19€ 19.1€ 19.26 19.3€ 19.4E 19.56 19.6E 19.7E

o 100 120 140 160 180 200 [1] 400 600 ano 1000 1200 1400 1600 1R00



One year runs: river discharge

BIAS:
MAE:
RMSE:
CC:
FEC:

-2.43
35.48
55.48
0.94
0.87
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FJ Case study: the Skadar lake, climate simulations

the Skadar lake watershed: 5180 km?

RCM-SEEVCCC: resolution ~35km, A1B SRES/IPCC scenario
NMM-E nesting: resolution ~8km

control year: 2003 modeled river discharge

simulation: 2020 - 2030 SRS olanalfivek
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b HYPROM conclusions:

e Dynamical treatment of overland flow

e Suitable for long term and flash flood simulations
e Applicative to small and large watersheds
e Off-line and on-line mode

e No calibration needed ___hight (em) at: 24h forecast

e Computationally efficient
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HYPROM example for the Danube watershed






