
RESEARCH POSTER PRESENTATION DESIGN © 2012 

www.PosterPresentations.com 

(—THIS SIDEBAR DOES NOT PRINT—) 
DESIGN GUIDE 

 
This PowerPoint 2007 template produces a 48”x48” 
presentation poster. You can use it to create your research 
poster and save valuable time placing titles, subtitles, text, 
and graphics.  
 
We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. To view our template tutorials, go 
online to PosterPresentations.com and click on HELP DESK. 
 
When you are ready to print your poster, go online to 
PosterPresentations.com 
 
Need assistance? Call us at 1.510.649.3001 
 

 

QUICK START 
 

Zoom in and out 
As you work on your poster zoom in and out to the level that is 
more comfortable to you. Go to VIEW > ZOOM. 
 

Title, Authors, and Affiliations 
Start designing your poster by adding the title, the names of the 
authors, and the affiliated institutions. You can type or paste text 
into the provided boxes. The template will automatically adjust the 
size of your text to fit the title box. You can manually override this 
feature and change the size of your text.  
 
TIP: The font size of your title should be bigger than your name(s) 
and institution name(s). 
 
 
 

 
 

Adding Logos / Seals 
Most often, logos are added on each side of the title. You can insert 
a logo by dragging and dropping it from your desktop, copy and 
paste or by going to INSERT > PICTURES. Logos taken from web sites 
are likely to be low quality when printed. Zoom it at 100% to see 
what the logo will look like on the final poster and make any 
necessary adjustments.   
 
TIP: See if your school’s logo is available on our free poster 
templates page. 
 

Photographs / Graphics 
You can add images by dragging and dropping from your desktop, 
copy and paste, or by going to INSERT > PICTURES. Resize images 
proportionally by holding down the SHIFT key and dragging one of 
the corner handles. For a professional-looking poster, do not distort 
your images by enlarging them disproportionally. 
 

 
 
 
 
 
 
 
 
 

Image Quality Check 
Zoom in and look at your images at 100% magnification. If they look 
good they will print well. If they are blurry or pixelated, you will 
need to replace it with an image that is at a high-resolution. 

ORIGINAL	
   DISTORTED	
  

Corner	
  handles	
  

Go
od

	
  p
rin

/n
g	
  
qu

al
ity

	
  

Ba
d	
  
pr
in
/n

g	
  
qu

al
ity

	
  

QUICK START (cont.) 
 

How to change the template color theme 
You can easily change the color theme of your poster by going to the 
DESIGN menu, click on COLORS, and choose the color theme of your 
choice. You can also create your own color theme. 
 
 
 
 
 
 
 
 
 
You can also manually change the color of your background by going 
to VIEW > SLIDE MASTER.  After you finish working on the master be 
sure to go to VIEW > NORMAL to continue working on your poster. 
 

How to add Text 
The template comes with a number of pre-formatted placeholders 
for headers and text blocks. You can add more blocks by copying 
and pasting the existing ones or by adding a text box from the HOME 
menu.  
 

 Text size 
Adjust the size of your text based on how much content you have to 
present. The default template text offers a good starting point. 
Follow the conference requirements. 
 

How to add Tables 
To add a table from scratch go to the INSERT menu and  
click on TABLE. A drop-down box will help you select 
rows and columns.  

You can also copy and a paste a table from Word or another 
PowerPoint document. A pasted table may need to be re-formatted 
by RIGHT-CLICK > FORMAT SHAPE, TEXT BOX, Margins. 
 

Graphs / Charts 
You can simply copy and paste charts and graphs from Excel or 
Word. Some reformatting may be required depending on how the 
original document has been created. 
 

How to change the column configuration 
RIGHT-CLICK on the poster background and select LAYOUT to see 
the column options available for this template. The poster columns 
can also be customized on the Master. VIEW > MASTER. 

 
How to remove the info bars 

If you are working in PowerPoint for Windows and have finished your 
poster, save as PDF and the bars will not be included. You can also 
delete them by going to VIEW > MASTER. On the Mac adjust the 
Page-Setup to match the Page-Setup in PowerPoint before you 
create a PDF. You can also delete them from the Slide Master. 
 

Save your work 
Save your template as a PowerPoint document. For printing, save as 
PowerPoint of “Print-quality” PDF. 
 

Print your poster 
When you are ready to have your poster printed go online to 
PosterPresentations.com and click on the “Order Your Poster” 
button. Choose the poster type the best suits your needs and submit 
your order. If you submit a PowerPoint document you will be 
receiving a PDF proof for your approval prior to printing. If your 
order is placed and paid for before noon, Pacific, Monday through 
Friday, your order will ship out that same day. Next day, Second 
day, Third day, and Free Ground services are offered. Go to 
PosterPresentations.com for more information. 
 

Student discounts are available on our Facebook page. 
Go to PosterPresentations.com and click on the FB icon.  

©	
  2013	
  PosterPresenta/ons.com	
  
	
  	
  	
  	
  2117	
  Fourth	
  Street	
  ,	
  Unit	
  C	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  Berkeley	
  CA	
  94710	
  
	
  	
  	
  	
  posterpresenter@gmail.com	
  

Considering that the difference between MOS and GMOS is only the sophistication 
of the horizontal interpolation scheme to take into account the sub-grid scale 
topographic interactions with the flow, the significant performance differences 
between these two observation operators are essentially due to the reduction of 
representativeness errors by the geo-referenced statistical correction.  

Ψ)-)
z
zln( (

k
u)U(H

0

*=

( ) BXA)X(H iih +⋅=∑
i

)zzln(
)U-k(Uu

12

12
* =

)U-(U
))zzln( U-)zzln( (UΨ

12

021012=

To make appropriate comparisons between observations and model variables, the 
observation operator developed in this work involves vertical and horizontal 
operators: H(x)=Hh(Hv(x)). 
1.   Vertical operator 

Forecast outputs are vertically interpolated to the instrument height based on 
Monin Obukhov similitude theory. As temperature stratification and heat fluxes at 
the surface have an important impact on vertical wind profiles, flow stability 
properties derived from predicted meteorological variables are integrated in the 
interpolation. As proposed by Bédard (2010), the dimensionless stability function 
is considered constant in height and is approximated using wind intensity 
forecasts (U1 and U2) from the model levels above (z2) and below (z1) the 
observation. The flow stability correction term for momentum (ψ) is integrated 
in the logarithmic vertical interpolation to estimate the anemometer level wind 
speed (see equations 1-3), thus replacing the usual vertical linear interpolation. 

RESULTS	
  

Hourly wind power prediction plays a key role in the integration of wind power in 
energy production networks comprising different energy sources. The ability to 
predict hourly wind power up to a 48h lead time relies on accurate Numerical 
Weather Predictions (NWP) of near-surface winds. Although increasing the 
resolution of the NWP model helps to improve the forecasting skill in the lower 
troposphere, the main sources of forecast errors are still the analyses inaccuracy 
due to the limited number of near-surface wind observations assimilated, the 
atmospheric boundary layer modeling, and the growth of large-scale phase and 
amplitude errors in the analyses. 

INTRODUCTION	
  

The main objective of this project is to improve lower tropospheric analyses by 
assimilating near-surface wind observations from 80m anemometric wind farm 
towers, as well as 10m wind observations from operational surface stations in the 
hybrid ensemble variational data assimilation system (EnVar) developed at 
Environment Canada. To achieve this, it is necessary to:  

1)  Examine the EnVar background error covariances and evaluate near-surface 
flow correlation with the upper air atmosphere;  

2)  Develop an observation operator which includes a statistical 
representativeness error correction; 

3)  Validate the method whereby observation system experiments (OSEs) are 
performed using near-surface wind observations and verified against non-
assimilated collocated radiosondes to assess the quality of corrections. 

OBJECTIVES	
  

OBSERVATION	
  OPERATOR	
  

FUTURE	
  WORK	
  
In future work, the method will be validated by performing and verifying OSEs 
using collocated near-surface wind and radiosonde observations. 
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The background error statistics used in EnVar 
compr i s e a s t a t i ona r y homogenou s 
component, as in a 3D-Var, and a flow 
dependent component from an Ensemble 
Kalman Filter (EnKF). The examination of the 
error statistics (Figure 1) shows that the 
vertical structures of mean variances from the 
stationary homogenous (NMC) and EnKF 
components differ near the surface where the 
EnKF underestimates the wind, temperature 
and surface pressure variances. This can be 
attributed to the fact that the surface 
analyses are currently not perturbed in the 
EnKF. This finding indicates that near-surface 
observations have a smaller impact on 
analyses using the EnKF statistics. 
 

BACKGROUND	
  ERROR	
  STATISTICS	
  

Finally, Figure 5 shows that the NMC 
wind correlations have a greater 
propagation in the vertical than 
temperature (EnKF covariances show 
similar behaviour (not shown)). This 
indicates that near-surface wind 
observations have a larger impact on 
analyses than near-surface tempera-
ture observations. 

This study also reveals that the EnKF background error covariances are sensitive 
to ensemble size. Figure 3 shows that, even when using 192 members, 
localization is still needed to remove spurious long-distance error correlations, 
especially over complex terrain.  

 
 
 
 

Figure 4 (top) shows that the EnKF can capture dynamic features (e.g. coherent 
tilted increments associated with baroclinic structures) and the temporal correla-
tions enable the increments to evolve with the meteorological system (not 
shown). The cross-correlations are also more pronounced in the EnKF error 
statistics (bottom) and thus, its multivariate impact for single near-surface 
observation is significantly higher in the vertical for all prognostic variables. 

    

    

Figure 1: vertical profiles of the zonal wind variances from the NMC and EnKF methods (January 
2011). For comparative purpose, the NMC error statistics are scaled by a factor of 0.6. 

Figure 2: Vertical correlations length for zonal winds over land during July - August 2011. 

Figure 3: horizontal view of the near-surface zonal wind analysis increment for a 1m/s wind 
innovation during a high pressure system over Oklahoma (USA). From left to right, the panels 

show the results for 24, 48, 96 and 192 ensemble members. 

Figure 4: zonal cross section of the near-surface zonal wind (above) and temperature (below) 
analysis increments for a 1m/s wind innovation (low pressure system over the Atlantic Ocean). 

Results from NMC (left) and EnKF (right) error covariances are presented. 

Figure 6: MOS and GMOS RMSE improvement scores (relative to Bilinear) using different 
configurations (from 2x2 to 5x5 grid points) as a function of the size of the training dataset. 

Training RMSE BIAS STD AMPLITUDE RESIDUAL 

Bilinear 2.42 1.04 2.08 0.81 1.90 

Bilinear+MOS 1.74 0.00 1.74 0.80 1.48 

GMOS(2x2) 1.65 0.00 1.65 0.69 1.45 

GMOS(3x3) 1.59 0.00 1.59 0.63 1.42 

GMOS(4x4) 1.56 0.00 1.56 0.59 1.41 

GMOS(5x5) 1.53 0.00 1.53 0.56 1.40 

Validation RMSE BIAS STD AMPLITUDE RESIDUAL 

Bilinear 2.42 1.15 2.04 0.79 1.86 

Bilinear+MOS 1.76 0.32 1.73 0.84 1.46 

GMOS(2x2) 1.68 0.29 1.66 0.73 1.45 

GMOS(3x3) 1.64 0.25 1.62 0.67 1.44 

GMOS(4x4) 1.63 0.25 1.61 0.63 1.45 

GMOS(5x5) 1.63 0.25 1.60 0.61 1.46 

The evaluation of near-surface flow correlation with the upper air atmosphere 
reveals that the vertical structure of EnKF error correlations depends on local 
atmospheric stability. Indeed, Figure 2 shows that the EnKF vertical correlation 
length depends on the bulk Richardson number. 

Figure 5: vertical profile of the NMC correlations for zonal wind and temperature.  

increases with the number of grid-
points used. However, when validating 
with an independent dataset (Table 1 
(right)), GMOS performances saturate 
when using a 4x4 grid-points confi-
guration. However, Figure 6 shows that 
this configuration is robust even when 
using a small training dataset (e.g. 1 or 
2 months of data). 

On the other hand, GMOS considerably reduces the bias and both STD components 
(amplitude and residual errors) that can be attributed to representativeness 
errors. From Table 1 (left), GMOS skill 
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On the other hand, the wind direction is considered to vary linearly with height, 
as observed when analysing observations from tall wind farm towers. 
2.   Horizontal operator 
Methods using multiple regressions can be used to reduce forecast errors as is 
done in model output statistics (MOS) methods. Over complex terrains where 
topographic features are not well resolved by the model, horizontal interpolation 
methods (e.g. bilinear interpolation) can be replaced by using geo-referenced 
weights assigned to the surrounding NWP grid points (Bédard et al., 2012). This 
Geophysical MOS (GMOS) is a multi-point linear regression where the horizontal 
interpolation is expressed as: 

 (4) 

where the predictors here are the zonal or meridional wind components at 
surrounding grid points, Xi, and Ai are the weights obtained from multiple 
regressions while B is a bias correction. The latter could be viewed as a static 
observation bias correction. 

The forecast RMSE is decomposed into bias, amplitude (difference between 
forecasted and measured variability) and residual components (random errors): 
see equation 5. Overall from Table 1, MOS reduces the bias and slightly reduces 
the STD. As it is trained by minimizing the entire RMSE, MOS struggles to reduce 
both the amplitude and residual errors: it sometime smoothes the forecast to 
limit high residual errors, and thus degrades amplitude errors.  

 RMSE2 = Bias2 + STD2 = Bias2 + Amplitude2 + Residual2  (5) 

Table 1: Zonal wind error characteristics (m/s) using different observation operators for tall 
anemometer towers. Left (right) panel show results using the training (validation) dataset. 


