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OBJECTIVE 

Verify a proper method for spatial interpolation of local wind 
speed measurements in complex topography areas 

original thiessen idw micromet 
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INTRODUCTION 
windspeed and evapotranspiration 
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Gong et al., Journal of Hydrology (2006) 329, 620– 629 
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INTRODUCTION 
windspeed and complex topography 

source: http://www.riam-compact.com 

source: http://earth.imagico.de 
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MATERIAL AND METHODS 
case study 

The upper Po river basin 

Total Area: 37200 km2 
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MATERIAL AND METHODS 
case study 

The upper Po river basin 

Total Area: 37200 km2 

Area > 1000 m: 13700 km2, 36.8% 

300 m < Area < 1000 m: 10800 km2, 29% 

Area < 300 m: 12700 km2, 34.2% 

94 stations for wind speed and direction 
managed by ARPA Piemonte 
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MATERIAL AND METHODS 
reference dataset 

Wind speed and 
direction 

Air temperature Relative humidity 

http://www.isac.cnr.it 

Cloud cover 

MOLOCH model 1.5 km 
resolution 

3 months of hourly maps 
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MATERIAL AND METHODS 
interpolation methods 

Thiessen polygons (Nearest neighbor) 
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MATERIAL AND METHODS 
interpolation methods 

Inverse Distance Weighting (IDW) 
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MATERIAL AND METHODS 
interpolation methods 

Micromet (Liston et al., 2006, J. HYDROMETEOROLOGY ) 

𝑊𝑊𝑤𝑤 = 1 + 𝛾𝛾𝑠𝑠𝛺𝛺𝑠𝑠 + 𝛾𝛾𝑐𝑐𝛺𝛺𝑐𝑐 

slope 
curvature 

slope weight (0.5) 

curvature weight (0.5) 
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MATERIAL AND METHODS 
interpolation methods 

Micromet (Liston et al., 2006, J. HYDROMETEOROLOGY ) 

1. Wind speed 𝑊𝑊 and direction 𝜃𝜃 are converted to zonal 𝒖𝒖 and meridional 
components 𝑣𝑣:   

 
    

2. The two components  𝑢𝑢 and 𝑣𝑣 are interpolated using IDW 
3. For every cell the 𝑢𝑢 and 𝑣𝑣 components are converted back to wind speed and 

direction. : 
 

 

𝒖𝒖 = −𝑾𝑾𝒔𝒔𝒔𝒔𝒔𝒔𝜽𝜽  
𝒗𝒗 = −𝑾𝑾𝒄𝒄𝒄𝒄𝒔𝒔𝜽𝜽 

𝑾𝑾 = 𝒖𝒖𝟐𝟐 + 𝒗𝒗𝟐𝟐 
 

𝜽𝜽 =
𝟑𝟑𝟑𝟑
𝟐𝟐 − 𝒕𝒕𝒕𝒕𝒔𝒔−𝟏𝟏

𝒗𝒗
𝒖𝒖  
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MATERIAL AND METHODS 
interpolation methods 

Micromet (Liston et al., 2006, J. HYDROMETEOROLOGY ) 
4.The topographic curvature  Ω𝑐𝑐 is computed by defining a length scale 𝜂𝜂 (assume half 
of wave length of topography) . The curvature is the average of the four local values 
computed for each of the four cardinal directions, S-N, W-E, SW-NE e NW-SE: 

 

𝜴𝜴𝒄𝒄 =
𝟏𝟏
𝟒𝟒
𝒛𝒛 − 𝟏𝟏 𝟐𝟐 𝒛𝒛𝑾𝑾 + 𝒛𝒛𝑬𝑬⁄

𝟐𝟐𝟐𝟐
+
𝒛𝒛 − 𝟏𝟏 𝟐𝟐 𝒛𝒛𝑺𝑺 + 𝒛𝒛𝑵𝑵⁄

𝟐𝟐𝟐𝟐
+
𝒛𝒛 − 𝟏𝟏 𝟐𝟐 𝒛𝒛𝑺𝑺𝑾𝑾 + 𝒛𝒛𝑵𝑵𝑬𝑬⁄

𝟐𝟐 𝟐𝟐𝟐𝟐
+
𝒛𝒛 − 𝟏𝟏 𝟐𝟐 𝒛𝒛𝑵𝑵𝑾𝑾 + 𝒛𝒛𝑺𝑺𝑬𝑬⁄

𝟐𝟐 𝟐𝟐𝟐𝟐
 

  
5.Compute topographic slope in the wind direction 𝛺𝛺𝑠𝑠, where 𝛽𝛽 is the terrain slope and  
𝜉𝜉 is the aspect 

 

𝜷𝜷 = 𝒕𝒕𝒕𝒕𝒔𝒔−𝟏𝟏
𝝏𝝏𝒛𝒛
𝝏𝝏𝝏𝝏

𝟐𝟐

+
𝝏𝝏𝒛𝒛
𝝏𝝏𝝏𝝏

𝟐𝟐
𝟏𝟏
𝟐𝟐�

      ,     𝝃𝝃 =
𝟑𝟑𝟑𝟑
𝟐𝟐
− 𝒕𝒕𝒕𝒕𝒔𝒔−𝟏𝟏

𝝏𝝏𝒛𝒛 𝝏𝝏𝝏𝝏⁄
𝝏𝝏𝒛𝒛 𝝏𝝏𝝏𝝏⁄  

 
𝜴𝜴𝒔𝒔 = 𝜷𝜷𝒄𝒄𝒄𝒄𝒔𝒔 𝜽𝜽 − 𝝃𝝃  
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MATERIAL AND METHODS 
interpolation methods 

Micromet (Liston et al., 2006, J. HYDROMETEOROLOGY ) 
 

6. The weighting factor to W𝑤𝑤 is 
 

𝑾𝑾𝒘𝒘 = 𝟏𝟏 + 𝜸𝜸𝒔𝒔𝜴𝜴𝒔𝒔 + 𝜸𝜸𝒄𝒄𝜴𝜴𝒄𝒄 
 
8. and the final corrected wind speed value W𝑡𝑡 is: 
 

𝑾𝑾𝒕𝒕 =  𝑾𝑾𝒘𝒘𝑾𝑾 
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RESULTS 
computational time 
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RESULTS 
wind field error 

  MEAN NRMSE [-] 

  Upper Po 0-300 300-1000  > 1000 

Thiessen 0,873 0,447 0,748 1,151 

IDW 0,669 0,390 0,595 0,853 

MicroMet 0,674 0,414 0,603 0,842 

𝑁𝑁𝑅𝑅𝑁𝑁𝑁𝑁𝐸𝐸 =

1
𝑛𝑛∑ 𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑚𝑚� 2𝑛𝑛

𝑚𝑚=1

1
𝑛𝑛∑ 𝑥𝑥𝑚𝑚�𝑛𝑛

𝑚𝑚=1

 

  MEAN RBIAS[-] 

  Upper Po 0-300 300-1000  > 1000 

Thiessen 0,122 -0,027 0,076 0,290 

IDW 0,060 -0,026 0,069 0,161 

MicroMet -0,093 -0,122 -0,104 -0,052 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑁𝑁 =
1
𝑛𝑛�

𝑥𝑥𝑚𝑚 − 𝑥𝑥�𝑚𝑚
𝑥𝑥�𝑚𝑚

𝑛𝑛

𝑚𝑚=1
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RESULTS 
potential evapotranspiration error 

  ERROR PET cumulated [%] 

  Upepr Po 0-300 300-1000  > 1000 

Thiessen 1,5% -0,8% -1,0% 7,9% 

IDS 1,6% -0,4% 0,2% 6,1% 

MicroMet -5,7% -5,4% -8,4% -2,0% 

> 1000 < 300  
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CONCLUSIONS 

1. The Micromet method that interpolates wind data considering topographic 
feautures requires a computational time that is  50% greater than Thiessen or 
IDW 

2. On wind speed interpolation, the Micromet  method presents more accuracy 
than thiessen or IDW only in high altitude areas, where topography plays an 
important role. In low altitude areas Thiessen and IDW perform better than 
Micromet. The Micromet presents a systematic underestimation of wind 
speed. 

3. When wind field is used for estimating potential evapotranspiration, the use 
of Micromet is justified only on high altitude areas, but a systematic 
underestimation of evapotranspiration, direct consequence of wind speed 
underestimation, is present. 
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THANK YOU FOR YOUR 
ATTENTION 

giovanni.ravazzani@polimi.it 
 

This presentation will be soon available on 
www.ravazzani.it  
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