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ʄʝʟʦʤʘʩʰʪʘʙʳ ʚ ʘʪʤʦʩʬʝʨʝ

ʄʝʟʦ-ʘʣʴʬʘ 200-2000 ʢʤ

ʄʝʟʦ-ʙʝʪʘ    20-200 ʢʤ

ʄʝʟʦ-ʛʘʤʤʘ 2-20 ʢʤ

ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚ ʪ.ʯ. ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʵʪʠʭ ʷʚʣʝʥʠʡ ʚ ʉʉʉʈ 60-ʭ: 
ʀ.ɸ.ʂʠʙʝʣʴ, ʃ.ʅ.ɻʫʪʤʘʥ



ʄʝʟʦʤʘʩʰʪʘʙʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʤʦʜʝʣʠ (ʠʩʪʦʨʠʷ)

Roger A. Pielke Sr.

Philippo Giorgi

ʈʝʛʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ (LAM) ʩʫʱʝʩʪʚʦʚʘʣʠ ʩ 70-ʭ 
ʚ ʉʐɸ, ʉʉʉʈ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ. 
ɼʦ ʩʝʨʝʜʠʥʳ 80-ʭ ʰʘʛ ʩʝʪʢʠ ʙʳʣ ʦʙʳʯʥʦ  >100ʢʤ

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʘ 

ʉʐɸ: NGM, 1987 (90 ʢʤ), ETA, 1993, 
MM5 (ʢʦʥʝʮ 90-ʭ), WRF (ʦʢʦʣʦ 2000)

ʉʝʚʝʨʥʘʷ ɽʚʨʦʧʘ: HIRLAM (1985)

ʌʨʘʥʮʠʷ: ALADIN (1993)

ɻʝʨʤʘʥʠʷ LM/COSMO (1999) 

ʀ ʄʅʆɻʀɽ ʜʨʫʛʠʝ

ʈʘʩʯʝʪ çʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʮʠʡè ʠʟʤʝʥʝʥʠʡ
ʢʣʠʤʘʪʘ ðRegCM (NCAR 1989, ʧʦʟʜʥʝʝ ICTP),
HadRM

Jimy Dudhia



ɺʦʧʨʦʩʳ ʜʣʷ ʤʦʣʦʜʦʛʦ ʫʯʝʥʦʛʦ

¸ʉʦʟʜʘʚʘʪʴ ʩʚʦʶ ʤʦʜʝʣʴ ʠʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʛʦʪʦʚʦʡ?
¸ʂʘʢʦʡ ʠʤʝʥʥʦ?
¸ʂʘʢʠʝ ʥʘʩʪʨʦʡʢʠ ʦʧʪʠʤʘʣʴʥʳ?
¸ɻʜʝ ʚʟʷʪʴ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ?
¸ʏʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ?



WRF ʠʟʥʫʪʨʠ

¸ ʅʝʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ
¸ ɻʠʙʨʠʜʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (ʩ ʚʝʨʩʠʠ 4)
¸ ʉʝʪʢʘ ʉ ɸʨʘʢʘʚʳ
¸ ʉʭʝʤʘ ʈʫʥʛʝ-ʂʫʪʪʘ
¸ ʂʦʥʩʝʨʚʘʪʠʚʥʘʷ



WRF ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ

¸ ʈʝʘʣʠʟʦʚʘʥʘ ʥʘ ʌʦʨʪʨʘʥ90, ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʢʦʤʧʠʣʷʪʦʨʳ
¸ ʄʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ (Linux, Mac) ʠʣʠ ʢʣʘʩʪʝʨʝ
¸ ɽʩʪʴ ʧʦʜʜʝʨʞʢʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 
¸ ʂʦʜ ʦʙʱʝʜʦʩʪʫʧʝʥ (ʩʤ. http://www.mmm.ucar.edu/wrf/users)
¸ ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ ʦʙʱʝʜʦʩʪʫʧʥʳ, ʝʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ
¸ ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʬʦʨʤʘʪ (netcdf)
¸ ʎʝʣʳʡ ʨʷʜ ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ
¸ ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʣʦʞʝʥʥʳʝ ʜʦʤʝʥʳ
¸ ʀʤʝʝʪʩʷ ʜʦʢʫʤʝʥʪʘʮʠʷ
¸ ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ çʠʜʝʘʣʴʥʳʭ ʩʣʫʯʘʝʚè
¸ ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʩ ʘʩʩʠʤʠʣʷʮʠʝʡ ʜʘʥʥʳʭ

http://www.mmm.ucar.edu/wrf/users


ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ
ʥʘʙʣʶʜʝʥʠʡ ʩ ʛʨʫʙʳʤ
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 
(ʥʘʧʨʠʤʝʨ, 1Á) ɼʘʥʥʳʝ ʩ ʧʦʚʳʰʝʥʥʳʤ

ʚ 10-100 ʨʘʟ ʨʘʟʨʝʰʝʥʠʝʤ

ɼʘʥʥʳʝ ʦ ʧʦʜʩʪʠʣʘʶʱʝʡ
ʧʦʚʝʨʭʥʦʩʪʠ 

ʏʠʩʣʝʥʥʘʷ
ʤʦʜʝʣʴ 
ʘʪʤʦʩʬʝʨʥʦʡ
ʮʠʨʢʫʣʷʮʠʠ

ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʨʫʛʠʭ

ʤʦʜʝʣʷʭ (ʮʠʨʢʫʣʷʮʠʠ

ʚʦʜ ʤʦʨʷ, ʚʝʪʨʦʚʳʭ ʚʦʣʥ)

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ ʩ ʧʦʤʦʱʴʶ 
ʤʝʟʦʤʘʩʰʪʘʙʥʳʭ ʤʦʜʝʣʝʡ (MM5, WRF, RegCM)



ʇʨʠʤʝʨ ʚʳʙʦʨʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʦʞʝʥʥʳʭ ʜʦʤʝʥʦʚ 

39͙͎ͫͣ͊-͍͔͚ͯͪͦͤ
͍ͨͦ ͔͙͙ͪͭ͊͟͡

˾͔͊ͣͪ͘· ͔͍͒ͦͣͤͦ
млоͻфн
моуͻмнл
нстͻмтп



ʇʨʠʤʝʨ ʚʳʙʦʨʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʦʞʝʥʥʳʭ ʜʦʤʝʥʦʚ 



ww¢a όwŀǇƛŘ wŀŘƛŀǘƛǾŜ ¢ǊŀƴǎŦŜǊ aƻŘŜƭύ ͙ 5ǳŘƘƛŀτ ͒͡Ύ ͪ͊ͫ;͔ͭ͊ ͙ͪ͊͒͊ͼ͙͎ͦͤͤͦͦ ͋͊͊ͤͫ͊͡  ͙͍͍͚͒ͤͤͦͦͤͦͦ͡͡ ͙

͍͍͚ͦͪͦͭͦͦͤͦͦ͟͟͡ ͙ͪ͊͒͊ͼ͙͙ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦ 

Single-Moment 3-classτ͒͡Ύ ͙͙ͦͨͫ͊ͤΎ ͺ͍͊ͦ͘·ͻ ͔͔ͨͪͻ͍ͦ͒ͦ ͍ ͊ͭͣͦͫͺ͔͔ͪ 

MM5 similarityτ͒͡Ύ ͔͙ͨ͊ͪ͊ͣͭͪ͊͘ͼ͙͙ ͙͔͎ͨͪͣͤͦͦ͘ ͫͦ͡Ύ 

Kain-Frisch  τ͒͡Ύ ͪ͊ͫ;͔ͭ͊ ͯ͟;͔͍͚ͦ ͍͔ͦͤ͟͟ͼ͙͙ ͍ ͔͒ͦͣͤ͊ͻ ͫ ͔ͪ͊ͪ͘΄͔͙͔ͤͣ фͻф ͙ оͻо ͣ͟ 

YSU τ͒͡Ύ ͔͙ͨ͊ͪ͊ͣͭͪ͊͘ͼ͙͙ ͔͎ͨ͊ͤͭ͊ͪͤͦͦ͡ ͎͙ͨͦͪ͊ͤ;͎ͤͦͦ ͫͦ͡Ύ

͍̒͡Ύ͔ͭͫΎ ͙͡ ͦͤ͟ͺ͙͎ͯͪ͊ͼ͙ΎΣ ͙ͨͪͤΎͭ͊Ύ ζͨͦ ͯͣͦ͡;͙͊ͤΌηΣ 
͙ͤ͊ͯ͡;΄͔͚Κ

˹͔ͭΦ

ˤ ͪ͊ͫ;͔ͭ͊ͻ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ aaр ͤ͊ ͙͙ͣ͊ͭ͟͡;͔͙͔ͫ͟ ͙ͫͪͦ͟ ͋·͊͡ ͍·͋ͪ͊ͤ͊ ͫͻ͔ͣ͊ tƭŜƛƳ-·ƛǳ ͒͡Ύ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͙ 
˽˽˿Σ ͭΦ͟Φ Ήͭͦͭ ͍͙͊ͪ͊ͤͭ ͍͒͊͊͡ ͍ͨͦ·΄͔ͤͤ·͔ ͤ͊͘;͔͙ͤΎ ͙͍͎ͨͪͦ͒ͤͦͦ ͍͔ͭͪ͊Φ ˻͒ͤ͊ͦ͟Σ ͔ͨͦ͗͘ ͋·͡ ͍·Ύ͍͔ͤ͡ ͙ͫ͡Έͤ·͚ 
ͪ͊͋͊͊ͤͫ͘͡ ͨͦ ͔͍ͭͨͦ͡·ͣ ͨͦͭͦ͊ͣ͟Φ

ʇʨʠʤʝʨ ʚʳʙʦʨʘ ʩʭʝʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ



ʄʝʟʦʤʘʩʰʪʘʙʥʘʷ ʤʦʜʝʣʴ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ

ʉʠʤʙʠʦʟ ʠ ʚʟʘʠʤʥʘʷ ʚʳʛʦʜʘ:
ʦʙʲʝʜʠʥʷʝʪ ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ

1. ɼʘʥʥʳʝ ʦ ʨʝʣʴʝʬʝ ʠ ʪʠʧʘʭ ʧʦʯʚ
2. ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ
3. ɺʝʨʠʬʠʢʘʮʠʷ
4. ʋʩʚʦʝʥʠʝ (ʜʣʷ WRF ðʛʦʪʦʚʳʝ ʤʘʩʩʠʚʳ ʚ BUFR)

ɸ ʯʪʦ ʚʟʘʤʝʥ?

ʏʪʦ ʵʪʦ?



ɺʯʝʨʘ ʚ ʧʨʦʛʥʦʟʝ



ʊʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ

W.Alpers, A.Mouche et al. 2013


