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Lecture Overview 
›  Introduction 

•  What is hydrology and why do we care? 
•  Basic concepts: properties of water, drainage basins/catchments, scales, variability 
•  Revisiting the terrestrial water balance 

›  Key processes in the hydrological system 
•  Moisture transport 
•  Precipitation 
•  Groundwater 
•  Land surface/sub-surface runoff 

›  Modeling the terrestrial branch of the hydrological system 
•  Conceptual models (e.g. HBV) 
•  Physical models (e.g. WRF-Hydro) 
•  Uncertainties/trade-offs 

›  Conclusions/outlook 
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What is Hydrology? 
›  “Hydrology is broadly defined as the geoscience that describes and predicts the 

occurrence, circulation and distribution of the water of the earth and its atmosphere” – 
S. Lawrence Dingman in Physical Hydrology, Waveland Press 

›  Two main areas of focus: 
•  The global hydrological cycle concerned with the variations and transport of water through the 

oceanic, terrestrial and atmospheric arms of the global water system 
•  The land phase of the hydrological cycle concerned with the movement of water on and under the 

earth’s land surfaces 
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2 very good textbooks: 
Dingman, S.L. (3rd ed. 2014) Physical Hydrology. Waveland Press, USA 
Brutsaert, W. (2005) Hydrology: An Introduction. Cambridge U. Press, UK 



Why do we care? 
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Water as a substance 
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Water Phase Diagram 

6 



Basic Concepts: The drainage basin/watershed/catchment  
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Basic Hydrological Concepts: the global water cycle 
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The terrestrial water balance in its simplest form 

P = E + R + ΔS 
 

P = Precipitation 
 

E = Evapotranspiration 
 

R = Runoff (often written as q) 
 

ΔS = Change in storage 
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Average (1985-99) precipitation in January and June from 
WATCH dataset 
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http://www.waterandclimatechange.eu/evaporation/average-monthly-1985-1999  



Average (1985-99) evaporation in January and June from 
WATCH dataset 
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Average (1985-99) runoff in January and June from 
WATCH dataset 
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Seasonal terrestrial water storage from GRACE (Gravity Recovery and Climate 
Experiment)  
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Before it rains, before it floods; moisture must be transported 

›  https://vimeo.com/148867815  

16 

Odda flooding Oct. 2014 (Photo: Marit Hommendal/NTB scanpix) 
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And example of variability of precipitation and its 
dependence on model resolution  
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Subsurface flow 
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Recap: the terrestrial water balance 
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Annual River Discharge 

›  What is the most striking thing about this map? 
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Land surface hydrology: runoff due to soil saturation/
infiltration capacity exceedance  
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How do we represent all these processes? 
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›  Three main components 
•  1-D Infiltration/recharge (so-called Darcy flow) 
•  2-D River routing and discharge (flood 

forecasting) 
•  3-D Saturated subsurface or groundwater flow 

(critical for water resources evaluation, drought 
forecasting, etc.) 

›  Some modeling systems focus on just one of 
these components 
•  MODFLOW(3-D groundwater) 
•  TOPMODEL (2-D land surface ) 

›  Some try to incorporate all three and more 
•  HBV 
•  CLM 
•  WRF-Hydro 

Contaminant modeling with MODFLOW  



Conceptual ”rainfall - runoff” models: The HBV example 

›  Only requires daily precipitation, 
temperature & estimates of 
evapotranspiration 

›  Uses conceptual numerical 
descriptions of processes at 
catchment scale 

›  Can be run in a semi-distrubuted 
way by dividing catchments into 
sub-basins 

›  Used for operation flood 
forecasting in the Nordic countries 
including Norway 

›  Requires tailoring of input data 
(geostatistics), assumptions to 
parameters, good data for 
calibration 
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(from senorge.no ) 
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Streamflow and flood forecasts from NVE using HBV 

•  Point-based Hydrological 
predictions at catchment-
basin scales 

•  Quite good at identifying 
events; relatively 
inexpensive 

•  See last weekend 
flooding in Southern 
Norway 

•  Lack of flood warning on 
smaller river systems; 

•  Lack of overbank 
inundation information, 
precise details 

  



Combined conceptual – physical models: CLM 

›  CLM incorporates all elements 
in subgrid calculations; heavily 
reliant on parameterizations 
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Routing physics in WRF-Hydro 

›  Surface routing: 
•  St. Venant equation  
•  Manning’s equation 

›  Sub-surface routing:  
•  Saturated overflow 
•  Darcy equation 

›  Channel routing: 
•  1-d diffusive wave 
•  one-way overflow into channel;  
•  no sub-surface loss;  
•  infinite channel depth  

( Gochis et al., 2014 NCAR Tech Notes) 
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WRF-Hydro Domain design 

(The importance of high grid resolution: Pontoppidan et al., 2017, Tellus A)  

Catchments in yellow (used for 
calibration), red, purple and blue 



Streamflow, Oct 20-31, 2014, Voss 

•  Unlike conceptual models 
the physical model provides 
comprehensive information 
over the entire stream 
network 

•  2-way coupling, which can 
capture important feedbacks 

•  But is expensive, difficult to 
validate in data poor regions 

  



Conclusions/outlook 
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›  Hydrology is outrageously complicated; 
simplifications should be scientifically 
based 

›  Scales matter! Is the time scale one of 
minutes, hours, days, months or years? 
Are the spatial scales isolated 
ecosystems, catchments or major 
continental basins?  
•  The appropriate tool depends on this 
•  For continents/major basins: CLM 
•  For watersheds: Conceptual models (HBV) 
•  For detailed, continuous information: WRF-

Hydro 

›  All approaches to modeling the 
hydrological system involve trade-offs 
•  Physical models are expensive but provide 

exceptional detail and costs are dropping 
exponentially 

•  Conceptual models are cheap and probably 
good enough for many purposes but require 
many assumptions and data massaging 

Figure: Photo from the flooding in Voss, fall 2015. This camping 
area with many permanent trailer homes is right on the flood 
plain. 



THANK YOU! 
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