ATMO 336 – Homework #2
500 mb height forecasts and analysis
Due in class on Friday, February 3 (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 9 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. Your homework must by typed … handwritten homework will not be accepted.
This assignment is divided into two parts. Part I can be done immediately as the computer forecasted 500 mb height maps are available as links on the homework page http://www.atmo.arizona.edu/courses/spring12/atmo336/lectures/HW2maps.html. Part II can be completed after the true 500 mb pattern for each of the forecasted days becomes available.  In the first part, you will play the role of a local Tucson TV weather forecaster by giving a broad overview of expected weather over the United States and a more specific forecast for Tucson based on three 500 mb forecast maps: a 72 hour (3 day) forecast, a 144 hour (6 day) forecast, and a 216 hour (9 day) forecast.  In the second part you will compare the forecast maps with reality and comment on how well the computer model forecasted the 500 mb height pattern. Finally, you are asked to try to come to some conclusion about which of two forecast models made better 6 and 9 day forecasts. 
Part Ia – United States weather overview based on the 72, 144, and 216 hour forecasts from the European Centre for Medium Range Weather Forecast (ECMWF) model. A link to a page containing these maps is available from the homework page on the class web page http://www.atmo.arizona.edu/courses/spring12/atmo336/lectures/HW2maps.html. For this part I want you to use the ECMWF forecast maps, not the MRF forecast maps. A couple of notes about the ECMWF maps.
1. The time label at the bottom of these maps is different than the examples we have looked at in lecture. 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 216 hour forecast map the label is “FRI 120127/0000V216.”, which tells us the map is a 216 hour forecast of the 500 mb map for the date Friday, January 27, 2012 at 00Z.

2. 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.
Write-up for part Ia
For each of the three 500 mb 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 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. You also 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)  Discuss each forecast map individually. Do not try to connect the pattern on forecast day 3 with forecast days 6 and 9. Consider that you are looking at snapshots of the forecasted 500 mb pattern.   Keep it brief and again only worry about features that may affect the continental United States. Do not write about the 500 mb winds unless it is relevant to the temperature and precipitation forecast.  To give an idea about what is expected, below I provide a forecast analysis of the 6 day forecast from the ECMWF model. So basically I have given you a suggested write-up for the 6 day forecast. You need to do a similar analysis for ECMWF 3 and 9 day forecasts and include all three in your homework. 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. 
A tough is located over the western US, through AZ, UT, and into ID. Expect a chance of precipitation east of this feature over eastern AZ and UT into western NM, CO, WY, and MT. Expect generally below average temperatures over the western third of the US, especially in WA, OR, ID, NV, western AZ and western UT. A ridge is centered over the plains states. Expect above average temperatures from the western plains to the Mississippi river valley. A trough extends from coastal NC northwestward to the central great lakes. The 500 mb heights are close to average near this feature, so expect near average temperatures. There will be a chance for precipitation downwind of this trough from the mid Atlantic coast in eastern PA and NY states. A very strong rides is centered in extreme eastern Canada, which is expected to result in temperatures much above average for northern New England.
Locally, the 500 mb height over Tucson is slightly below average, so expect the temperature to be near to slightly below average. Given that Tucson is located in a region just downstream of a trough, there will be a chance of precipitation happening at this time.

Part Ib – Comparison of the MRF and ECMWF forecasts. Different computer models will give different forecasts. Generally, the longer into the future the forecast, the less the models agree with each other. 
Write-up for part Ib
For each of the three corresponding forecast times (72, 144, and 216 hours) 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 than just say that. You also need to compare the local Tucson forecasts based on the two maps. To show you what is expected, a comparison of the forecast maps for the 144 hour (6 day) forecasts is given below:
The 144 hour MRF forecast has a weaker trough in the western US compared with ECMWF. It also predicts a ridge over the eastern Rockies, which is well to the west of the ridge forecasted by ECMWF. MRF shows a closed low centered over MN with a trough extending southward just to the west of the Mississippi River valley, while ECMWF has a ridge in this area. MRF forecasts a strong ridge (heights well above average) over the eastern third of the US, while the ECMWF shows a trough from the mid-Atlantic to the central great lakes.
The MRF forecast of the 500 mb height over Tucson is within 30 meters of the ECMWF, so both indicate temperature to be near average. However, the MRF trough that is just west of Tucson appears to be less favorable for producing precipitation in Tucson than the trough forecasted by ECMWF since the MRF trough is not as sharply curved as the ECMWF in southern AZ.
Part IIa – For each model, briefly compare the forecast 500 mb pattern for 72, 144, and 216 hours with the true 500 mb patterns for each of those days.  The true 500 mb maps will be available under the homework link one day after the forecast time. 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. Look at both the pattern (are troughs and ridges in the same place?) and actual heights. For example, a trough can be in the right position, but it may be deeper or stronger, that is, the heights in the trough may be lower than predicted. Look for significant differences, not minor details.
Part IIb – Overall assessment of the forecast accuracy for this period. Are you able to determine if one model performed better than the other based on your write-up for part IIa? The fact that the two models make different predictions is one indication of how difficult it is to accurately predict the weather more than five days into the future. Which model’s 144 hour and 216 hour forecasts (ECMWF or MRF) turned out to be more accurate? Briefly explain your answer.  Look at both the forecasted and true 500 mb heights as well as the shape of the height pattern. Note. I have no idea how this will turn out. There is the possibility that both models will be way off in which case it will be difficult to decide if one made a significantly better forecast than the other. Also briefly comment on whether or not you (as weather forecaster) would have been able to accurately predict the general weather over the United States 3, 6, and 9 days into the future based on these two model-forecasted 500 mb patterns.
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 9 days into the future.
