
CIGRE TF12.6 (B2) “Selection of Weather Assumptions for Overhead Line Ratings”   
Meeting in Ljubljana, Slovenia - April 20, 2004 

 
 

Status report of data collections from weather and/or rating measurements 
in actual transmission line environments 

 
Tapani Seppa & Afshin Salehian, The Valley Group, Inc. 

 
The objective of this report is to provide a selection of rating observations for CIGRE TF 12.6 (B2) 
for considerations regarding Task 1 of the planned brochure.  The conclusions are presented for 
purposes of discussion and verification by the observations and knowledge of the Task Force 
members. 
 

1. Methodology 
 
The objective of this study is to find the validity and reliability of representing the rating conditions of 
a transmission line by a limited number of measurements of weather and related parameters.  The task 
can be divided into the following relationships: 
 

- The rating of a complete transmission line compared to the rating of a single line 
section; 

- The rating of a line section based on weather observations at a single location; 
- The variability of ratings along a line, based on variability of weather. 

 
2. Wind measurements in transmission corridors  

 
2.1. Observations in the U.S., single observation sites 
 
We have analyzed data from several sites in the U.S, based on summer weather data collected by 
Power Delivery Consultants, Inc., Power Technologies, Inc. and The Valley Group, Inc. in 
transmission line rating projects.  To make this data uniform, we calculated the ratings for each site 
from the wind observations only, assuming that in each location the other assumed rating parameters 
were 38 0C ambient, full sun, emissivity and absorptivity of 0.8, with ACSR “Drake” conductor rated 
at a maximum temperature of 100 0C.  We also assumed that the wind direction was uniformly at 45 
degrees to the conductor.  The results are depicted in Figure 1, together with lines representing wind 
assumptions of 0.61 m/s at 45 degree angle, 0.61 m/s perpendicular, 0.92 m/s perpendicular, and 1.4 
m/s perpendicular - this range representing ratings assumed by different utilities in the U.S. 
 
The selected sites were in widely different locations with varying terrains, including: 
 
- Arizona - open, desert terrain; 
- Southern California - near Pacific shoreline; 
- Colorado - in sparsely vegetated rolling prairie; 
- Idaho - on a high plateau with ridges; 
- Two sites in Illinois - in relatively flat terrain with partial tree cover; 
- Massachusetts - largely sheltered by trees; 
- Pennsylvania - in a wide right-of way but with trees along the edges; 
- Utah - in a mountain valley 
 



The data indicates that even a 0.61 m/s perpendicular wind represents definite although small risks in 
essentially all locations.  The 0.92 m/sec assumption represented risk levels between 1% and 12% at 
all of the sites.  Such risk levels can be considered to represent the risks for each line section of a 
transmission line in the respective locations.  As discussed later, the variability of wind along the 
whole line must also be taken into account. 
 
2.2. Observations in the U.S. - Lines with several weather sites in the transmission corridor 
 
In the tables below, “distance” means the distance between the weather observation sites. 
 
2.2.1. Colorado 
 
Sites             Distance                 Terrain 
 2     8 km                Rolling, suburban buildings, sparse trees 
 
Conductor  Voltage  Design Temperature          Time 
ACSR "Tern"  230 kV  100°C                                  June 1997 
 
This line is northeast of Denver.  The terrain is rolling, with some suburban buildings and sparse trees 
near both sites.  Figure 2 shows the probability of occurrence of low wind speeds at both sites and the 
probability of the minimum of the two measurements.  Note that while a less than 2 ft/sec (0.61 m/s) 
has probabilities of 2% at site 1 and 4% at site 2, the combined probability of having a wind less than 
that value is about 6%.  Similarly, for 3 ft/sec (0.91 m/s) wind the values are 5%, 7%, and 12%, 
respectively.   
 
The results clearly indicate that low speed wind occurrences even at relatively nearby sites have little 
or no correlation.  Essentially, low wind speed values are independent of each other. 
 
2.2.2. Pennsylvania I 
 
Sites                            Distance  Terrain 1   
  2              2 km  Flat, trees at 50-70 m   
 
Terrain 2 
Top of a sleep slope, one side shielded by trees at 50 m distance 
 
Conductor     Voltage Design Temperature                Time 
ACSR "Mallard"    230 kV     100°C                                 July-August 1995 
 
 
This line is close to Philadelphia, Pennsylvania.  Unit 1 is in flat terrain, with a distance to the nearest 
trees of 50-70 m.  Unit 2 is at a location where the terrain starts in a steep slope south towards a 
suburban/industrial area, while the line corridor north of the structure is shielded on both sides by 
trees about 50 m from the line.  Figure 3 shows that the risks of low winds are rather similar during 
summer daytime and that the risks are relatively low - the combined risk of less than 0.61 m/sec wind 
being about 3%.  On the other hand, the nighttime wind characteristics at the two sites are very 
different.  The risk level of low wind speeds for site 1 is threefold compared to site 2.  At night, the 
combined risk of winds of less than 0.3 m/s is about 10%. See Figures 4A and 4B. 
 
 



 
2.2.3. Arizona  
 
Sites                     Distance        Terrain   
3           3 at 20 km line        1&2 in desert, 3 on ridge 15-20 m high   
Conductor              Voltage                    Design Temperature Time 
ACSR “Tern”        230 kV                    92°C   July 1997 
 
There were three monitoring sites along this 20 km long 230 kV line.  The terrain is desert, with 
essentially no vegetation.  Sites 1 and 2 are in relatively flat terrain with low surrounding ridges.  Site 
3 is at a top of a low ridge, about 15-20 m above the surrounding terrain.   
 
Figure 5 shows that the risk of less than 0.6 m/s wind at two of the three sites is quite high, but at site 
3 the risk is substantially lower than at sites 1 and 2.  This shows the danger of relying on wind data 
from a single site to judge the overall thermal risks of a line.  Figure 6 divides the data into daytime 
vs. nighttime risks (of minimum wind).  Note that the daytime risk of wind being less than 0.6 m/s is 
about 5%, but at nighttime this risk increases to over 20%. Because of this, the utility has decided to 
assume lower wind speeds for their nighttime ratings. 
  
2.3. Observations from other countries 
 
2.3.1. STRI 
 
Sites                                Distance  Terrain 1   
1         ---               Mountain valley   
 
Conductor      Voltage                Time 
N/A                  N.A      Summer/Fall 2003 
 
 
STRI has collected weather data from four sites in Sweden and Norway.  We have done some 
preliminary analysis of the data.  An example of the wind speed observations from Southern Norway 
at 4 m height is shown in Figure 7.  It indicates that low wind speeds have fairly little seasonal 
variation.  If this is generally true, it means that for line rating purposes, a full annual data collection 
cycle is not necessary.  Note also that wind speeds of less than 0.5 m/s have a significant probability. 
 
The same site also has simultaneous ambient temperature data.  It is interesting to look at the 
correlation of ambient temperature and wind speed (July and August only).  This is shown in Figure 
8.  Note that when temperatures are above 25 0C, wind speeds are generally above 0.6 m/sec.  Similar 
observations are common in most places in the United States. 
 
 
2.3.2. Polish National Grid 
 
Sites                               Distance Terrain 1   
  2             30 km  Farmland, partially covered by trees   
 
Conductor      Voltage Design Temperature       Time 
ACSR 525 mm2        220 kV  N/A         June 2001 
 



There are two monitoring sites, approximately 40 km apart.  The wind speed probabilities at the two 
sites and the minimum of the two simultaneous wind speeds are shown in Figure 9. 
 
Note that the probability of wind speeds at both sites is roughly similar, with the probability of wind 
speed being less than 0.6 m/s wind speed between 5 and 10%.  On the other hand, the probability that 
the wind speed is less than 0.5 m/s at at least one site is about 20%. 
 
3. Rating studies with tension monitors  
 
Rating studies with tension monitors are presented in the following cases by line section.  In most 
cases, each monitor has two load cells, monitoring the line in two directions.  In each case, the ratings 
are calculated for the utility’s own design temperature.  The reference ratings are shown for different 
wind speed assumptions.  Because all real time monitors require a reasonably high line load to be 
accurate, low load cases have been filtered out of the data.  All presented cases represent lines where 
typical line loads are fairly high, i.e. 30-80% of static ratings.  Because ratings based on conductor 
tension represent average conditions over a multi-span line section, the data is generally less 
“bouncy” and extreme conditions caused by strictly local calm conditions are smoothed out. 
 
Some of the data is shown in the format of “rating at a time of day”.  These Figures (e.g. Figures 11 
and 12) show the median ratings at a given hour of the day, as well as the lowest rating observed at 
that time.   
 
3.1. California, San Francisco Bay area 
 
Sites/Line sections        Distance Terrain 1          Terrain 2 
  2/3                          15 km              Parallel to shore          Perpendicular to shore  
 
Conductor             Voltage          Design Temperature       Time 
ACSR "Cardinal"          230 kV           80°C                                May 2001 
 
This line crosses San Francisco Bay.  Unit 1 is located at the west side of the bay, with both ports 
monitoring line sections in a N-S direction parallel to the shore.  Unit 2 has one load cell, on a line 
section in an E-W direction, roughly perpendicular to the shoreline along the east side of the bay.  
The monitoring results for May 2001 are shown in Figure 10. 
   
Note that the ratings indicate that wind speeds at the monitored line sections are relatively high, as 
can be expected for shoreline locations.  All rating distributions are fairly similar.  Note that the local 
risks of effective wind speeds less than 0.6 m/s are 1% or lower and that the combined risk for all 
three sections is about 2%.  Similarly, for 0.9 m/s, the individual risks are 2-3%, with a combined risk 
of about 6%. 
 
Figures 11 and 12 depict the effect of the somewhat different daily variation of the wind conditions at 
the two sites.  Figure 11 shows that the risks of low wind speeds at Unit 1 are highest during late 
morning hours, between 10:00 and 12:00.   Figure 12 shows the daily risk profile at Unit 2.  Note that 
the highest risks occur in the afternoon, between 13:00 and 17:00.  This observation indicates the 
need to consider the effect of local geography on ratings assumptions, as well as the need to take the 
geographic effects into account when considering real time monitoring.  Note similar observations 
discussed under 2.2.2 and 2.2.3. 
 
 



 
3.2. Wisconsin 
 
Sites/Line Sections      Distance         Terrain 1                          Terrain 2 
  2/4                          5 km        Suburban, some trees         Suburban, close to 
        lakeshore  
Conductor                     Voltage        Design Temperature       Time 
Penguin (4/0 ACSR 6/1)       138 kV        93°C   June 2002 
 
There are two monitoring sites on a relatively short line near Green Bay, Wisconsin, each monitoring 
a line in two directions.  Unit 2 is close to shore of a large lake, while Unit 1 is further from the shore.  
The effect of the different locations can be seen in Figure 13, where the ratings of both ports of Unit 2 
generally provide more favorable ratings.  Note that the risks represented by 0.6 m/s wind speeds are 
essentially nil.  The 0.9 m/sec assumption represents individual risk levels of 0.5-1.5%, with a 
combined risk of 2.5%.   
 
3.3. Pennsylvania II 
 
Sites/Line Sections       Distance           Terrain 1                Terrain 2 
  2/4                               15 km            Farmland, some trees       Suburban, top of       
                                                                                                           the hill  
Conductor              Voltage        Design Temperature            Time 
ACSR Drake    230 kV        160°C                      August 2001    
 
There are two monitoring sites along this line in Northern Pennsylvania, each monitoring two line 
sections.  The terrain is partially covered by trees and suburban, rolling hills.  Unit 1 is located on a 
20 0 angle at the side of a hill while Unit 2 is at a 40 0 angle in flat terrain.  The line is heavily loaded, 
and conductor temperatures occasionally exceeded 100 0 C during data collection.  Data is shown in 
Figure 14. 
 
At this site, an assumption of 0.6 m/s represents a rather negligible risk.  Individual line section risks 
for a 0.9 m/sec assumption vary from 0 to 3%, with a combined risk of 5%. 
 
3.4. Kansas 
 
Sites/Line sections       Distance       Terrain 1         Terrain 2  
  2/4               20 km          Rolling, trees and        Rolling, trees and   

                                              farmland                      farmland                           
Conductor            Voltage       Design Temperature   Time 
ACSR 2xRail           345 kV       100°C                           August 2003 
 
 
This 345 kV line has a twin conductor bundle (although the line ratings are shown per conductor).  
The terrain is rolling, partially covered by trees, partially farmland.   
 
Figure 15 shows that, assuming 0.61 m/sec, the thermal risks of the ratings are very low.  On the other 
hand, the risks using ratings based on 0.9 m/s wind are moderate, ranging from 1-7% for individual 
line sections and 18% for the minimum value of the four line sections. 
 



During August 2003, this line was successfully operated above its static rating limit which is based on 
0.61 m/s assumption, for more than 100 hours by using real time ratings.  The reason for the success 
is shown in Figure 16, showing the daily ratings profile at one of the sites in August.  Note that while 
there is a substantial risk of low rating conditions during daytime, the median rating conditions are 
much higher.  In this particular case, this allowed the utility to take advantage of such conditions, 
while the real time monitoring provided deterministic safety against the low wind conditions. 
 
3.5. Belgium 
 
Sites/Line Sections       Distance                  Terrains 1-3                           
  3/5                                20+10 km               Farmland and villages 
 
Conductor               Voltage       Design Temperature           Time 
ACSR 2x594 mm2    380 kV       75°C                                    July 2002        
 
 
This line has three monitoring sites, although data was only collected from 5 of 6 line sections during 
the recording period.  The line is quite heavily loaded, and subconductor currents occasionally 
exceeded 800 A (1.35 A/mm2).  Because of a varying amount of trees and buildings, different line 
sections have different amounts of sheltering.  Note that two line sections are substantially more 
critical than others, having risks of 5-7% for effective wind speeds of less than 0.6 m/s.  The 
combined risk of effective wind speeds of less than 0.6 m/s is about 11%.   
 
It is also of interest that in spite of seemingly similar terrains, the time of highest thermal risk differs 
between the three monitoring sites.  At one of the sites the critical rating conditions occurs during 
morning hours (8-11), at the second one during the afternoon (12-18), while at the third one such 
conditions can occur during most daylight hours (9-19). 
 
4. Observations, recommendations for TF 12.6 (B2) and questions  
 
The above data can be examined for the purpose of selection of weather variables for deterministic  
ratings.  Deterministic ratings require that the transmission lines meet their clearance and other safety 
requirements under all expected operating conditions.  With continuing increase increases in line 
loads, ampacity selection is becoming an increasingly critical issue.  Based on the data above, we 
propose the following  observations and recommendations for discussion and verification by the Task 
Force: 
 

4.1. Wind speed 
 
Median and average wind speeds vary significantly from one observation site to another.  On the 
other hand, the lowest observed wind speeds, averaged for time intervals which are of the same 
magnitude as typical conductor time constants (10-15 minutes) seem to be about 0.5-0.6 m/sec during 
the day and 0.2-0.4 m/s at night.  This observation can be made rather uniformly at all of the sites 
discussed above.   
 
It appears that low speed wind conditions are determined by local micrometeorological conditions 
along the transmission corridor and have little correlation with macrometeorological phenomena.  
When wind speeds are low, the determining factors appear to be local terrain, sheltering of the line, 
and temperature differences in the vicinity of the line. 
 



4.2. Wind direction 
 
When wind speeds are low, winds appear to be rather non-directional.  This is especially true during 
daytime conditions and in hot and sunny weather.  Even when wind speed is higher, there appears to 
be very little correlation between wind directions measured at locations even a few spans apart.  At 
nighttime, winds are often more laminar and subsequently more directional. 
 
The above observations indicate that for static rating purposes, the observed low wind speed can be 
assumed to be at a 45O angle of incidence to the line for daytime conditions.  If separate ratings are 
used for nighttime, the observed low wind should be assumed to be at an incidence angle of no more 
than 25O.  If observed weather values are used for real time ratings, the angle of incidence should be 
limited to 20-25O. 
 

4.3. Effect of line length 
 
Studies of wind measurements at sites along the line, as well as rating studies using real time rating 
systems, indicate that observations from a single site are not appropriate for determining the risk of a 
long line.  The risk probabilities of a given low effective wind speed for a 10-50 km long line appear 
to be at least two and more commonly three times that of a single observation site.  This would 
indicate that low wind speed occurrences are essentially random variables, with no correlation 
between sites along the line. 
 

4.4. Annual variability of the wind 
 
It is known that the median wind conditions can vary significantly annually and that the median 
values of wind speed can vary significantly even between monthly statistics.  On the other hand, the 
observations tend to indicate that risks of low wind speeds vary much less during subsequent months.  
Annual variability is most marked at such locations where seasonal foliage changes are significant.  
For statistical purposes, wind data should be collected at least during one winter and one summer 
month, although a full annual set of data would be preferable.  It is unlikely that multi-year data 
collection would show any substantial differences in the occurrence of the critical low speed wind 
probabilities.   
 

4.5. Correlation between wind and other weather variables 
 
The probability of low wind speed occurrences is significantly reduced when ambient temperatures 
and solar radiation are high.  Under such conditions, effective wind speeds of less than 0.9 m/sec 
seem to have an extremely low probability.   
 
If the transmission line is templated to a temperature over 70 0C, it should be noted that the combined 
effect of reducing ambient temperature and solar radiation generally has a lesser effect on the ratings 
than that of an increase in wind velocity.  For lines templated to lower temperatures, the effect is 
likely to be opposite.  In selection of weather parameters for ratings, a careful study must be made for 
determining the lowest likely rating conditions, based on the coincidence of these three variables. 
 
 
5. Comparison of techniques to select weather parameters for static deterministic ratings  
 
For selection of weather parameters for static deterministic ratings, the most important task is to 
identify the most critical rating conditions, i.e. the coincidence of low wind speeds, high 
temperatures, and solar radiation, in a way that represents the average cooling conditions and the 



clearances over a line section.  For the authors of this report, it appears that the technical preferences 
should be in the following order: 
 

1. Measurement of average conductor temperatures along several line sections.  Data must also 
include ambient temperature and the effect of solar radiation.  This can be done by tension or 
sag measurements or by using distributed fiberoptic sensors.  Such measurements average all 
relevant weather- and conductor-related variables in the optimal manner.   

2. Measurement of local conductor temperatures at several sites.  To identify the effect of spatial 
variability, more sites are required for a given confidence level than with the method 1. 
above.  As with method 1., ambient temperature and solar radiation must also be measured.  
When this data is evaluated, the risk assessment must also include evaluation of conductor 
sags vs. temperature. 

3. Simultaneous measurement of wind speed, ambient temperature, and solar radiation for at 
least two locations along the transmission corridor.  Because low speed wind directions are 
extremely variable, wind direction data is generally not very useful.  When applying this type 
of weather data for rating purposes, the effect of unknown conductor properties (emissivity, 
absorptivity, sag/temperature properties, etc.) should be treated very conservatively. 

 
 
 



 
 



 
 
 
 

 
 



 
 
 

 
 
 



 
 
 

 
 
 



 
 
 
 

 
 



 
 
 

 
 
 



 
 
 

 
 
 



 
 
 
 

 
 



 
 
 
 

 
 



 


