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3- Trend Surface

4- Gradual

5- Abrupt
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hPa 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 'C

990 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1
980 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2
970 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3
960 1 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4
950 2 2 2 2 2 3 3 3 3 4 4 4 4 4 5 5
940 2 2 2 3 3 3 3 3 4 4 4 5 5 5 6 6
930 2 3 3 3 3 3 4 4 4 5 5 5 6 6 7 7
920 3 3 3 3 4 4 4 5 5 5 6 6 7 7 8 8
910 3 3 3 4 4 4 5 5 5 6 6 7 7 8 8 9
900 3 4 4 4 4 5 5 6 6 6 7 7 8 9 9 10
890 4 4 4 5 5 5 6 6 7 7 8 8 9 9 10 11
880 4 4 4 5 5 6 6 7 7 8 8 9 9 10 11 12
870 4 4 5 5 6 6 7 7 8 8 9 9 10 11 12 13
860 4 5 5 6 6 6 7 7 8 9 9 10 11 12 12 13
850 5 5 5 6 6 7 7 8 9 9 10 11 11 12 13 14
840 5 5 6 6 7 7 8 8 9 10 10 11 12 13 14 15
830 5 5 6 6 7 7 8 9 9 10 11 12 13 14 15 16
820 5 6 6 7 7 8 8 9 10 11 11 12 13 14 15 17
810 5 6 6 7 8 8 9 10 10 11 12 13 14 15 16 17
800 6 6 7 7 8 8 9 10 11 12 12 13 15 16 17 18
790 6 6 7 7 8 9 9 10 11 12 13 14 15 16 17 19
780 6 7 7 8 8 9 10 11 11 12 13 14 16 17 18 19
770 6 7 7 8 9 9 10 11 12 13 14 15 16 17 19 20
760 6 7 7 8 9 10 10 11 12 13 14 15 17 18 19 21
750 6 7 8 8 9 10 11 12 13 14 15 16 17 18 20 21
740 7 7 8 9 9 10 11 12 13 14 15 16 18 19 20 22
730 7 7 8 9 9 10 11 12 13 14 15 17 18 20 21 23
720 7 7 8 9 10 11 11 12 13 15 16 17 18 20 22 23
710 7 8 8 9 10 11 12 13 14 15 16 17 19 20 22 24
700 7 8 8 9 10 11 12 13 14 15 16 18 19 21 23 24
690 7 8 9 9 10 11 12 13 14 15 17 18 20 21 23 25
680 7 8 9 10 10 11 12 13 15 16 17 19 20 22 24 25
670 7 8 9 10 11 11 12 14 15 16 17 19 20 22 24 26
660 8 8 9 10 11 12 13 14 15 16 18 19 21 23 24 26
650 8 8 9 10 11 12 13 14 15 16 18 19 21 23 25 27
640 8 8 9 10 11 12 13 14 15 17 18 20 21 23 25 27
630 8 8 9 10 11 12 13 14 16 17 18 20 22 24 26 28
620 8 8 9 10 11 12 13 14 16 17 19 20 22 24 26 28
610 8 9 9 10 11 12 13 15 16 17 19 20 22 24 26 28
600 8 9 9 10 11 12 13 15 16 17 19 21 23 25 27 29
590 8 9 10 10 11 12 14 15 16 18 19 21 23 25 27 29
580 8 9 10 11 11 13 14 15 16 18 19 21 23 25 27 30
570 8 9 10 11 12 13 14 15 16 18 20 21 23 25 27 30
560 8 9 10 11 12 13 14 15 17 18 20 21 23 26 28 30
550 8 9 10 11 12 13 14 15 17 18 20 22 24 26 28 30
540 8 9 10 11 12 13 14 15 17 18 20 22 24 26 28 31
530 8 9 10 11 12 13 14 15 17 18 20 22 24 26 28 31
520 8 9 10 11 12 13 14 16 17 19 20 22 24 26 29 31
510 8 9 10 11 12 13 14 16 17 19 20 22 24 26 29 31
500 8 9 10 11 12 13 14 16 17 19 20 22 24 27 29 32
490 8 9 10 11 12 13 14 16 17 19 21 22 25 27 29 32
480 8 9 10 11 12 13 14 16 17 19 21 23 25 27 29 32
470 8 9 10 11 12 13 14 16 17 19 21 23 25 27 29 32
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hPa 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 °C
460 8 9 10 11 12 13 14 16 17 19 21 23 25 27 30 32
450 8 9 10 11 12 13 14 16 17 19 21 23 25 27 30 32
440 8 9 10 11 12 13 15 16 17 19 21 23 25 27 30 33
430 8 9 10 11 12 13 15 16 17 19 21 23 25 27 30 33
420 8 9 10 11 12 13 15 16 18 19 21 23 25 27 30 33
410 8 9 10 11 12 13 15 16 18 19 21 23 25 27 30 33
400 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
390 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
380 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
370 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
360 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
350 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
340 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
330 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
320 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
310 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
300 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
290 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
280 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
270 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
260 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
250 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
240 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
230 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
220 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
210 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
200 8 9 10 11 12 13 15 16 18 19 21 23 25 28 30 33
hpa 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 °C

990 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3
980 2 2 2 3 3 3 3 3 4 4 4 4 5 5 5
970 3 4 4 4 4 5 5 5 5 6 6 7 7 7 8
960 4 5 5 5 5 6 6 7 7 8 8 9 9 10 11
950 6 6 6 7 7 8 8 9 9 10 10 11 12 12 13
940 7 7 7 8 9 9 10 10 11 12 12 13 14 15 16
930 8 8 9 9 10 11 11 12 13 14 14 15 16 17 18
920 9 9 10 10 11 12 13 14 14 15 16 17 19 20 21
910 | 10 10 11 12 13 13 14 15 16 17 18 20 21 22 23
900 | 11 11 12 13 14 15 16 17 18 19 20 22 23 24 24
890 | 12 12 13 14 15 16 17 18 20 21 22 24 25 27 28
880 | 12 13 14 15 16 17 19 20 21 23 24 26 27 29 31
870 | 13 14 15 16 18 19 20 21 23 24 26 28 29 31 33
860 | 14 15 16 18 19 20 21 23 24 26 28 30 32 34 36
850 | 15 16 18 19 20 21 23 24 26 28 30 32 34 36 38
840 | 16 17 19 20 21 23 24 26 28 30 32 34 36 38 40
830 | 17 18 19 21 22 24 26 27 29 31 33 35 38 40 43
820 | 18 19 20 22 24 25 27 29 31 33 35 37 40 42 45
810 | 19 20 21 23 25 26 28 30 32 34 37 39 42 44 47
800 | 19 21 22 24 26 28 29 32 34 36 38 41 44 46 49
790 | 20 22 23 25 27 29 31 33 35 38 40 43 46 49 52
780 ] 21 23 24 26 28 30 32 34 37 39 42 45 48 51 54
770 | 22 23 25 27 29 31 33 35 38 41 43 46 49 53 56
760 | 22 24 26 28 30 32 34 37 39 42 45 48 51 55 58
750 | 23 25 27 29 31 33 35 38 41 44 47 50 53 57 60
740 | 24 26 28 30 32 34 37 39 42 45 48 51 55 59 62
730 | 24 26 28 30 33 35 38 40 43 46 50 53 57 60 64
720 | 25 27 29 31 34 36 39 42 45 48 51 55 58 62 66
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hPa 16 17 18 | 19 20 21 22 23 24 25 26 27 28 29 30 °C

710 | 26 28 30 32 35 37 40 43 46 49 53 56 60 64 68
700 | 26 28 31 33 35 38 41 44 47 50 54 58 62 66 70
690 | 27 29 31 34 36 39 42 45 48 52 55 59 63 68 72
680 | 27 30 32 34 37 40 43 46 49 53 57 61 65 69 74
670 | 28 30 33 35 38 41 44 47 51 54 58 62 67 71 76
660 | 29 31 33 36 39 42 45 48 52 55 60 64 68 73 78
650 | 29 31 34 37 39 42 46 49 53 57 61 65 70 75 80
640 | 29 32 35 37 40 43 46 50 54 58 62 67 71 76 81
630 | 30 32 35 38 41 44 47 51 55 59 63 68 73 78 83
620 | 30 33 36 38 42 45 48 52 56 60 65 69 74 79 85
610 | 31 33 36 39 42 45 49 53 57 61 66 71 76 81 87
600 | 31 34 37 40 43 46 50 54 58 62 67 72 77 82 89
590 | 32 34 37 40 43 47 51 55 59 63 68 73 78 84 90
580 | 32 35 38 41 44 48 51 55 60 64 69 74 80 85 91
570 | 33 35 38 41 45 48 52 56 61 65 70 75 81 87 93
560 | 33 36 39 42 45 49 53 57 61 66 71 77 82 88 94
550 ) 33 36 39 42 46 49 53 58 62 67 72 78 83 90 96
540 | 33 36 39 43 46 50 54 58 63 68 73 79 85 91 97
530 | 34 37 40 43 47 50 55 59 64 69 74 80 86 92 99
520 | 34 37 40 43 47 51 55 60 64 70 75 81 87 93 100
510 | 34 37 40 44 48 51 56 60 65 70 76 82 88 95 102
500 ) 35 37 41 44 48 52 56 61 66 71 77 83 89 96 103
490 | 35 38 41 45 48 52 57 61 66 72 78 84 90 97 104
480 ] 35 38 41 45 49 53 57 62 67 73 78 85 91 98 105
470 | 35 38 42 45 49 53 58 62 68 73 79 85 92 99 106
460 | 35 38 42 45 49 54 58 63 68 74 80 86 93 | 100 108
450 | 36 39 42 46 50 54 58 63 69 74 81 87 94 | 101 109
440 | 35 39 42 46 50 54 59 64 69 75 81 88 95 | 102 110
430 | 36 39 42 46 50 55 59 64 70 76 82 88 96 | 103 111
420 | 36 39 43 46 50 55 60 65 70 76 82 89 96 | 104 112
410 | 36 39 43 47 51 55 60 65 71 77 83 90 97 | 105 113
400 | 36 39 43 47 51 55 60 65 71 77 84 90 98 | 105 114
390 | 36 39 43 47 51 56 60 66 71 77 84 91 98 | 106 115
380 | 36 39 43 47 51 56 61 66 71 78 85 92 99 | 107 115
370 | 36 40 43 47 51 56 61 66 72 78 85 92 | 100 | 108 116
360 | 36 40 43 47 51 56 61 66 72 79 85 93 | 100 | 108 117
350 | 36 40 43 47 52 56 61 67 73 79 86 93 | 101 | 109 118
340 | 36 40 43 47 52 56 61 67 73 79 86 93 | 101 | 109 118
330 | 36 40 43 47 52 56 61 67 73 79 86 94 | 102 | 110 119
320 | 36 40 44 48 52 57 62 67 73 80 87 94 | 102 | 111 120
310 | 36 40 44 48 52 57 62 67 73 80 87 94 | 102 | 111 120
300 | 36 40 44 48 52 57 62 67 74 80 87 95| 103 | 111 121
290 | 36 40 44 48 52 57 62 68 74 80 87 95 | 103 | 112 121
280 | 36 40 44 48 52 57 62 68 74 80 88 95 | 103 | 112 121
270 | 36 40 44 48 52 57 62 68 74 81 88 95| 104 | 112 122
260 | 36 40 44 48 52 57 62 68 74 81 88 96 | 104 | 113 122
250 | 36 40 44 48 52 57 62 68 74 81 88 96 | 104 | 113 122
240 | 36 40 44 48 52 57 62 68 74 81 88 96 | 104 | 113 123
230 | 36 40 44 48 52 57 62 68 74 81 88 96 | 104 | 113 123
220 | 36 40 44 48 52 57 62 68 74 81 88 96 | 104 | 113 123
210 | 36 40 44 48 52 57 62 68 74 81 88 96 | 105 | 114 123
200 | 36 40 44 48 52 57 62 68 74 81 88 96 | 105 | 114 123
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0 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(yo0)

200 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2

400 2 2 2 2 2 3 3 3 3 3 4 4 4 4 5 5

600 3 3 3 3 3 4 4 4 5 5 5 6 6 6 7 7

800 3 3 4 4 4 5 5 5 6 6 7 7 8 8 9 9

1 000 4 4 4 5 5 6 6 6 7 7 8 9 9 10 10 11
1 200 4 5 5 6 6 7 7 8 8 9 9 10 11 11 12 13
1 400 5 5 6 6 7 7 8 8 9 10 10 11 12 13 14 15
1 600 5 6 6 7 7 8 9 9 10 11 11 12 13 14 15 16
1 800 6 6 7 7 8 9 9 10 11 12 12 13 14 15 17 18
2 000 6 7 7 8 9 9 10 11 11 12 13 14 16 17 18 19
2 200 7 7 8 8 9 10 10 11 12 13 14 15 16 18 19 20
2 400 7 8 8 9 9 10 11 12 13 14 15 16 17 19 20 22
2 600 7 8 8 9 10 11 11 12 13 14 16 17 18 20 21 23
2 800 7 8 9 9 10 11 12 13 14 15 16 18 19 21 22 24
3 000 8 8 9 10 10 11 12 13 14 15 17 18 20 21 23 25
3 200 8 8 9 10 11 12 13 14 15 16 17 19 20 22 24 26
3 400 8 8 9 10 11 12 13 14 15 16 18 19 21 23 24 26
3 600 8 9 9 10 11 12 13 14 15 17 18 20 22 23 25 27
3 800 8 9 10 10 11 12 13 14 16 17 19 20 22 24 26 28
4 000 8 9 10 11 11 12 14 15 16 17 19 21 22 24 26 28
4 200 8 9 10 11 12 13 14 15 16 18 19 21 23 25 27 29
4 400 8 9 10 11 12 13 14 15 16 18 20 21 23 25 27 29
4 600 8 9 10 11 12 13 14 15 17 18 20 22 24 25 28 30
4 800 8 9 10 11 12 13 14 15 17 18 20 22 24 26 28 30
5 000 8 9 10 11 12 13 14 16 17 19 20 22 24 26 28 31
5 200 8 9 10 11 12 13 14 16 17 19 20 22 24 26 29 31
5 400 8 9 10 11 12 13 14 16 17 19 20 22 24 26 29 31
5 600 8 9 10 11 12 13 14 16 17 19 21 22 24 27 29 32
5 800 8 9 10 11 12 13 14 16 17 19 21 22 25 27 29 32
6 000 8 9 10 11 12 13 15 16 17 19 21 23 25 27 30 32
6 200 8 9 10 11 12 13 15 16 17 19 21 23 25 27 30 32
6 400 8 9 10 11 12 13 15 16 18 19 21 23 25 27 30 33
6 600 8 9 10 11 12 13 15 16 18 19 21 23 25 27 30 33
6 800 8 9 10 11 12 13 15 16 18 19 21 23 25 27 30 33
7 000 8 9 10 11 12 14 15 16 18 19 21 23 25 28 30 33
7 200 8 9 10 11 12 14 15 16 18 19 21 23 25 28 30 33
7 400 8 9 10 11 12 14 15 16 18 19 21 23 25 28 30 33
7 600 8 9 10 11 12 14 15 16 18 19 21 23 25 28 30 33
7 800 8 9 10 11 12 14 15 16 18 19 21 23 25 28 30 33
8 000 8 9 10 11 12 14 15 16 18 19 21 23 26 28 30 33
8 200 8 9 10 11 12 14 15 16 18 19 21 23 26 28 30 33
8 400 8 9 10 11 12 14 15 16 18 19 21 23 26 28 30 33
8 600 8 9 10 11 12 14 15 16 18 19 21 23 26 28 30 33
8 800 8 9 10 11 12 14 15 16 18 19 21 23 26 28 30 33
9 000 8 9 10 11 12 14 15 16 18 19 21 23 26 28 31 33
9 200 8 9 10 11 12 14 15 16 18 19 21 23 26 28 31 33
9 400 14 15 16 18 19 21 23 26 28 31 33
9 600 14 15 16 18 19 21 23 26 28 31 33
9 800 14 15 16 18 19 21 23 26 28 31 33
10 000 14 15 16 18 19 21 23 26 28 31 33
11 000 21 23 26 28 31 33
12 000 33
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(yo0)
200 3 3 3 3 3 4 4 4 4 4 5 5 5 6 6
400 5 5 6 6 6 7 7 8 8 9 9 10 10 11 12
600 7 8 8 9 10 10 11 11 12 13 14 15 15 16 17
800 10 10 11 12 13 13 14 15 16 17 18 19 20 21 22
000 12 13 13 14 15 16 17 18 20 21 22 23 25 26 28
200 14 15 16 17 18 19 20 21 23 24 26 27 29 31 32
400 16 17 18 19 20 22 23 24 26 28 29 31 33 35 37
600 17 19 20 21 23 24 25 27 29 31 33 35 37 39 41
800 19 20 22 23 25 26 28 30 32 34 36 39 41 43 46
000 21 22 24 25 27 29 31 33 35 37 39 42 44 47 50
200 22 24 25 27 29 31 33 35 37 40 42 45 48 51 54
400 23 25 27 29 31 33 35 37 40 43 45 48 51 54 57
600 24 26 28 30 32 35 37 40 42 45 48 51 55 58 61
800 26 27 30 32 34 36 39 42 45 48 51 54 58 61 65
000 27 29 31 33 35 38 41 44 47 50 53 57 61 64 68
200 28 30 32 34 37 40 42 45 49 52 56 59 63 67 71
400 29 31 33 36 38 41 44 47 51 54 58 62 66 70 74
600 29 32 34 37 39 42 45 49 52 56 60 64 68 73 77
800 30 32 35 38 41 44 47 50 54 58 62 66 70 75 80
000 31 33 36 39 42 45 48 52 56 60 64 68 73 78 83
200 31 34 37 40 43 46 49 53 57 61 66 70 75 80 85
400 32 34 37 40 44 47 51 54 58 63 67 72 77 82 87
600 32 35 38 41 44 48 52 56 60 64 69 74 79 84 90
800 33 36 39 42 45 49 53 57 61 65 70 75 81 86 92
000 33 36 39 42 46 50 54 58 62 67 72 77 82 88 94
200 34 37 40 43 47 50 54 59 63 68 73 78 84 90 96
400 34 37 40 44 47 51 55 60 64 69 74 80 85 92 98
600 35 38 41 44 48 52 56 60 65 70 76 81 87 93 | 100
800 35 38 41 45 48 52 57 61 66 71 77 82 88 95 | 101
000 35 38 42 45 49 53 57 62 67 72 78 84 90 95 | 103
200 35 38 42 45 49 54 58 63 68 73 79 85 91 98 | 104
400 35 39 42 46 50 54 58 63 68 74 80 86 92 99 | 106
600 36 39 42 46 50 54 59 64 69 74 80 87 93| 100 | 107
800 36 39 42 46 50 55 60 65 70 75 81 87 94 1 101 | 108
000 36 39 43 46 51 55 60 65 70 76 82 88 95| 102 | 110
200 36 39 43 47 51 55 60 65 71 76 82 89 96 | 103 | 111
400 36 39 43 47 51 56 61 66 71 77 83 90 97 | 104 | 112
600 36 39 43 47 51 56 61 66 72 77 83 90 98 | 105 | 113
800 36 39 43 47 51 56 61 66 72 78 84 91 98 | 106 | 114
000 36 40 43 47 52 56 61 67 72 78 85 92 99| 107 | 115
200 36 40 43 47 52 57 62 67 73 78 85 921 100 | 108 | 115
400 36 40 43 47 52 57 62 67 73 79 85 921 100 | 108 | 116
600 36 40 43 47 52 57 62 68 73 79 86 93 | 101 ] 109 | 117
800 36 40 43 47 52 57 62 68 73 79 86 93] 101 ] 109 | 118
000 36 40 43 47 52 57 62 68 74 80 86 941 102 ] 110 ] 118
200 36 40 43 48 52 57 62 68 74 80 87 94 1 102 110 | 119
400 36 40 44 48 52 57 62 68 74 80 87 94 1 102 110 | 119
600 36 40 44 48 52 57 63 68 74 80 87 94 1 102 111 ] 120
800 36 40 44 48 52 57 63 68 74 80 87 95| 103 | 111 ] 120

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

O \O|\O|\O|\O|co|co|co| oo 00| |||\ n|n|n| BB B[O W[ L[] W | N N N N —| — [ — | —|—

10 000 37 40 44 48 52 57 63 68 74 80 87 95| 103 | 112 | 121
11 000 37 40 44 48 52 57 63 68 74 81 88 96 | 104 | 113 | 122
12 000 37 40 44 48 52 57 63 68 74 81 88 96 | 105 | 114 | 123
13 000 52 57 63 68 74 81 88 97 | 105 | 114 | 124
14 000 52 57 63 68 74 81 88 97 | 105 | 115 | 124
15 000 81 88 97 | 106 | 115 | 124
16 000 81 88 97 | 106 | 115 | 124
17 000 89 97 | 106 | 115 | 124
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MSL 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
lggg 8.1 8.7 9.2 9.7 10.3 10.8 11.4 11.9 12.5 13.1 13.7 14.3 15.0 15.7
100 7.5 8.1 8.6 9.2 9.8 10.3 10.8 11.4 11.9 12.5 13.1 13.7 14.3 14.9
200 7.0 7.5 8.1 8.6 9.2 9.8 10.3 10.8 11.3 11.9 12.4 13.0 13.6 14.1
300 6.5 7.0 7.5 8.0 8.6 9.2 9.7 10.2 10.7 11.3 11.8 12.3 12.9 13.4
400 6.1 6.5 7.0 7.5 8.1 8.6 9.1 9.6 10.1 10.7 11.2 11.7 12.3 12.8
500 5.7 6.1 6.5 7.0 7.6 8.1 8.6 9.1 9.6 10.1 10.6 11.1 11.7 12.2
600 53 5.7 6.1 6.6 7.1 7.6 8.1 8.6 9.1 9.6 10.0 10.5 11.1 11.6
700 4.9 53 5.7 6.2 6.7 7.2 7.7 8.2 8.6 9.1 9.5 10.0 10.5 11.0
800 4.5 4.9 53 5.8 6.3 6.8 7.2 7.7 8.1 8.6 9.0 9.5 10.0 10.5
900 4.2 4.6 4.9 5.4 5.9 6.4 6.8 7.2 7.6 8.1 8.5 9.0 9.4 9.9
1000 3.9 4.3 4.6 5.0 5.5 5.9 6.3 6.8 7.2 7.6 8.0 8.5 8.9 9.4
1100 3.6 4.0 4.3 4.7 5.1 5.5 5.9 6.4 6.8 7.2 7.6 8.0 8.4 8.9
1200 3.4 3.7 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.7 7.1 7.6 8.0 8.4
1300 3.1 3.4 3.7 4.2 4.5 4.9 5.2 5.6 6.0 6.3 6.7 7.1 7.5 8.0
1400 2.9 3.2 3.5 3.9 4.3 4.6 4.9 53 5.7 6.0 6.3 6.7 7.1 7.5
1500 2.7 3.0 33 3.7 4.0 4.3 4.6 4.9 53 5.7 6.0 6.3 6.7 7.1
1600 2.5 2.8 3.1 3.4 3.7 4.0 4.3 4.6 5.0 5.4 5.7 6.0 6.4 6.7
1700 2.3 2.6 2.9 3.2 3.4 3.7 4.0 4.3 4.7 5.0 53 5.6 6.0 6.3
1800 2.1 2.4 2.7 3.0 3.2 3.5 3.8 4.1 4.4 4.7 5.0 53 5.6 6.0
1900 1.9 2.2 24 2.7 2.9 3.2 3.5 3.8 4.1 4.4 4.7 5.0 53 5.7
2000 1.7 1.9 2.2 24 2.7 2.9 3.2 3.5 3.8 4.1 4.4 4.7 5.0 53
2100 1.5 1.7 1.9 2.2 24 2.7 3.0 33 3.5 3.8 4.1 4.4 4.7 5.0
2200 1.4 1.6 1.7 2.0 2.2 24 2.7 3.0 33 3.5 3.8 4.1 4.4 4.7
2300 1.3 1.4 1.6 1.8 2.0 2.2 2.5 2.8 3.0 3.2 3.5 3.8 4.1 4.4
2400 1.2 1.3 1.5 1.6 1.8 2.0 2.3 2.5 2.8 3.0 3.3 3.6 3.8 4.0
MSL 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5
lh(;?: 16.4 17.0 17.7 18.4 19.2 20.0 21.0 22.1 233 24.6 25.9 27.2 28.5 29.8
100 ] 15.5 16.1 16.8 | 174 18.2 19.0 20.0 | 21.1 223 23.5 24.8 26.0 | 272 | 285
200) 147 ] 153 ] 159 16.6 17.3 18.1 19.1 20.1 21.2 224 236 | 248 | 260 | 273
300 14.0| 145 15.1 15.8 16.5 17.3 18.2 19.1 20.2 214 | 225 2371 249 | 262
400 ) 133 13.8 | 144 | 15.0 15.7 16.5 17.3 18.2 19.3 204 | 21.5 2271 239 ] 251
500 127 132 | 13.8| 144 15.0 15.7 16.5 17.4 18.5 19.5 206 | 21.8| 23.0| 24.1
600 | 12.1 12.6 | 132 | 13.7 14.3 15.0 15.8 16.7 17.7 18.7 19.7 209 | 22.0 ] 23.1
700 | 11.5 12.0 | 12.6 | 13.1 13.7 14.4 15.1 15.9 16.8 17.8 18.8 199 | 21.1 22.2
800 | 11.0 | 11.5| 12.0| 125 13.1 13.8 14.5 15.2 16.0 16.9 17.9 19.0 | 20.1 21.2
900 ) 104 | 109 | 114 ]| 11.9 12.5 13.1 13.8 14.5 15.3 16.1 17.1 18.1 192 | 203
1000 99| 103 | 108 | 11.3 11.8 12.4 13.0 13.8 14.5 15.3 16.3 17.3 18.3 19.4
1100 9.4 9.8 | 103 10.8 11.3 11.8 12.4 13.1 13.8 14.6 15.5 16.5 17.5 18.5
1200 8.9 9.3 9.8 | 10.2 10.7 11.3 11.9 12.5 13.2 13.9 14.8 15.7 16.7 17.6
1300 8.4 8.8 9.3 9.7 10.2 10.8 11.3 11.9 12.6 13.3 14.1 14.9 15.8 16.8
1400 8.0 8.4 8.8 9.2 9.7 10.2 10.7 11.3 12.0 12.7 13.4 14.2 15.1 16.0
1500 7.5 7.9 8.3 8.7 9.1 9.6 10.2 10.8 11.4 12.0 12.7 13.5 14.3 15.2
1600 7.1 7.5 7.9 83 8.7 9.2 9.7 10.2 10.8 11.4 12.0 12.8 13.6 14.5
1700 6.7 7.0 7.4 7.8 8.2 8.7 9.2 9.7 10.2 10.8 11.4 12.2 13.0 13.8
1800 6.3 6.6 7.0 7.4 7.8 8.2 8.7 9.2 9.7 10.3 10.9 11.6 12.4 13.2
1900 6.0 6.3 6.6 7.0 7.4 7.8 8.2 8.7 9.2 9.8 10.4 11.1 12.9 12.6
2000 5.6 5.9 6.2 6.5 6.9 73 7.7 8.2 8.7 9.3 9.9 10.6 11.4 12.1
2100 53 5.6 5.9 6.2 6.5 6.9 73 7.8 8.3 8.8 9.4 10.1 10.8 11.5
2200 5.0 53 5.6 5.9 6.2 6.5 6.9 7.4 7.9 8.4 9.0 9.6 10.3 11.0
2300 4.6 4.9 5.2 5.5 5.9 6.2 6.6 7.0 7.5 8.0 8.6 9.2 9.9 10.5
2400 4.3 4.6 4.9 5.2 5.5 5.8 6.2 6.6 7.1 7.6 8.2 8.8 9.5 10.1
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MSL 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5

lh(:?;] 31.2 32.6 34.1 35.6 37.2 38.8 40.5 423 44.2 46.2 48.3 50.4 52.6 54.8

100 298| 312 | 327 | 341 356 | 372 | 389 | 40.7| 426 | 446 | 466 | 487 | 508 | 529

200 285 | 298| 313 327 341 35,6 | 373 | 39.1 41.0 | 43.0| 449 | 469 | 49.1 | 512

300 274 ] 28.6 | 299 | 313 327 | 343 359 | 37.6 | 395| 414 | 433 | 453 | 474 | 495

400 ) 262 | 274 | 287 300] 314| 329]| 345]| 36.1 38.0 | 39.8| 41.7| 43.7| 457 | 478

500 252 ] 263 | 275 | 289 303 | 31.7] 332 | 348 | 366 | 383 | 402 | 422 | 441 | 462

600 | 242 | 253 | 264 | 277 | 29.1 304 | 319 335 353 | 37.0| 388 | 40.7] 42.6| 447

700 | 233 | 244 | 254 | 266 | 279 | 292 | 308 | 324 | 340] 357 | 375| 393 | 41.1 | 431

800 | 223 | 234 | 245 | 256 | 268 | 28.1 29.5 | 31.1 327 | 343 36.1 379 | 39.7| 41.6

900 ) 214 | 225 | 236 | 247 | 258 271 285 | 30.0 | 31.5| 33.1 349 | 36.6 | 383 | 40.2

1000 ] 204 | 215 225 | 236 | 247 | 260| 274 | 289 | 303 | 31.8]| 336| 353 | 370 | 388

1100 195 205 | 21.5] 22.6| 237 ] 250 264 | 278 | 292 | 306 | 323 | 339 | 356 | 374

1200 18.6 19.6 | 206 | 217 ] 227 | 239 252 | 266 | 28.0| 295 31.1 326 | 343 | 36.0

1300 17.7 18.7 197 1 208 | 21.8 ] 23.0| 242 | 256 | 269 | 284 | 299 | 313 | 33.1| 348

1400 16.9 17.8 18.8 198 | 208 | 21.9| 232 | 246 | 259 | 274 | 28.8| 30.1 31.9 | 33.1

1500 16.1 17.0 17.9 189 | 20.0| 21.0| 223 | 23.6 | 249 | 263 | 27.7| 29.1 30.7 | 32.0

1600 15.4 16.3 17.1 18.0 19.1 202 | 214 ] 227 | 240 ] 253 | 267 ] 28.1 29.6 | 31.1

1700 14.7 15.6 16.4 17.3 18.3 194 | 204 | 21.6 | 229 | 242 | 256 27.0| 285 | 30.0

1800 14.0 14.9 15.7 16.5 17.5 18.5 195 207 ] 219 | 232 | 246 | 260 274 | 289

1900 13.4 14.2 15.0 15.8 16.7 17.6 18.7 19.8 | 21.1 223 | 237 ] 250 264 | 279

2000 12.8 13.5 14.3 15.1 16.0 17.0 18.0 19.1 204 | 215 | 227 | 240 | 254 | 2638

2100 12.2 12.9 13.7 14.5 15.3 16.3 17.3 18.4 19.6 | 21.7| 219 | 23.1 245 | 259

2200 11.7 12.4 13.1 13.8 14.6 15.6 16.6 17.7 18.8 199 | 21.1 223 | 23.6 | 25.0

2300 11.2 11.9 12.5 13.2 14.0 14.8 15.8 16.8 17.9 19.0 | 202 | 214 | 227 | 240

2400 10.7 11.4 12.0 12.7 13.5 14.3 15.1 16.0 17.0 18.1 193 | 20.5| 21.8 | 23.1

MSL 21.0 21.5 22.0 22.5 23.0 23.5 24.0 24.5 25.0 25.5 26.0 26.5 27.0 27.5

lh(:?;] 571 59.5 62.1 64.9 67.9 71.0 74.3 71.5 80.8 84.3 88.0 91.9 93.9 100.1

100 553 | 576 | 602 ] 629 | 659 | 688 | 720 | 732 | 786 | 82.0| 856 | 894 | 934 | 975

200 ) 535 | 558 | 583 61.0 | 638 | 667 698| 729 | 763 | 797 832 ] 89| 909 | 949

300 51.7] 54.1 56.5 59.1 619 | 647 | 67.7| 707 | 744 | 715 809 | 846 | 885 | 925

400 ) 500 | 524 | 548 | 573 60.0 | 627 657 | 687 | 720 753 78.7 | 823 ] 86.2 | 90.1

500 484 | 50.8 | 53.1 55.5 58.1 60.8 | 63.7| 666 | 699 | 732 | 76.6 | 80.1 84.0 | 878

600 ] 463 | 49.1 514 | 538 | 563 | 589 | 618 | 647 ] 68.0| 713 74.6 | 78.1 81.9 | 85.6

700 | 452 | 476 | 498 | 52.1 545 | 57.1 60.0 | 629 | 66.1 69.3 72.6 | 76.0 | 79.7| 833

800 | 43.7] 46.0 | 482 | 50.5 529 | 553 58.1 61.0 | 642 | 674 | 707 | 741 77.5 | 81.0

900 | 423 | 445 | 466 | 488 | 512 | 536 563 | 59.1 623 | 655 688 | 720 | 753 | 787

1000 ] 40.8 | 43.0] 45.1 473 | 495 ] 518 545 | 573 604 | 636 669| 700| 73.1]| 764

1100 ] 393 | 414 | 436 | 457 | 479 | 50.1 527 | 554 | 585 | 61.8] 65.1 68.1 71.0 | 743

1200 ] 379 | 399 | 422 | 443 | 464 | 484 | 51.0| 53.7| 567 60.0]| 632 | 663 | 69.0| 72.2

1300 ] 365| 386 | 408 | 428 | 449 | 469 | 494 | 520 | 550 581 613 | 643 | 67.0] 70.2

1400 | 353 | 373 395 415| 434 | 453 | 478 | 504 | 534 | 564 | 593 | 624 | 651 | 682

1500 ] 340 ] 36.0 ] 38.1 40.0 | 419 ] 438 | 462 | 487 | 518 | 548 | 578 | 60.7| 633 | 663

1600 ] 328 | 346 | 367 | 38.6| 404 | 423 | 447 | 472 | 503 | 532 | 562 | 590 | 61.6 | 64.5

1700 ] 31.6 | 334 | 354 | 373 39.1 41.0 | 433 | 457 | 487 | 51.6| 545 | 573 | 599 | 62.7

1800 ] 30.5| 322 | 342 | 36.1 379 | 397 420 | 444 | 472 | 500 | 528 | 555| 582 61.0

1900 ] 293 | 312 | 33.1 349 | 367 | 385 40.7| 43.0| 458 | 485 512 | 539 ] 566 | 594

2000 ] 284 ] 30.1 320 | 338 | 355 373 39.5| 418 | 444 | 470] 496 | 523 | 550 | 578

2100} 275 29.0| 308 | 325 344 | 362 | 383 | 405 | 43.0| 455] 481 50.7 | 53.5| 563

2200 ] 265 279 | 29.6 | 313 332 | 350] 371 393 | 418 | 442 | 46.6| 492 | 51.8| 547

2300 ] 255 269 | 286 | 302] 321 340 | 36.0| 372 | 40.0| 426 | 452 | 478 | 50.5| 532

2400 | 245 260 | 27.6 | 293 31.1 33.0 | 35.0| 37.1 393 | 416 | 440 | 465 | 49.1 | 51.8
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MSL 28.0 28.5 29.0 29.5 30.0
1000 hPa 104.5 109.1 113.9 118.9 124.2
100 101.8 106.3 111.1 115.8 121.0
200 99.2 103.6 108.2 112.7 117.8
300 96.7 100.9 105.3 109.9 114.9
400 94.2 98.4 102.7 107.2 112.1
500 91.8 95.9 100.1 104.6 109.4
600 89.4 93.4 97.6 102.0 106.7
700 87.0 91.0 95.1 99.6 104.1
800 84.6 88.6 92.7 97.2 101.5
900 82.3 86.2 90.2 94.7 99.0
1000 80.0 83.8 87.9 92.4 96.5
1100 77.8 81.7 85.7 90.2 94.1
1200 75.7 79.5 83.5 88.0 91.7
1300 73.6 77.2 81.3 85.7 89.4
1400 71.5 75.1 79.1 83.5 87.2
1500 69.5 73.1 77.0 81.3 84.9
1600 67.6 71.2 75.0 79.2 82.7
1700 65.8 69.3 73.0 77.0 80.4
1800 64.1 67.5 71.1 75.0 78.2
1900 62.5 65.8 69.2 72.8 76.0
2000 60.9 64.1 67.5 70.9 73.8
2100 59.3 62.5 65.7 69.0 71.9
2200 57.7 60.8 63.9 67.2 70.1
2300 56.1 59.1 62.2 65.4 68.4
2400 54.6 57.5 60.5 63.6 66.8
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Abstract

Probable maximum precipitation (PMP) is defined as the greatest depth of precipitation for a given
duration meteorologically possible for a design watershed or a given storm area at a particular location and
time of year without considering any change in the climate. PMP estimates therefore must still be considered
approximations. The accuracy, or reliability, of an estimate fundamentally depends on the amount and
quality of data available and the depth of analysis. Attempt has been made to use the latest knowledge of
storm mechanisms and their precipitation-producing efficiency remains insufficient to allow precise
evaluation of limiting values of extreme precipitation. The purpose of PMP estimation is to determine PMF
for a particular project in a design watershed.

For the first time this document is published in 2013 as a standard manual to compute PMP in Iran. The
current edition keeps the majority of the content from first to third issues published by WMO. Furthermore
the results from experiences, since 1986, in directly estimating PMP for the requirements of a given project
in a design watershed on probable maximum flood (PMF) in China, the United States of America, Australia
and India.

The methods used in China are characterized by integrating hydrological analysis and calculation into
estimation of PMP/PMF. It must be noticed that procedures for estimating PMP cannot be standardized.
They vary with the amount and quality of data available, basin size and location, basin and regional
topography, storm types producing extreme precipitation, and climate. It would be impossible at this time to
prepare a manual covering all the problems that could possibly be encountered. Nor would it be practicable
to prepare a manual that covers all the situations for which past estimates were derived. As a result, this
manual introduces some basic models, or basic methods and the conditions under which they are applied,
and highlights issues for attention. It is important for professionals to be flexible when using the methods in
actual situations. In some cases it is appropriate to make parallel estimates using more than one method,
followed by comprehensive analysis in order to acquire reasonable PMP estimates.

There are now two classes of PMP estimation methods. The first class (the indirect method) uses an
approach based on storm area. This approach determines PMP for the storm area (the area surrounded by
isohyets) and then converts it into PMP for the collecting area of a particular project in the design watershed.
Methods introduced in Chapters 2 and 3, and 4, 5 and 6 in particular, mostly fall into this class. The second
class (the direct method) adopts an approach based on watershed area. This approach directly estimates PMP
for the collecting area of a particular project in the design watershed. Methods introduced in Chapter 7 are in
this class, and those in Chapters 2 and 3 are also applicable.

The procedures are illustrated by examples from actual studies done by the National Weather Service
(formerly United States Weather Bureau), National Oceanic and Atmospheric Administration, United States
Department of Commerce, the Australian Bureau of Meteorology, and water and power authorities in China
and India.
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