CUMCM-2005 Problem C: Evaluation of Rain Forecasting Methods

Rain forecasting is important to the production activities in agriculture and the works and lives in cities. However, forecasting rain levels timely and accurately and is difficult, which attracts attention from many countries. A weather station and an institute of meteorology in China are studying the methods for forecasting rain levels for six hours. That’s to say, at 20:00 every evening, they forecast rain levels at some positions for the four six-hour periods starting from 21:00 (i.e., from 21:00 today to 3:00 next day; from 3:00 to 9:00 next day; from 9:00 to15:00 next day; from 15:00 to 21:00 next day). These positions are on a 53×47 equidistant network near longitude 120 degrees east and latitude 32 degrees north. At the same time, 91 observatory stations are set up to measure the actual rain levels for these periods. The observatory stations are not uniformly distributed, due to various restrictions.

The meteorology departments hope to construct a mathematical model and method to evaluate scientifically the performance of different forecasting methods. They supply with us the forecasted data for 41 days using two different methods and corresponding actually measured data. The forecasted data are in the files under the directory FORECAST, and the actually measured data are in the files under the directory MEASURING, where they can be viewed with Wordpad under Windows system.
The files lon.dat and lat.dat under the directory FORECAST includes the longitude and the latitude, respectively, for the positions of the network. The other files are named as <f_date_i>_dis1 and <f_date_i>_dis2. For example, the file f6181_dis1 contains the forecasted data for the first period using the first method at 20:00PM of June 18, 2002, where the 2491 data are the forecasted rain levels for the positions of the network. Similarly, the file f6183_dis2 contains the forecasted data for the third period using the second method at 20:00PM of June 18, 2002.
The directory MEASURING contains 41 files titled as <date>.SIX. For example, the file 020618.SIX contains the actually measured rain levels for the four consecutive periods staring from  21:00PM of June 18, 2002. The data formats for these files are as following:
Station #  Latitude    Longitude   First period  Second period  Third period  Forth period
58138     32.9833    118.5167     0.0000       0.2000       10.1000      3.1000
58139     33.3000    118.8500     0.0000       0.0000        4.6000      7.4000
58141     33.6667    119.2667     0.0000       0.0000        1.1000      1.4000
58143     33.8000    119.8000     0.0000       0.0000        0.0000      1.8000
58146     33.4833    119.8167     0.0000       0.0000        1.5000      1.9000
……
The rain level is measured in mm, and it is regarded as no rain if the rain level is less than 0.1mm. 
(1) Please construct a mathematical model to evaluate the accuracy for these two forecasting methods. 
(2) The meteorology departments group the rain levels into 6 categories: small (0.1—2.5mm), middle (2.6—6mm), big (6.1—12mm), rainstorm (12.1—25mm), big rainstorm (25.1—60mm), especially big rainstorm (greater than 60.1mm). If the forecasted data are reported to the public according to these categories, how to consider the public’s response in the evaluation model? 
（Note: Please download the data files from http://www.mcm.edu.cn/mcm05/problems2005c.asp）

