ATMO 336 – Homework #4
500 mb height forecasts and analysis
Due in class on Thursday, November 1 (May be turned in before that date)
In this assignment you will first utilize computer-forecasted 500 mb height maps to make temperature and precipitation forecasts for the continental United States for 3, 6, and 10 days into the future. You will also briefly compare the forecasts made by two different weather forecast models. Later you will examine the accuracy of the forecasts from each model by comparing the forecast 500 mb height pattern with reality. This exercise will serve as a practical example of how the accuracy of model forecasts degrades over time. The expectation is that the three day forecast will be quite accurate and there will be significant errors in the 10 day forecasts, however, I have no idea how it will turn out for this homework exercise. 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, which includes an example of the type of forecast analysis that is expected.
Format Guidelines. You must divide your answers for this homework into 4 labeled sections (3 map analysis sections and 1 summary section as shown below). The map analysis sections have 5 parts and should be numbered as shown below.
72 hour (3 day) map analysis

1. Using the ECMWF 72 hour forecast map only, point out significant features in the 500 mb height pattern for weather in the continental United States region only. Briefly translate those features into expected weather (temperature relative to average and possibility for precipitation) for the affected regions.

2. Using the ECMWF 72 hour forecast map only, make a specific forecast for Tucson, i.e., temperature relative to average and possibility of precipitation.

3. Point out any major differences between the ECMWF 72 hour forecast and the MRF 72 hour forecast in terms of height pattern and significant features over the continental United States. Here you are comparing the two forecast models with each other.
4. After the “true” 500 mb maps are posted for this forecast time, briefly discuss the accuracy of the forecasts from both the ECMWF and MRF models. Here you are judging how good or bad the forecasts from each model actually turned out.
5. After the “true” 500 mb maps are posted for this forecast time, specifically discuss how good or bad the forecasts were for the Tucson area … compare the forecasted and true 500 mb heights over Tucson as well as the 500 mb pattern near Tucson (position of troughs, ridges, etc.)
144 hour (6 day) map analysis

Repeat (1) through (5) above for the 144 hour forecast maps.
240 hour (10 day) map analysis

Repeat (1) through (5) above for the 240 hour forecast maps.
Summary Paragraph

Write a short paragraph based on the following questions: How accurately would a weather forecaster have been able to predict the weather across the United States 3, 6, and 10 days into the future based on the forecasted 500 mb height maps provided? Did one model make significantly better forecasts than the other?
Instructions for map analysis sections
To begin this assignment, you will analyze the forecasted 500 mb height maps, which are available as links on the page http://www.atmo.arizona.edu/courses/fall12/atmo336/lectures/HW4maps.html. 
Forecasts from two different weather forecast models are provided. For parts 1 and 2, you will use the ECMWF forecast maps. A couple of notes about the ECMWF maps are given below.

a. There is a time label at the bottom of each map. The leftmost time label along the bottom of the plot is the label that tells us the date when the forecast is valid. The label gives the day of week, followed by the day of the year and the number of hours into the future for which the forecast was made in format yymmdd/0000Vttt, where yy is year, mm is month, dd is day, 0000 is Greenwich Mean Time (00Z), and ttt is how many hours into the future was the forecast made. For example on the 240 hour (10 day) forecast map the label is “THU 121025/0000V240.”, which tells us the map is a 240 hour forecast of the 500 mb map for the date Thursday, October 25, 2012 at 00Z.

b. The contoured lines on the map are the 500 mb heights in meters above sea level. The color shading is of the 500 mb height anomaly, which is defined at the difference between the forecasted 500 mb height and the average 500 mb height. The H’s and L’s labeled with numbers are point values of the 500 mb height anomaly. This is meant to show centers of high and low 500 mb height anomalies. We will interpret the height anomaly in terms of expected above or below average temperatures. If the height anomaly over a region is within 40 meters of average, expect near average temperatures for that region; if the height anomaly is 40-100 meters above (or below) average, expect temperatures to be moderately above (or below) average for that region; and if the height anomaly is 100 or more meters above (or below) average, expect well above (or below) average temperatures for that region.

For part (1), for each of the three 500 mb ECMWF forecast maps, I want you to locate (in your write-up) large-scale, easily identifiable features in the 500 mb pattern, i.e., troughs, ridges, closed lows, and closed highs.  Describe significant features in the pattern of expected temperatures relative to average related to these features (this is where the 500 mb height anomaly information should be used). Based on the positions of these features point out regions that have a favorable chance for precipitation. Only worry about features that will have an effect on the weather over the continental United States (not oceans or Canada). You don’t have mention each region of the United States in your discussion, only write about areas affected by significant features in the 500 mb pattern. Do not write about the 500 mb winds unless it is relevant to the temperature and precipitation forecast.  
For part (2), you need to make a more specific forecast for Tucson. This should be based on the forecasted 500 mb height compared to the average 500 mb height (for temperature) and the position of Tucson relative to trough/ridge features (for forecasting the chance of precipitation)  

For part (3), briefly compare the MRF forecast 500 mb height pattern with the ECMWF forecast. Try to focus on significant differences if they exist, not minor details. Look for differences in the location and shape of the troughs, ridges, closed lows and closed highs. If there is not much difference, then just say that. Note that you can complete parts 1, 2, and 3 for each forecast analysis section immediately. 
In part (4), briefly compare the forecasted 500 mb pattern with the true 500 mb pattern.  The true 500 mb maps will be available under the homework link one day after the forecast time. Note that you will not be able to complete part 4 until the true maps become available and I post them on the map page. I am asking you to do this for both the ECMWF and MRF forecasts. To make the comparisons easier, you should compare ECMWF forecast maps with ECMWF true maps and MRF forecast with MRF true maps. Briefly, discuss where the forecasted 500 mb pattern was accurate and where it was not over the continental United States, i.e., does the true 500 mb pattern look like the forecasted pattern?  Concentrate on the large-scale, easily identifiable features that you pointed out in the forecast maps. Look for significant differences, not minor details. Again if there is not much difference, then just say that. 
In part (5), you will make a more specific comparison of the model forecasts with the true 500 mb pattern for the Tucson area. Here you compare the forecasted and actual 500 mb heights over Tucson for both the ECMWF and MRF models as well as the 500 mb pattern near Tucson, e.g., if the model predicted a trough near Tucson, is there actually one there in the true map. 
Example write-up for the 10 day forecast maps. To give an idea about what is expected, below I provide a forecast analysis of the 10 day forecast from the ECMWF model and a comparison with the MRF model. So basically I have given you a suggested write-up for parts (1) – (3) for the 10 day forecast. You must include answers to these parts in your solutions, even if you write something similar to the example below. You need to do a similar analysis for ECMWF 3 and 6 day forecasts and include all three in your homework, i.e., you must still include answers for parts (1) – (3) for the 10 day forecast analysis, even if you write something similar to the example provided below.  If you are unfamiliar with state names (and their abbreviations) or the common names for different regions of the country, then you may need to refer to a map with this information.
{Sample} 240 hour (10 day) map analysis

1. A ridge is centered off the west coast. Expect above average temperature of the west of the Rockies, especially across northern California and the Oregon coast where 500 mb heights are more than 80 meters above average. A trough extends south from Canada through the states of MN, IA, and into MO. Expect well below average temperatures with this trough in the upper Midwest from the eastern Dakotas to the western Great Lakes. Expect a good chance of precipitation downwind of the trough axis, which includes much of the western and central Great Lakes region including the states of WI, MI, IL, IN, and OH. There is a strong ridge covering much of New England and the eastern Great Lakes region. Expect well above average temperatures from PA and NY northward into New England, especially in far northern New England where the 500 mb heights are more than 160 meters above average.
2. Expect slightly above average temperature in Tucson since forecasted heights are 20 to 40 meters above average. Tucson is just downstream of a ridge, which would indicate low chances for rain. There is a weak closed low over the central Baja although it does not appear to be strong enough or close enough to give much chance of rain in Tucson.

3. There is a significant difference between the ECMWF forecast and MRF forecast over the pacific northwest. The ECMWF has a pronounced ridge just offshore, while the MRF has a closed low and trough just offshore. For the trough in the middle of the country, the ECMWF forecast has the trough extending further south into southern MO, while the MRF keeps the trough and coldest air further north, extending only down to IA and northern IL. Both models have a strong ridge over the northeastern US. There is a big difference off the New England coast, where the ECMWF has a closed low that does not show up in the MRF; however, the closed low is probably too far offshore to have much of an impact on the weather across the New England states.
4. This part cannot be filled in until the true map becomes available … about one day after October 25.

5. This part also cannot be filled in until the true map becomes available. 
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 discuss the weather associated with them. We will look over and discuss the 500 mb forecast maps in class. I encourage you to ask questions about the maps. I would like this assignment to be both instructive and “fun” in the sense that you get to see how accurate computer forecasts of the large-scale weather pattern are for 3, 6, and 10 days into the future.
