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ABSTRACT 
An orographic precipitation model has been used to estimate the 

spatial distribution of precipitation in Iceland with a horizontal 
resolution of 1 km and time scales ranging from a day over the 
period 1958 to 2006. This model combines airflow dynamics with a 
simple parameterization of cloud physics (cloud water formation 
time, hydrometeor fallout time, condensed water advection and lee-
side evaporation). The model is forced with large-scale atmospheric 
variables taken from the European Centre for Medium Range 
Weather Forecast (ECMWF) (Re-)analysis and the model 
parameters have been optimized using rain-gauge and glaciological 
data. The results suggest that the model behaves reasonably well in 
the complex terrain of Iceland and offers a suitable solution for 
providing detailed estimates of  precipitation for various purposes 
ranging from hydrological and glaciological applications to 
climatology.  
 

INTRODUCTION 
Estimating the spatial distribution of precipitation in complex terrain 

remains a challenging problem. Traditional approaches based on a geo-
statistical description of the spatial variability of precipitation are difficult to 
apply in Iceland because rain-gauge observations are sparse and affected by 
wind-induced undercatch. An alternative approach based on the linear model 
of orographic precipitation (LT-model) proposed by Smith and Barstad 
(2004) has been selected. This model includes crude representations of the 
main physical processes involved in orographic generation of precipitation, 
namely airflow dynamics and cloud physics. The LT-model is forced with 
large-scale temperature, wind and precipitation data obtained from the 
ECMWF (Re-)analysis, following a methodology defined in Crochet et al. 
blalallalal 
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(2007) and further improved in Jóhannesson et al. (2007). The resulting 6-
hourly precipitation estimates are then accumulated over a day or longer. 
The parameters of the LT-model were optimized over the period 1995-2000 
using precipitation observations from a rain-gauge network and precipitation 
derived from mass-balance measurements made on 3 large ice caps. These 
parameters were then kept constant over the entire simulation period. Daily, 
monthly, annual and 30-year averaged gridded precipitation datasets have 
been produced  with a horizontal resolution of 1 km over the period 1958-
2006. 
 
CASE STUDIES 

As an example, Figure 1 shows the simulated precipitation field on 27 
March 1994 when the main wind direction in Iceland was from the SE. 
Orographic enhancement of precipitation on the windward side of 
mountains and a precipitation shadow or dry areas on the lee side of 
mountains are clearly visible. The wet and dry areas are rather well detected 
despite the complexity of the precipitation pattern, especially in the northern 
part of Iceland. The comparison between simulated precipitation and wind-
corrected rain-gauge observations is presented in Figure 2. Precipitation is 
systematically slightly overestimated for this day at most locations, and at a 
few locations where no precipitation is observed, rather large amounts are 
simulated, revealing the difficulty to delineate accurately the wet and dry 
areas in complex terrain.  

Figure 3 shows simulated precipitation on 21 March 1998 when the main 
wind direction in Iceland was from the SW. The wet and dry areas are rather 
well detected but a lack of lee-drying is observed in a region located north of 
the Vatnajökull ice cap in SE Iceland. The comparison between simulated 
precipitation and rain-gauge observations is presented in Figure 4. 
Precipitation is rather well simulated for this day, but the largest amounts are 
underestimated.  

A detailed verification of simulated daily precipitation fields over a 10-
year period reveals that the model estimates agree quite well with 
observations in a large number of cases, but systematic over- and/or 
underestimation of precipitation may occur due to model shortcomings and 
to some aspects of the practical model implementation. Inconsistencies 
between the time windows of the large-scale forcing and the precipitation 
measurements have also an impact on the quality of the comparisons.   

When precipitation is accumulated over a month or longer, the results 
indicate good model performances most of the time against both rain-gauge 
observations located in lowland areas and precipitation derived from mass-
balance measurements on 3 large ice caps. As an example, Figure 5 presents 
a comparison between simulated and observed precipitation on the 
Hofsjökull ice cap, central Iceland, for the winter 2000-2001. 
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Figure 1. Simulated daily precipitation on 27 March 1994, when the main wind 
direction in Iceland was from the SE. Filled (open) symbols denote rain-gauge 
stations where precipitation was observed (not observed). 
 
 

 
 

Figure 2. Estimated precipitation versus observed precipitation for 27 March 
1994. The solid (dashed) lines are the regression (1:1) lines. 
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Figure 3. Simulated daily precipitation on 21 March 1998, when the main wind 
direction in Iceland was from the SW. Filled (open) symbols denote rain-gauge 
stations where precipitation was observed (not observed). 
 
 
 

 
 

Figure 4. Estimated precipitation versus observed precipitation for 21 March 
1998. The solid (dashed) lines are the regression (1:1) lines. 
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Figure 5. Precipitation on Hofsjökull ice cap from October 2000 to April 2001. 
Top left:  snow-stakes location. Top right: averaged observed precipitation versus 
simulated precipitation (mm/day). The solid (dashed) lines are the 1:1 
(regression) lines. Bottom left: stake elevation (m.a.s.l) versus averaged observed 
precipitation (mm/day). Bottom right: stake elevation (m.a.s.l) versus averaged 
simulated precipitation (mm/day). 

659



ACKNOWLEDGEMENTS 
This study was carried out as part of the projects Climate and Energy (CE), 
funded by Nordic Energy Research and Veður og Orka (VO), funded by the 
National Power Company of Iceland, the National Energy Fund of Iceland, 
the Ministry of Industry, the National Energy Authority and the project 
participants.  
 
REFERENCES 
Crochet, P., Jóhannesson, T., Jónsson, T., Sigurðsson, O., Björnsson, H., 

Pálsson, F., and Barstad, I. 2007. Estimating the spatial distribution of 
precipitation in Iceland using a linear model of orographic precipitation. 
Journal of Hydrometeorology 8, (6), 1285-1306 

Jóhannesson T., Aðalgeirsdóttir, G., Björnsson, H., Crochet, P.,  Elíasson, 
E.B., Guðmundsson, S., Jónsdóttir, J.F., Ólafsson, H., Pálsson, F.,  
Rögnvaldsson, Ó., Sigurðsson, O., Snorrason, Á., Blöndal Sveinsson, 
O.G., Thorsteinsson, T. 2007. Effect of climate change on hydrology and 
hydro-resources in Iceland. Reykjavík, National Energy Authority, Report 
ISBN 978-9979-68-224-0, OS-2007/011, 91pp 

Smith, R.B., and Barstad, I. 2004. A linear theory of orographic 
precipitation. Journal of the Atmospheric Sciences 61, 1377-1391 

 

660


	NHC2008 kapa vol2
	kapa2.pdf
	aftan-a-kapu.pdf

	NHC2008 volume 2
	VM-NHC prufa2.pdf
	session_contents.pdf
	session_preface.pdf
	session1.pdf
	VM-NHC prufa.pdf
	1 Arne Tollan_5.pdf
	3 Andre_Musy.pdf
	4_Sveinn.T.pdf
	5 Valery Vuglinsky_85.pdf
	9_Hrund Andradottir_6.pdf
	10_Bergur Einarsson_86.pdf
	11_Peter F.pdf
	12_Tobias Jonas_78.pdf
	13_Agrita Briede_30.pdf
	14_Helen K.pdf
	15_Astrid Vokso_36.pdf
	16_Johanna Korhonen_52.pdf
	17_Elga Apsite_22.pdf
	18_Deborah Lawrence_17.pdf
	19_Jannes Stolte_51.pdf
	20_Anda Bakute.pdf
	20_Anda Bakute_21.pdf


	18_Deborah Lawrence_17.pdf
	19_Jannes Stolte_51.pdf
	20_Anda Bakute.pdf
	Paper Sveinn T. Thorolfsson_43_titill 2_idk.pdf
	URBAN HYDROLOGY AND SUSTAINABLE URBAN DRANAGE 
	AT LAKE URRIDAVATN IN GARDABÆR, ICELAND

	VM-NHC prufa session 4.pdf
	session4.pdf
	21_Emiliano Gelati_20.pdf
	Paper Olafur Rognvaldsson_91.pdf
	Paper Olafur Rognvaldsson_92.pdf
	24_Wei Yang_59.pdf
	25_Asgeir Petersen Overleir_13.pdf
	26 Snorri Arnason_99.pdf
	27Olga Kovalenko_58.pdf
	28 Sveinn T.pdf

	VM-NHC prufa session 5.pdf
	aud.pdf
	aud.pdf
	VM-NHC prufa session 5.pdf
	session5.pdf
	29Herve Colleuille_18.pdf
	30 Gunlög Wennerberg_57.pdf
	31Yisak Abdella_47.pdf
	32Søren Elkjær Kristensen_33.pdf
	33 Uldis Bethers_79.pdf
	34 Peter Borsanyi_60.pdf
	35 Kristoffer Dybvik_27.pdf
	36Benno Wiesenberger_84.pdf


	VM-NHC prufa session 6.pdf
	session6.pdf
	37 Karen Lundholm_38.pdf
	38 Knut Alfredsen_46.pdf
	39 Cintia Bertacchi Uvo_63.pdf
	40Astrid Voksø_37.pdf

	VM-NHC prufa session 7.pdf
	session7.pdf
	41 Göran Lindström_61.pdf
	42 Saulius Vaikasas_26.pdf
	43 Anne Steensen Blicher_73.pdf
	44 Niclas Hjerdt_14.pdf
	45 Saulius Vaikasas_24.pdf
	46 Gunnhild Riise_68.pdf
	47 Maja Brandt_10.pdf

	Paper Saulius Vaikasas_24.pdf
	SELF-PURIFICATION PROCESS AND RETENTION OF NITROGEN IN FLOODPLAINS OF RIVER NEMUNAS
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Fluctuation
	REFERENCES





	VM-NHC prufa session 8.pdf
	Paper Noora Veijalainen_53.pdf
	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS

	RESULTS
	DISCUSSION AND CONCLUSIONS
	REFERENCES

	Paper Bergur Einarsson_86.pdf
	ABSTRACT
	INTRODUCTION
	RUNOFF MAP OF ICELAND FOR 1961-1990 AND FUTURE PROJECTION FOR 2071-2100
	FURTHER USE OF THE HYDROLOGICAL MAP
	MODEL APPLICATION IMPROVEMENTS
	DISCUSSION
	REFERENCES


	Paper Haraldur Olafsson_93.pdf
	ABSTRACT
	INTRODUCTION
	REGIONAL AND SEASONAL VARIABILITY OF PRECIPITATION
	Acknowledgements
	REFERENCES


	Paper Oli Gretar Blöndal Sveinsson_70.pdf
	ABSTRACT
	INTRODUCTION
	CLIMATE CHANGE IMPLICATIONS
	RESULTS
	CONCLUSIONS


	Paper Haraldur Olafsson_94.pdf
	ABSTRACT
	INTRODUCTION
	SEASONAL VARIABILITY OF MEAN TEMPERATURE CHANGE
	Acknowledgements
	REFERENCES


	Paper Jari Schabel_90.pdf
	ABSTRACT
	INTRODUCTION
	RISK ASSESSMENT FRAMEWORK
	CASE STUDY
	RISK/OPPORTUNITY IDENTIFICATION
	RISK ESTIMATION AND EVALUATION
	FUTURE EXPECTATIONS
	REFERENCES


	Paper Arni Snorrason_87.pdf
	ABSTRACT
	INTRODUCTION
	ORGANIZATION OF THE CLIMATE AND ENERGY SYSTEMS (CES) PROJECT
	MAIN OBJECTIVES OF THE CES PROJECT
	WORKING PLAN FOR THE PROJECT
	REFERENCES



	VM-NHC prufa session 9.pdf
	ABSTRACT
	INTRODUCTION
	THE HYDROLOGY OF THE ALTA RIVER
	THE SALMON
	THE EFFECTS FROM THE NEW MANEOUVERING RULES
	CONCLUSIONS
	REFERENCES

	Paper Morten Stickler_9.pdf
	ANCHOR ICE FORMATION AND ITS INFLUENCE ON HABITAT USE OF ATLANTIC SALMON (SALMO SALAR L.) PARR IN STEEP STREAMS
	Study area
	Data collection of physical characteristics
	Monitoring of Atlantic salmon parr


	Paper Gunta Springe_44.pdf
	MATERIAL AND METHODS
	RESULTS AND DISCUSSION






