ATMO 336 – Homework #2

500 mb map analysis and forecasting

Due in class on Wednesday, February 4
In this assignment you will first describe the general 500 mb height pattern in the vicinity of the continental United States that is forecasted for 4, 7, and 10 days into the future by two different weather forecast models, the American GFS model and the European Union ECMWF model. You will also make more specific forecasts of temperature and precipitation chances in Tucson based on the model forecasts. Later you will examine the accuracy of the forecasts from each model by comparing the forecasted 500 mb height pattern with the actual 500 mb pattern for each of the forecast days. The actual 500 mb height pattern (verification map) for each forecast day are based on measurements of the 500 mb height, not a model forecast.  This exercise will serve as a practical example of how the accuracy of model forecasts degrades over time. Your homework must by typed … handwritten homework will not be accepted. Your submitted homework must follow the format guidelines provided below. You will understand how to fill in the required answers after reading the rest of the assignment instructions. A template is provided at the end of this document. Please just fill in answers for each part. DO NOT INCLUDE any part of these instructions in your submission other than the template.

The maps for this assignment are available as links on the homework page

http://www.atmo.arizona.edu/courses/spring15/atmo336/lectures/500mbmaps.html
The middle table contains forecasts from two different weather forecast models, as well as a comparison map of the forecasts for 96 hours and 168 hours, but not 240 hours. All of the thumbnail maps were taken from the San Jose State Model Graphics Pages, except for the 10 day ECMWF forecast map, which is not available on their pages. The forecasts were initialized (started) at 00Z on Thursday, January 22, 2015. The 96 hour (4 day) forecast is valid for 00Z on Monday, January 26. The 168 hour (7 day) forecast is valid for 00 Z on Thursday, January 29. The 240 hour (10 day) forecast is valid for 00 Z on Sunday, February 1. All of the forecast maps are available immediately. Once each of the forecast times passes, the verification 500 mb height maps will be made available in the lower table.

Format Guidelines. You must divide your answers for this homework into 4 main sections (3 map analysis sections and 1 summary section). The map analysis sections have 6 parts each. Please use the answer template at end of instructions. You should be able to cut and paste the template into your homework document and then just type your answers below each bold instruction in the template. The template gives you suggested answers for parts 1-4 of section 3 to provide an example of the type of write-up expected.
Specific Instructions. 
For part 1 of sections 1-3, you are expected analyze the GFS forecast maps by pointing out and locating significant features in the 500 mb height pattern for the continental United States and nearby coastal waters. You do not need to identify features that are not relevant to weather conditions for the continental US.  You should identify and locate significant features like troughs, ridges, closed lows and closed highs, if they exist. If you are able, you can say something about the relative strength of the ridges and troughs. You can look at how much 500 mb heights are above or below average by comparing the forecast map with the average 500 mb height for the month of January and February, which are also provided on the maps page listed above. Try to point out regions of significantly above or below average 500 mb heights (and therefore significantly above or below average temperatures). The shape of a trough can tell you something about its strength (as discussed in the reading notes). You may also want to use terms like “zonal pattern” or “amplified pattern” to describe the forecasted 500 mb height pattern. When looking at the maps, concentrate on the 500 mb height contours and ignore the color shading, which provides information about the air temperature at 500 mb. You can use state names or common geographical names, like great lakes region or pacific northwest or central plains, to locate features. You should not be writing about the 500 mb winds or obscure features in Northern Canada. An example of what is expected is provided for the 10 day forecast in the answer template.
For part 2 of sections 1-3, you are expected to compare the forecasted 500 mb height pattern of the ECMWF model with the GFS model forecast you analyzed in part 1. Point out significant differences between the 500 mb height patterns over the continental US and nearby coastal waters. Look for the 500 mb features you pointed out in part 1. You should compare the positions and relative strengths of the features. If the maps are nearly identical, then that is all you need to say. If not, then point out differences. You can look at the two forecast maps individually (side by side comparison) and you can look at the comparison maps, which plot both forecasts of the 500 mb height pattern on the same map. An example of what is expected is provided for the 10 day forecast in the answer template.
For part 3 of sections 1-3, you need to read (and include in your answer) the 500 mb height that is forecasted for Tucson. You are expected to compare this value to the climatological average 500 mb height, which is 5680 meters for this time of year, to make a temperature forecast of well below average, below average, near average, above average, or well above average. You should also make a precipitation forecast for Tucson based on where Tucson sits in the 500 mb height pattern. The precipitation forecast is simply good chance of rain or no chance of rain. An example of what is expected is provided for the 10 day forecast in the answer template.

For part 4 of sections 1-3, you are expected to repeat the instructions for part 3, but using the ECMWF forecast maps instead of the GFS maps. You need to read and record the forecasted 500 mb height over Tucson and make a temperature and precipitation forecast. An example of what is expected is provided for the 10 day forecast in the answer template.

Parts 1-4 can be done immediately. All of the forecast maps are available on the maps page. You can answer the questions using only the thumbnail maps. Links to maps from other sources are provided in the last column if you would like to look at them. These are based on identical information, so any differences between these maps and the corresponding thumbnails are due to differences in the map plotting and contouring programs used by each source.

Parts 5 and 6 for each section cannot be completed until the verification (or true or actual) maps are available. These maps are based on measurements and thus become available several hours after the forecast time passes. These maps will be placed in the lower table on the maps page.

For part 5 of sections 1-3, you are expected to judge the accuracy of the forecasted 500 mb height patterns for both the GFS and ECMWF models. Here you are judging how good or bad the forecasts from each model actually turned out over the continental US and nearby coastal waters. Look at both the location and relative strength of features that were pointed out in parts 1 and 2. Do these features even show up in the verification maps? Are the features in the right position? It is sometimes helpful to compare the positions of common contour lines, for example, you can compare the pattern of the 5520 meter line on the forecast map with the 5520 meter line on the verification map. Try to make a quick determination as to which forecast turned out better, GFS or ECMWF. You do not need to write more than a paragraph, so point out general differences without going into great detail. Note that for the 10 day forecast, the ECMWF forecast map was obtained from a different source, which plots the contours slightly different than the San Jose State maps. This could make it difficult to judge the accuracy of the ECMWF forecast. A link to a verification map from the other source will be provided.
For part 6 of sections 1-3, you are expected to read (and include in your answer) the 500 mb height over Tucson from the verification map. You should compare this with the forecasts made by each model that you previously recorded: GFS forecast in part 3 and ECMWF forecasts in part 4.  You should also evaluate the precipitation forecast by looking at the true 500 mb height pattern near Tucson and the possibility of rain. Which model, if either, made a better forecast for Tucson?
For Section 4, you are expected to write a summary paragraph based on the following questions: How accurately would a weather forecaster have been able to predict the weather across the United States 4, 7, and 10 days into the future based on the forecasted 500 mb height maps provided?  How did the forecast accuracy change with the length of forecast period? Did one model make significantly better forecasts than the other at 4, 7 and 10 days?
Additional comments

I realize that most of you have never analyzed 500 mb height maps, so this assignment will not be graded harshly. However, you should be able to find the main features in the 500 mb pattern and be able to read and interpret 500 mb height values over Tucson. I encourage you to ask questions about the maps during class. I would like this assignment to be both instructive and “fun” in the sense that you get to look at the accuracy of computer forecasts of the large-scale weather pattern are for 4, 7, and 10 days into the future. At the outset of this assignment, I have no idea about how accurate the forecasts will turn out to be or which, if either model, will turn out to give the more accurate forecasts.

Template

Below is a blank template for how your assignment should be organized. You can copy and paste the lines below into the document you are going to submit. You should fill in answers for parts 1-6 for each map section (sections 1–3) and a summary paragraph for section 4. Suggested answers for parts 1-4 of section 3 (10 day analysis section) are provided for you as examples of the type of answers expected.
Cut and paste the lines below into your homework document.

Section 1. 96 hour forecast (4 day) map analysis

1. Looking at the 96 hour GFS forecast map, describe the 500 mb height pattern over the continental United States making sure to point out and locate significant features.
2. Compare the 96 hour ECMWF forecast map to the 96 hour GFS forecast map that you analyzed in part 1. Make sure to point out significant differences over the continental United States if they exist.
3. Looking at the 96 hour GFS forecast map, write down the forecasted 500 mb height over Tucson and make a temperature and rain chance forecast for Tucson.
4. Looking at the 96 hour ECMWF forecast map, write down the forecasted 500 mb height over Tucson and make a temperature and rain chance forecast for Tucson.
5. Compare the 96 hour forecast maps for both GFS and ECMWF with the verification or true map for the same time. Point out significant differences. Attempt to determine which model forecast was most accurate.
6. Looking at the verification map, write down the 500 mb height over Tucson and compare to the forecasted 500 mb heights made in parts 3 and 4. Also evaluate the rain forecasts made in parts 3 and 4. Which model was more accurate for Tucson?
Section 1. 168 hour forecast (7 day) map analysis

1. Looking at the 168 hour GFS forecast map, describe the 500 mb height pattern over the continental United States making sure to point out and locate significant features.
2. Compare the 168 hour ECMWF forecast map to the 168 hour GFS forecast map that you analyzed in part 1. Make sure to point out significant differences over the continental United States if they exist.
3. Looking at the 168 hour GFS forecast map, write down the forecasted 500 mb height over Tucson and make a temperature and rain chance forecast for Tucson.
4. Looking at the 168 hour ECMWF forecast map, write down the forecasted 500 mb height over Tucson and make a temperature and rain chance forecast for Tucson.
5. Compare the 168 hour forecast maps for both GFS and ECMWF with the verification or true map for the same time. Point out significant differences. Attempt to determine which model forecast was most accurate.
6. Looking at the verification map, write down the 500 mb height over Tucson and compare to the forecasted 500 mb heights made in parts 3 and 4. Also evaluate the rain forecasts made in parts 3 and 4. Which model was more accurate for Tucson?
Section 3. 240 hour forecast (10 day) map analysis

1. Looking at the 240 hour GFS forecast map, describe the 500 mb height pattern over the continental United States making sure to point out and locate significant features.
A 4920 meter closed low is centered just east of James Bay in Canada with a broad trough extending southward into southern TN and NC that covers much of the northeastern quarter of the country. A ridge is located along the northwest Pacific coast extending well into Canada. A closed 5640 low is centered just south of the AZ/NM border with a trough that extends from southern CA into TX.
2. Compare the 240 hour ECMWF forecast map to the 240 hour GFS forecast map that you analyzed in part 1. Make sure to point out significant differences over the continental United States if they exist.
The ECMWF also forecasts a closed low in eastern Canada with a trough extending southward into the eastern United States, however, the trough is deeper and stronger (further south with lower heights [colder air]) in the ECMWF forecast. For example, the 5220 line extends into northern OH, while in the GFS forecast the 5400 lines crosses northern OH. Also note that in the ECMWF forecast, the 5520 meter line bottoms out in SC, while it only extends south to about Washington, DC. The northwest ridge is stronger in the ECMWF forecast with the 5760 meter line in northern WA, compared with 5700 meters in the GFS forecast. The location of the closed low in the southwest is also different. In the ECMWF, the low center is much further west off the central Baja coast and appears to be weaker since the height in the center is not as low as forecasted by the GFS.
3. Looking at the 240 hour GFS forecast map, write down the forecasted 500 mb height over Tucson and make a temperature and rain chance forecast for Tucson.
500 mb height for Tucson is about 5640 meters. This is about 40 meters lower than the average 500 mb height for Tucson in January, so expect moderately below average temperature. Given the location of closed low to the south, there would be a decent chance of precipitation in Tucson at this time.
4. Looking at the 240 hour ECMWF forecast map, write down the forecasted 500 mb height over Tucson and make a temperature and rain chance forecast for Tucson.
500 mb height over Tucson is about 5760 meters, which is about 80 meters above the January average, so expect well above average temperature. There would be a chance of precipitation in Tucson based on the position of the closed low.
5. Compare the 240 hour forecast maps for both GFS and ECMWF with the verification or true map for the same time. Point out significant differences. Attempt to determine which model forecast was most accurate.
6. Looking at the verification map, write down the 500 mb height over Tucson and compare to the forecasted 500 mb heights made in parts 3 and 4. Also evaluate the rain forecasts made in parts 3 and 4. Which model was more accurate for Tucson?
Section 4. Summary Paragraph (See instructions above)
