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1.  Introduction 
 
6x Yx fkkz¥¨ ¨z ¦©¢¢z¥¨ nw¢¥z®fwfx¨¦ nx ¯nx¨f¥ ¯fY¨mf¥ kz¥fbY¦¨¦ n¦¦©fd a± ¨mf TfY¨mf¥ 
H¥fdnb¨nzx *fx¨f¥ ãTH*ä Yxd TfY¨mf¥ 3z¥fbY¦¨ Akknbf¦ ãT3A¦äË ¨mf 5±d¥zwf¨fz¥zvzl± Mf¦¨afd 
Y¨ TH* ã5>MÝTH*ä aflYx mz¦¨nxl Yx Yxx©Yv Tnx¨f¥ TfY¨mf¥ .°¢f¥nwfx¨ ãTT.ä nx āÿĀĀÎ  Mmf 
f°¢f¥nwfx¨ a¥nxl¦ ¨zlf¨mf¥ wfwaf¥¦ zk ¨mf z¢f¥Y¨nzxYv kz¥fbY¦¨nxlË ¥f¦fY¥bmË Yxd YbYdfwnb 
bzww©xn¨nf¦ ¨z Ydd¥f¦¦ ¯nx¨f¥ ¯fY¨mf¥ kz¥fbY¦¨ bmYvvfxlf¦Î  
 
Mmf āÿĀĆ TT. bzx¨nx©fd ¯z¥u ¨mY¨ aflYx nx ¨mf āÿĀą TT. ¯n¨m ¨mf f°¢vz¥Y¨nzx zk ĀÝmz©¥ 
¢¥zaYanvn¦¨nb ¦xz¯kYvv ¥Y¨f l©ndYxbf Y¦ Y dnYlxz¦¨nb ¨z ndfx¨nk± ¢z¨fx¨nYv​ ​wf¦z¦bYvf ¦xz¯kYvv 
aYxdnxlÎ Mmn¦ ±fY¥Ð¦ f°¢f¥nwfx¨ kfY¨©¥fd nw¢¥z®fd wzdfv ¢Y¥Ywf¨f¥n´Y¨nzx d©¥nxl ¨mf ,Y± Ā 
kz¥fbY¦¨ ¢f¥nzd nx ?*.HÐ¦ .°¢f¥nwfx¨Yv ?z¥¨m !wf¥nbYx >zdfv ãHY¥Yvvfv ?!>®ăäÎ Mz af¨¨f¥ 
Y¦bf¥¨Ynx ¨mf ¢¥fdnb¨Yanvn¨± zk ¨mf¦f wf¦z¦bYvf ¦xz¯kYvv aYxd¦Ë f°¢f¥nwfx¨Yv ®f¥¦nzx¦ zk ¨mf 
5nlmÝKf¦zv©¨nzx KY¢nd Kfk¥f¦m ã5KKKä Yxd 5KKK MnwfÝ=Yllfd .x¦fwavf ã5KKKÝM=.ä ¢¥z®ndfd 
a± ¨mf .Y¥¨m L±¦¨fw Kf¦fY¥bm =Yaz¥Y¨z¥± ã.LK=äË Yxd ¨mf ?Y¨nzxYv *fx¨f¥ kz¥ !¨wz¦¢mf¥nb 
Kf¦fY¥bm ã?*!Kä L¨z¥wÝLbYvf .x¦fwavf ¯f¥f f®Yv©Y¨fdÎ  ! w©v¨nÝwzdfv fx¦fwavf zk nw¢vnbn¨ 
¦xz¯kYvv kz¥fbY¦¨¦ ¯Y¦ ¨f¦¨fd ¨mn¦ ±fY¥Ë Y¦ ¯fvv Y¦ Yx f®Yv©Y¨nzx zk Y wzdfv nw¢vnbn¨ H¥zaYanvn¨± 
zk Tnx¨f¥ H¥fbn¢n¨Y¨nzx 3z¥fbY¦¨ ãHTH3ä nx ¨mf ,Y± āÝĂ ¨nwf ¢f¥nzd¦Î  
 
Mmf āÿĀĆ f°¢f¥nwfx¨ dfa©¨fd ¨mf f°¢vz¥Y¨nzx zk n¦¦©nxl az¨m b¥n¨f¥nYÝaY¦fd ¯nx¨f¥ ¯fY¨mf¥ 
¯Y¨bmf¦ Yxd nw¢Yb¨¦ÝaY¦fd ¯nx¨f¥ ¯fY¨mf¥ Yvf¥¨¦ Y¦ Y xY¨nzxYv bfx¨f¥Ë bzw¢vnYx¨ ¯n¨m Yx !3L 
3VĀĆ >nvf¦¨zxf ¨z ¢vYx Y ¢¥z¨z¨±¢f zk Y bzvvYaz¥Y¨n®f TH*ÝT3A Tnx¨f¥ L¨z¥w TY¨bm n¦¦©YxbfÎ 
Mmf TH* TY¨bm *zvvYaz¥Y¨z¥Ë ¯mnbm ©¦f¦ ¨mf TH* HTH3 Yxd T3A ¯nx¨f¥ ¦¨z¥w ¯Y¨bm b¥n¨f¥nYË 
¯Y¦ df¦nlxfd ¨z zkkf¥ ¨mf T3A knfvd zkknbf¦ Y ¨zzv kz¥ bzvvYaz¥Y¨nzx Ywzxl ¦©¥¥z©xdnxl zkknbf¦ 
¯mfx df¨f¥wnxnxl az©xdY¥nf¦ Yxd n¦¦©Yxbf ¨nwf¦ zk ¯nx¨f¥ ¦¨z¥w ¯Y¨bmf¦ Yxd ¯Y¦ Y 
bz¥xf¥¦¨zxf l©ndYxbf ¨zzvÎ  A¨mf¥ ¨zzv¦ nxbv©dfd dn¦Yll¥flY¨fd HTH3 nx¨z ąÝmz©¥ kz¥fbY¦¨¦Ë 
f°¢f¥nwfx¨Yv TH* df®fvz¢fd tznx¨ ¢¥zaYanvn¨± ¨zzv¦Ë Yxd ¨mf ?Y¦mÙ*zaa Tnx¨f¥ L¨z¥w Lf®f¥n¨± 
6xdf° ãTLL6ä ¢¥z¨z¨±¢f ã​m¨¨¢ÍÙÙ¯¯¯Î¯fY¨mf¥Îlz®ÙwfdnYÙa¨®Ù¯¦¦nÙTLL6àH,,Î¢dk​äÎ 
 
Mz nxb¥fY¦f f°¢z¦©¥f ¨z ¨mf f°¢f¥nwfx¨Yv dY¨Y¦f¨¦ Yxd bzxbf¢¨¦ afnxl ¨f¦¨fd nx ¨mf TT.Ë Y 
dYnv± kz¥fbY¦¨ a¥nfknxl ¯Y¦ YlYnx ¢¥z®ndfd kz¥ nx¨f¥f¦¨fd ?TL LAA¦ Yxd T3A¦ a± TT. 
¢Y¥¨nbn¢Yx¨¦Î  Mmf¦f a¥nfknxl¦ Y¨¨fw¢¨fd ¨z ¦nw©vY¨f Y bzvvYaz¥Y¨nzx bzxbf¢¨ ¯n¨m bfx¨f¥Ýn¦¦©fd 
¯Y¨bmf¦ Yxd ¢¥z®ndfd Yx z¢¢z¥¨©xn¨± kz¥ T3A kz¥fbY¦¨f¥¦ ¨z Y¦u ¤©f¦¨nzx¦ Yxd zkkf¥ kffdaYbuÎ 
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2.  Science and Operations Goals 
 
Mmf lzYv¦ zk ¨mf āÿĀĆ Tnx¨f¥ TfY¨mf¥ .°¢f¥nwfx¨ ¯f¥f ¨zÍ 
 

ǐ .°¢vz¥f ¨mf .°¢f¥nwfx¨Yv 5KKK Yxd 5KKKÝM=. kz¥ ¯nx¨f¥ ¯fY¨mf¥ kz¥fbY¦¨nxlË nxbv©dnxl 
ĀÝmz©¥ ¦xz¯kYvv Ybb©w©vY¨nzxÎ 

▪ .®Yv©Y¨f xfnlmaz¥mzzd ®f¥¦©¦ l¥nd ¦¢Ybnxl ¢¥zaYanvn¨nf¦ kz¥ kz¥fbY¦¨nxl mz©¥v± ¦xz¯kYvv 
Ywz©x¨¦Î 

ǐ .®Yv©Y¨f ¨mf ¢Y¥Yvvfv Ă uw ?!>®ă kz¥ ĀÝmz©¥ ¦xz¯kYvv ¥Y¨f kz¥fbY¦¨¦Î 
ǐ .°¢vz¥f ¨mf ©¨nvn¨± zk tznx¨ ¢¥zaYanvn¨± ¨zzv¦ kz¥ ¯nx¨f¥ ¯fY¨mf¥ nw¢Yb¨¦ÝaY¦fd 

kz¥fbY¦¨nxlÎ 
ǐ .°Ywnxf ¨mf ©¨nvn¨± zk ¨mf TH* TY¨bm *zvvYaz¥Y¨z¥ ¨¥fxd ¨zzv¦Î 
▪ .®Yv©Y¨f ¨mf ©¨nvn¨± zk Y wzdfv nw¢vnbn¨ HTH3 wf¨mzdzvzl±Î 
ǐ Mf¦¨ ¨mf ©¨nvn¨± zk n¦¦©nxl az¨m f°¢f¥nwfx¨YvË nw¢Yb¨¦ÝaY¦fd ¯nx¨f¥ ¯fY¨mf¥ Yvf¥¨¦ Y¦ 

¯fvv Y¦ ¨¥Ydn¨nzxYv ¯nx¨f¥ ¯fY¨mf¥ ¯Y¨bmf¦ k¥zw Y xY¨nzxYv bfx¨f¥ ¢f¥¦¢fb¨n®fÎ 
ǐ .xmYxbf bzvvYaz¥Y¨nzx Ywzxl ?*.H bfx¨f¥¦Ë T3A¦Ë Yxd ?A!! ¥f¦fY¥bm vYa¦ zx ¯nx¨f¥ 

¯fY¨mf¥ kz¥fbY¦¨ bmYvvfxlf¦Î 
 
3Y¦¨ knxdnxl¦ kz¥ ¦bnfxbf Yxd z¢f¥Y¨nzx¦ lzYv¦ bYx af kz©xd nx MYavf ĀÎ 
 
Table 1​Î 3VþĄ M¥Yx¦n¨nzx >f¨¥nb¦ k¥zw ¨mf ÿýþĄ Tnx¨f¥ TfY¨mf¥ .°¢f¥nwfx¨ 
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3.  Experiment Operations 
 
Mmf f°¢f¥nwfx¨ ¯Y¦ bzxd©b¨fd kz¥ kz©¥ ¯ffu¦ aflnxxnxl  ;Yx©Y¥± ĀĆË āÿĀĆ nx ¨mf TH*ÝAH* 
*zvvYaz¥Y¨nzx Kzzw Y¨ ¨mf ?A!! *fx¨f¥ kz¥ TfY¨mf¥ Yxd *vnwY¨f H¥fdnb¨nzx ã?*T*Hä nx 
*zvvflf HY¥uË >,Í 
 

Tffu ĀÍ  ;Yx©Y¥± ĀĆ Þ ĀĈË āÿĀĆ ãM©f¦dY± Þ Mm©¥¦dY±ä 
Tffu āÍ ;Yx©Y¥± Ăÿ Þ 3fa¥©Y¥± ĂË āÿĀĆ ã>zxdY± Þ 3¥ndY±ä 
Tffu ĂÍ  3fa¥©Y¥± ą Þ ĀÿË āÿĀĆ ã>zxdY± Þ 3¥ndY±ä 
Tffu ăÍ  3fa¥©Y¥± ĀĂ Þ ĀĆË āÿĀĆ ã>zxdY± Þ 3¥ndY±ä 

 
.Ybm wz¥xnxlË f°¢f¥nwfx¨ ¢Y¥¨nbn¢Yx¨¦ ¯f¥f ¢Yn¥fd ¯n¨m Y TH* Tnx¨f¥ TfY¨mf¥ ,f¦u 
kz¥fbY¦¨f¥ ¨z kz¥w Y bzvvYaz¥Y¨n®f kz¥fbY¦¨ ¨fYwÎ  Mmf¦f kz¥fbY¦¨ ¨fYw¦ ©¦fd Y bzwanxY¨nzx zk 
z¢f¥Y¨nzxYv Yxd f°¢f¥nwfx¨Yv wzdfv l©ndYxbf ¨z b¥fY¨f f°¢f¥nwfx¨Yv āă m¥ df¨f¥wnxn¦¨nb 
¦xz¯kYvv kz¥fbY¦¨¦ Yb¥z¦¦ ¨mf bzx¨nl©z©¦ Nxn¨fd L¨Y¨f¦ ã*A?NLä kz¥ ¯fY¨mf¥ ¦±¦¨fw¦ zk nx¨f¥f¦¨ 
d©¥nxl ¨mf ​Day 2 (12 – 12 UTC) time period​Î   HY¥¨nbn¢Yx¨¦ ¯f¥f Y¦ufd ¨z d¥Y¯ bzx¨z©¥¦ zk ĀË āË 
ăË ćË ĀāË Yxd āÿ nxbm ¦xz¯kYvv Ywz©x¨¦ z®f¥ ¨mf fx¨n¥f bz©x¨¥±Î  HY¥¨nbn¢Yx¨¦ ¨mfx b¥fY¨fd Y āă 
m¥ *A?NL df¨f¥wnxn¦¨nb nbf kz¥fbY¦¨ d©¥nxl ¨mf ¦Ywf ​Day 2 (12 – 12 UTC) period​Ë ¯n¨m bzx¨z©¥¦ 
zk ÎÿĀË ÿÎĀË ÿÎāĄË Yxd ĞĜÿÎĄÒ zk nbf Ybb©w©vY¨nzxÎ 
 
N¦nxl ¨mf¦f ¨¯z Y¦¦f¦¦wfx¨¦ zk ¯nx¨f¥ ¯fY¨mf¥ z®f¥ ¨mf *A?NLË ¢Y¥¨nbn¢Yx¨¦ n¦¦©fd 
f°¢f¥nwfx¨Yv ¯nx¨f¥ ¯fY¨mf¥ ¯Y¨bmf¦ kz¥ ,Y± āÎ  Mmf TH* TY¨bm *zvvYaz¥Y¨z¥ ¨m¥f¦mzvd¦ kz¥ 
wff¨nxl ¨mf T3A ¦xz¯ Yxd nbf ¯nx¨f¥ ¦¨z¥w ¯Y¥xnxl b¥n¨f¥nY ¢¥z®ndfd Y ¦¨Y¥¨nxl ¢znx¨ ã3nl©¥f 
ĀäÎ  Mmfx Y¦ Y ¦fbzxd ¯Y¨bmÝ¥fvY¨fd f°f¥bn¦fË ¨mf ¢Y¥¨nbn¢Yx¨¦ n¦¦©fd nw¢Yb¨¦ÝaY¦fd Tnx¨f¥ 
!vf¥¨¦ aY¦fd zx Y¦ f°¢f¥nwfx¨Yv tznx¨ ¢¥zaYanvn¨nf¦Ë ¨mf TLL6 ¨zzvË Yxd ¦©atfb¨n®f fxmYxbfwfx¨ 
zk Y®YnvYavf l©ndYxbfÎ 
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Figure 1.​ !x f°Yw¢vf zk ¨mf ¢Y¥¨nbn¢Yx¨Ð¦ df¨f¥wnxn¦¨nb ¦xz¯kYvv kz¥fbY¦¨ ã±fvvz¯ bzx¨z©¥¦ä 
z®f¥vYnd ©¢zx ¨mf T3A ¦xz¯ ¯nx¨f¥ ¯Y¥xnxl b¥n¨f¥nY ¨z knxd Y¥fY¦ zk f°bffdYxbf ®Yvnd 3fa¥©Y¥± 
ÿË ÿýþĄ 

 
,©¥nxl ¨mf Yk¨f¥xzzxË ¢Y¥¨nbn¢Yx¨¦ f°Ywnxfd ¨mf vY¨f¦¨ f°¢f¥nwfx¨Yv Yxd z¢f¥Y¨nzxYv 
¦mz¥¨Ý¥Yxlf l©ndYxbf ¨z Y¦¦f¦¦ ¦xz¯kYvv kz¥ ¨mf ​Day 1 (18 - 12 UTC) period​Î  *mzz¦nxl Yx 
Yb¨n®fÝ¯fY¨mf¥ Y¥fY z®f¥ Y vnwn¨fd dzwYnx Yxd Y ¨fw¢z¥Yv ¯nxdz¯ zk Ă mz©¥¦ z¥ wz¥f kz¥ ¢fYu 
nw¢Yb¨Ë ¢Y¥¨nbn¢Yx¨¦ n¦¦©fd zxf z¥ wz¥f ¢¥zaYanvn¦¨nb ¦xz¯kYvv ¥Y¨f kz¥fbY¦¨¦ ¯mnbm nxbv©dfdÍ 

ĀÎä Mmf ¢¥zaYanvn¨± zk f°bffdnxl ÿÎĄÒË  ĀÒË  āÒ z¥ ĂÒ zk ¦xz¯kYvv ¢f¥ mz©¥ z®f¥ ¨mf 
kz¥fbY¦¨ ¢f¥nzdÎ 

āÎä !x nxdnbY¨nzx zk ¨mf ¨nwf ¢f¥nzd ¯n¨mnx ¯mnbm ¨mf mnlmÝnw¢Yb¨ ¦xz¯kYvv ¥Y¨f  n¦ 
f°¢fb¨fd ¨z zbb©¥Î 

 
Mm¥z©lmz©¨ ¨mf kz¥fbY¦¨ ¢¥zbf¦¦Ë ¢Y¥¨nbn¢Yx¨¦ ndfx¨nknfd ¦¢fbnknb l©ndYxbf ¨mY¨ ¦©¢¢z¥¨fd ¨mfn¥ 
kz¥fbY¦¨ ¥Y¨nzxYvfÎ  Mmf¦f ¯f¥f ¦Y®fd Y¦ nwYlf¦ ¯f¥f nx¦f¥¨fd nx¨z Y kz¥fbY¦¨ dn¦b©¦¦nzx 
Hz¯f¥Hznx¨ ¢¥f¦fx¨fd d©¥nxl Y ¯fY¨mf¥ a¥nfknxl ¢¥z®ndfd ¨z nx¨f¥f¦¨fd vzbYv ?TL zkknbf¦ fYbm 
Yk¨f¥xzzxÎ 
 
=Y¦¨v±Ë ¢Y¥¨nbn¢Yx¨¦ ¦¨f¢¢fd ¨m¥z©lm dYnv± ¦bnfxbf ¤©f¦¨nzx¦ ¯n¨m ¨mf 5>M kYbnvn¨Y¨z¥¦ bzvvfb¨nxl 
¦©atfb¨n®f f®Yv©Y¨nzx Yxd nxkz¥wY¨nzx zx ¨mf ¢f¥kz¥wYxbf zk az¨m ¨mf f°¢f¥nwfx¨Yv kz¥fbY¦¨¦ 
Yxd ¨mf f°¢f¥nwfx¨Yv wzdfv l©ndYxbfÎ  6x Yddn¨nzxË Y¨ ¨mf fxd zk fYbm ¯ffu ¢Y¥¨nbn¢Yx¨¦ ¯f¥f 
Y¦ufd ¨z ¢¥z®ndf kffdaYbu Yaz©¨ ¨mf ¦fvfb¨ f°¢f¥nwfx¨Yv kz¥fbY¦¨ ¨zzv¦Î 
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Verification 
 
.®Yv©Y¨nzx¦ zk Yx± ¤©f¦¨nzx¦ ¯mf¥f Y āă mz©¥ ¦xz¯kYvv YxYv±¦n¦ ¯Y¦ xffdfd ã¨mf ,Y± ā 
df¨f¥wnxn¦¨nb ¦xz¯kYvv kz¥fbY¦¨Ë ¨mf TH* ,f¨f¥wnxn¦¨nb 6w¢vnbn¨ )vfxdÙĄÝuw Tnx¨f¥ TfY¨mf¥ 
.x¦fwavf Yxd HTH3¦äË ©¨nvn´fd ®f¥¦nzx zxf zk ?Y¨nzxYv A¢f¥Y¨nzxYv 5±d¥zvzlnb Kfwz¨f Lfx¦nxl 
*fx¨f¥Ð¦ ã?A5KL*®Āä  ¨¯zÝdY± ¤©Yvn¨±Ýbzx¨¥zvvfd āă mz©¥ Āāÿÿ NM* ?A5KL* ¦xz¯kYvv YxYv±¦n¦Î 
,Y¨Y ¦z©¥bf¦ kz¥ ¨mf YxYv±¦n¦ nxbv©df Yvv ¢z¦¦navf za¦f¥®Y¨nzx xf¨¯z¥u¦ ãfÎlÎ *AAH Yxd 
*z*zKY5Lä Yxd Y ¦¢Y¨nYv nx¨f¥¢zvY¨nzx zk ¨mf¦f za¦f¥®Y¨nzx¦ n¦ ¢f¥kz¥wfd ®nY Y kn°fdË )Y¥xf¦ 
āÝ¢Y¦¦Ë wf¨mzd ¯n¨m kn°fd nx¨f¥¢zvY¨nzx ¢Y¥Ywf¨f¥¦Î  ! ¦Yw¢vf zk Y ?A5KL*®Ā YxYv±¦n¦ n¦ 
¦mz¯x nx 3nl©¥f āÎ  
 

 
Figure 2. ​?A5KL*®þ ÿāÝmz©¥ ¦xz¯kYvv YxYv±¦n¦ ®Yvnd Y¨ þÿX 3fa¥©Y¥± ĆË ÿýþĄÎ  3nl©¥f k¥zw 
m¨¨¢¦ÍÙÙ¯¯¯Îxzm¥¦bÎxzYYÎlz®Ù¦xz¯kYvvÙÎ 

 
!x ©¢l¥Ydf ¨z ¨mf ?A5KL* ¦xz¯kYvv YxYv±¦n¦ aflYx ¥©xxnxl nx fY¥v± ;Yx©Y¥± āÿĀĆÎ  Mmn¦ 
df®fvz¢wfx¨Yv ®f¥¦nzx ã?A5KL*®āä ¯Y¦ zxv± Y®YnvYavf Y¦ Y ¯fa l¥Y¢mnb ãY®YnvYavf Y¨Í 
m¨¨¢ÍÙÙ¯¯¯Îxzm¥¦bÎxzYYÎlz®Ù¦xz¯kYvvà®āÙ​äÎ  !v¨mz©lm ¨mn¦ ®f¥¦nzx n¦ bvY¦¦nknfd Y¦ 
Ñ¢¥fÝf°¢f¥nwfx¨Yv Yxd xzxÝz¢f¥Y¨nzxYvËÒ n¨ ¦mz¯fd ¨¥fwfxdz©¦ ¢¥zwn¦f nx bY¢¨©¥nxl ¦xz¯kYvv 
nx ¨mf Tf¦¨f¥x Nxn¨fd L¨Y¨f¦ Yxd ¯Y¦ ©¦fd ¨z ¦©¢¢vfwfx¨ ¨mf ?A5KL*®Ā nx ¨mz¦f Y¥fY¦Î  !x 
f°Yw¢vf zk ¨mf¦f dnkkf¥fxbf¦ n¦ ¦mz¯x nx 3nl©¥f ĂÎ  Lzwf zk ¨mf bmYxlf¦ nx ®f¥¦nzx ā nxbv©df 
nw¢¥z®fwfx¨¦ ¨z ¨mf Y©¨zwY¨nb ¤©Yvn¨± bzx¨¥zvË ¨mf nxbv©¦nzx zk Y anY¦Ýbz¥¥fb¨fd kn¥¦¨Ýl©f¦¦ 
knfvd  aY¦fd zx Yll¥flY¨fd 5KKK ¯Y¨f¥ f¤©n®Yvfx¨ ¦xz¯ df¢¨mË Yxd ¨mf ¦xz¯Ý¨zÝvn¤©nd ¥Y¨nz 
xz¯ ©¦f¦ Yx ©¢dY¨fd ®f¥¦nzx zk ¨mf )Y°¨f¥ ãāÿÿĄä bvnwY¨zvzl±Î 
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Figure 3.​ ​?A5KL*®ÿ ã¨z¢ä bzw¢Y¥fd ¨z ?A5KL*®þ ãaz¨¨zwä kz¥ ÿāÝmz©¥ ¦xz¯kYvv Ybb©w©vY¨nzx 
®Yvnd Y¨ þÿX zx ;Yx©Y¥± þĆË ÿýþĄÎ 
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! bzwanxY¨nzx zk dY¨Y¦f¨¦ ¯f¥f ©¦fd nx ¨mf  ®f¥nknbY¨nzx zk ¦©aÝāă mz©¥ ¦xz¯kYvv Ybb©w©vY¨nzx¦ 
¥f¤©n¥fd kz¥ ¨mf f°¢f¥nwfx¨Yv ¢¥zaYanvn¦¨nb ¦xz¯kYvv ¥Y¨f kz¥fbY¦¨ Yxd Y¦¦zbnY¨fd ¦xz¯kYvv ¥Y¨f 
wzdfv l©ndYxbfÎ  ​Mmf bzw¢zxfx¨¦ zk ¨mf ®f¥nknbY¨nzx wf¨mzdzvzl± Y¥f L¨Ylf 6S mz©¥v± 
¢¥fbn¢n¨Y¨nzx dY¨Y ã=nx Yxd >n¨bmfvvË āÿÿĄä Yxd mz©¥v± nxn¨nYvn´Y¨nzx knfvd¦ k¥zw ¨mf ĀĂ uw KY¢nd 
Kfk¥f¦m >zdfv ãK!HäÎ  Mmf ¢¥fbn¢n¨Y¨nzx ¨±¢f n¦ df¥n®fd a± fw¢vz±nxl Y TH* Yvlz¥n¨mw ¯mnbm 
¦bYx¦ kz¥ k¥ff´nxl ¨fw¢f¥Y¨©¥f¦ Y¨ ĈāĄ mHYË ćĄÿ mHYË Yxd Ćÿÿ mHY ¨z f¦¨nwY¨f ¨mf df¢¨m zk ¨mf 
bzvd vY±f¥ Y¦ ¯fvv Y¦ Yx± wfv¨nxl Yxd ¥fÝk¥ff´nxl vY±f¥¦ ¨z ndfx¨nk± Y ¦vff¨ z¥ k¥ff´nxl ¥Ynx 
fx®n¥zxwfx¨Î  M¯zÝwf¨f¥ ¨fw¢f¥Y¨©¥f¦ Y¥f ©¦fd ¨z dn¦¨nxl©n¦m k¥ff´nxl ¥Ynx ®f¥¦©¦ ¥YnxÎ  6k 
¦vff¨Ë k¥ff´nxl ¥YnxË z¥ ¥Ynx Y¥f ¥©vfd z©¨Ë ¦xz¯ n¦ ndfx¨nknfd Y¦ ¨mf ¢¥fbn¢n¨Y¨nzx ¨±¢f ¯mf¥f ćĄÿ 
mHY ¨fw¢f¥Y¨©¥f¦ Y¥f vf¦¦ ¨mYx ÿ dfl¥ff¦ *fv¦n©¦ ãÝā dfl¥ff¦ *fv¦n©¦ z®f¥ mnlmf¥ ¨f¥¥YnxäÎ  3z¥ 
Y¥fY¦ ¯mf¥f ¦xz¯ n¦ ndfx¨nknfd d©¥nxl Y ¢Y¥¨nb©vY¥ mz©¥Ë Y ĀÿÍĀ ¦xz¯Ý¨zÝvn¤©nd ¥Y¨nz n¦ Y¢¢vnfd ¨z 
¨mf  mz©¥v± L¨Ylf 6S ¢¥fbn¢n¨Y¨nzx dY¨YÎ  3z¥ Y¥fY¦ ¯mf¥f ¦vff¨ n¦ df¨f¥wnxfd ¨z af ¨mf ¢¥f®Ynvnxl 
¢¥fbn¢n¨Y¨nzx ¨±¢fË Y āÍĀ L=K n¦ Y¢¢vnfdÎ  Mmf za¦f¥®fd Y¥fY¦ zk ¦xz¯ Yxd ¦vff¨ Y¥f bzwanxfd nx Y 
wz¦Ynb ¨z ¢vz¨ f¦¨nwY¨fd mz©¥v± ¦xz¯kYvv Ywz©x¨¦ nx ÿÎāĄÒ nxb¥fwfx¨¦Ë Y¦ ¦mz¯x nx 3nl©¥f ăÎ  
 

 
Figure 4.  ​5z©¥v± ¦xz¯kYvv Ybb©w©vY¨nzx aY¦fd zx ¨mf L¨Ylf 6SÙK!H !xYv±¦n¦ ®Yvnd Y¨ þāýýX 
3fa¥©Y¥± ĆË ÿýþĄÎ 
 
Mmf L¨Ylf 6SÙK!H YxYv±¦n¦ ¯Y¦ Yv¦z ©¦fd Y¦ ®f¥nknbY¨nzx kz¥ ¨mf df¨f¥wnxn¦¨nb k¥ff´nxl ¥Ynx 
kz¥fbY¦¨¦Ë ¯n¨m >.M!K ¥f¢z¥¨¦ k¥zw ¦¨Y¨nzx¦ ¨mY¨ ¯f¥f vzbY¨fd ¯n¨mnx ¨mf kz¥fbY¦¨ bzx¨z©¥¦ 
©¦fd Y¦ Y ¦©¢¢vfwfx¨Î  L¨Ylf 6S ​¤©Yx¨n¨Y¨n®f ¢¥fbn¢n¨Y¨nzx f¦¨nwY¨f¦ ãJH.ä ​¯f¥f ©¦fd ¨z ®f¥nk± 
¤©Yx¨n¨Y¨n®f ¢¥fbn¢n¨Y¨nzx kz¥fbY¦¨¦ ãJH3äÎ  3nxYvv±Ë ¢¥fbn¢n¨Y¨nzx ¨±¢f Yxd ¢¥fbn¢n¨Y¨nzx ¥Y¨f 
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k¥zw ¨mf ¨mf >©v¨nÝKYdY¥Ë >©v¨nÝLfx¦z¥ ã>K>Lä xf¨¯z¥u ¯f¥f ©¦fd ¨z ®f¥nk± ¦¨¥nb¨v± k¥z´fx 
ã¦xz¯ä ¢¥fbn¢n¨Y¨nzx ¥Y¨f¦ ¯n¨mz©¨ Y ¦xz¯Ý¨zÝvn¤©nd ¥Y¨nzÎ  Axv± ¯mf¥f ¨mf >K>L 
¢¥fbn¢n¨Y¨nzxÝ¨±¢f ¦mz¯fd ¦xz¯ ¯z©vd ¨mf ¢¥fbn¢n¨Y¨nzxÝ¥Y¨f¦ af dn¦¢vY±fdÎ 
 
Featured Guidance and Tools for Experimental Forecasts 
 
6x Yddn¨nzx ¨z ¨mf k©vv w©v¨nÝbfx¨f¥ ¦©n¨f zk df¨f¥wnxn¦¨nb Yxd fx¦fwavf l©ndYxbf Y®YnvYavf ¨z 
TH* kz¥fbY¦¨f¥¦Ë ¢Y¥¨nbn¢Yx¨¦ bzx¦ndf¥fd ¦f®f¥Yv dnkkf¥fx¨ ¦xz¯kYvv kz¥fbY¦¨nxl dY¨Y ¦f¨¦ Yxd 
¨fbmxn¤©f¦ ¯mnvf ¢¥f¢Y¥nxl ¨mfn¥ ,Y± ā df¨f¥wnxn¦¨nb ¦xz¯kYvv Yxd nbf kz¥fbY¦¨¦Î  HY¥¨nbn¢Yx¨¦ 
mYd Ybbf¦¦ ¨z ¨mf f°¢f¥nwfx¨Yv 5KKK MnwfÝ=Yllfd .x¦fwavf ã5KKKÝM=.ä ¦±¦¨fw k¥zw ¨mf .Y¥¨m 
L±¦¨fw Kf¦fY¥bm =Yaz¥Y¨z¥± ã.LK=ä Y¦ ¯fvv Y¦ TH*Ð¦ z¢f¥Y¨nzxYv Yxd f°¢f¥nwfx¨Yv HTH3 
fx¦fwavf ¨mY¨ n¦ ©¦fd ¨z df¥n®f TH*Ð¦ ¢¥zaYanvn¦¨nb ¯nx¨f¥ ¢¥fbn¢n¨Y¨nzx kz¥fbY¦¨¦Î  >zdfv 
nw¢vnbn¨ ¦xz¯kYvv l©ndYxbf ¯Y¦ Yv¦z Y®YnvYavf kz¥ ¢Y¥¨nbn¢Yx¨¦Î MYavf ā ¦©wwY¥n´f¦ ¨mf wzdfv 
l©ndYxbf ¨mY¨ ¯Y¦ Y®YnvYavf kz¥  ¨mf ¦mz¥¨ ¥Yxlf ¢z¥¨nzx zk ¨mf f°¢f¥nwfx¨Ë Yxd wz¥f 
nxkz¥wY¨nzx Yaz©¨ fYbm dY¨Y¦f¨ n¦ ¢¥z®ndfd afvz¯Î 

 
Table 2.​  3fY¨©¥fd ,Y± þÝÿ l©ndYxbf kz¥ ¨mf ÿýþĄ 5>MÝTH* Tnx¨f¥ TfY¨mf¥ .°¢f¥nwfx¨Î 
.°¢f¥nwfx¨Yv l©ndYxbf n¦ ¦mYdfdÎ 
Provider 

Model 
Resolution Forecast 

Hours 
Notes 

.>* ?!> ?f¦¨ ă uw ąÿ 
Mmf z¢f¥Y¨nzxYv ?!> ?f¦¨ n¦ Y 
mnlmf¥ ¥f¦zv©¨nzx xf¦¨ zk ¨mf Āā uw 
¢Y¥fx¨ ?!> 

.>* 
LK.3 

ãāą wfwaf¥¦ä 

Āą uw 
ãĂā uw 
dn¦¢vY±ä 

ćĆ 

M¯z d±xYwnbYv bz¥f¦ ã!KT Yxd 
?>>)Ë ĀĂ wfwaf¥¦ fYbmäÌ 
Sf¥¨nbYv ¥f¦zv©¨nzx k¥zw ĂĄÝăÿ 
vf®fv¦Ë wz¦¨v± nx ¨mf H)=Ì l¥fY¨f¥ 
dn®f¥¦n¨± nx wzdfv nxn¨nYv 
bzxdn¨nzx¦Ë ¢f¥¨©¥aY¨nzx¦Ë ¢m±¦nb¦ 

.>* 
4.3L 

ãāĀ wfwaf¥¦ä 
ĄĄ uw Āąć 

LfwnÝ=Yxl¥YxlnYxÌ 4L6Ù.x<3 m±a¥nd 
YxYv±¦n¦Ì ®f¥¨nbYv ¥f¦zv©¨nzx zk ąă 
vf®fv¦ 

TH* 
HTH3 

fx¦fwavf 
ãĆÿ wfwaf¥¦ä 

āÿ uw Ćā 

A¢f¥Y¨nzxYv HTH3 fx¦fwavfÌ 
wfwaf¥¦mn¢ df¨Ynv¦ kzvvz¯ afvz¯Ì 
L=K n¦ Yx Y®f¥Ylf zk w©v¨n¢vf 
¨fbmxn¤©f¦  

.>* 
HY¥Yvvfv ?!>®ă 

?f¦¨ 
Ă uw ąÿ 

Ă uw *A?NL Yxd Ă uw !vY¦uY xf¦¨ 

.LK= 

5KKKÝM=. 
ãmnlmÝ¥f¦zv©¨nzx 

¨nwfÝvYllfd 
fx¦fwavfä  

Ă uw āă 

?fnlmaz¥mzzd fx¦fwavnxl 
Y¢¢¥zYbm bYvb©vY¨fd z®f¥ Y Ă uw 
l¥nd zk ¨nwfÝvYllfd 5KKK®Ă 
df¨f¥wnxn¦¨nb wfwaf¥¦ 

.LK= 5KKK®Ă Ă uw Āć ãYvv mz©¥¦ä ,f¨f¥wnxn¦¨nb .°¢f¥nwfx¨Yv 5KKK 
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Ăą ãf®f¥± Ă 
mz©¥¦ä 

ăć ãÿÿÙĀāXä 

?*!K 
?*!K L¨z¥w 

LbYvf .x¦fwavf Ă uw ăć 
ĀÿÝwfwaf¥ mnlm ¥f¦zv©¨nzxË 
bzx®fb¨n®f Yvvz¯nxl wzdfv z®f¥ 
¨mf *A?NLÎ  ÿÿX zxv±Î 

TH* 
5K!>Ă. 
.x¦fwavf 

Ą uw Ăą 
TH* w©v¨n¢vnbY¨n®f dz¯x¦bYvnxl 
Ydt©¦¨wfx¨ ¨z mnÝ¥f¦ w©v¨nÝwzdfv 
fx¦fwavf 

TH* 
5K!>Ă4 
.x¦fwavf 

Ą uw Ăą 
TH* w©v¨n¢vnbY¨n®f dz¯x¦bYvnxl 
Ydt©¦¨wfx¨ ¨z mnÝ¥f¦ w©v¨nÝwzdfv 
fx¦fwavf 

TH* 
5K!>Ă4Ù. 

Tnx¨f¥ 
.x¦fwavf 

Ą uw Ăą 
LYwf Y¦ Yaz®f a©¨ ¯n¨m ¯nx¨f¥ 
knfvd¦ nxbv©dnxl ¦xz¯ Ybb©w©vY¨nzx 
Yxd ¢¥fbn¢n¨Y¨nzx ¨±¢f 

TH* 
6w¢vnbn¨ 

,f¨f¥wnxn¦¨nb 
L©¢f¥ )vfxd 

āÿ uw Ćā 

)vfxd zk ¦n° wzdfv nw¢vnbn¨ 
¦xz¯kYvv ¦zv©¨nzx¦ k¥zw 43L ©¦nxl 
Kzaaf¥ L=KË ?!>Āā ¥nwf kYb¨z¥ 
wzdnknfd Kzfaaf¥ L=KË ?!>Āā 
¥nwf kYb¨z¥ wzdnknfd )Y°¨f¥ 
bvnwY¨zvzlnbYv L=KË ¨mf bmYxlf nx 
¦xz¯ df¢¨m k¥zw ¨mf 43LË bmYxlf 
nx ¦xz¯ df¢¨m k¥zw ¨mf ?!>Ë 
¦xz¯kYvv k¥zw āĆuw .*>T3Ë Yxd 
.©¥z¢fYx *fx¨f¥ fx¦fwavf wfYx 
¦xz¯kYvvÎ 

TH* 

6w¢vnbn¨ 
HTH3 

fx¦fwavf 
ãĆā wfwaf¥¦ä 

āÿ uw Ćā 

.°¢f¥nwfx¨Yv HTH3 fx¦fwavf 
nxbv©df¦ ¨mf TH* ¦xz¯kYvv 
kz¥fbY¦¨Ë .*.?L wfwaf¥¦Ë az¨m 
!KT Yxd ?>>) LK.3 wfwaf¥¦Ë 
4.3L wfwaf¥¦Ë ð ,f¨f¥wnxn¦¨nb 
L©¢f¥ )vfxd 

TH* 

TH* .°¢ 
Tnx¨f¥ 

TfY¨mf¥ 
.x¦fwavf 

Ą uw Ćā 

ăĀÝwfwaf¥ fx¦fwavf ¯n¨m ¦xz¯ 
vf®fv l¥nd Yddfd ¨z HTH3 
bzw¢©¨Y¨nzx kz¥ nw¢¥z®fwfx¨ 
z®f¥ bzw¢vf° ¨f¥¥Ynx 

 
Operational Guidance 
 
NCEP North American Model Nest (NAM Nest) 
Mmf z¢f¥Y¨nzxYv ?!> ?f¦¨ n¦ Y ă uw xf¦¨ zk ¨mf ĀāÝuw ¢Y¥fx¨ ?!>Ë ¯mnbm bz®f¥¦ ¨mf *A?NL 
Yxd kfY¨©¥f¦ k©vv ©¦f zk ¨mf lvzaYv .x¦fwavf <YvwYx 3nv¨f¥ ã.x<3ä wfwaf¥¦ Y¦ ¢Y¥¨ zk n¨¦ dY¨Y 
Y¦¦nwnvY¨nzx ¦±¦¨fwÎ Mmf xf¦¨ n¦ Y®YnvYavf Y¨ ÿÿË ÿąË Āā Yxd Āć NM*Î 
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NCEP Short Range Ensemble Forecast System (SREF) 
Mmf LK.3 n¦ Y āąÝwfwaf¥Ë Āą uw fx¦fwavf bzx¦n¦¨nxl zk Yx f¤©Yv dn¦¨¥na©¨nzx zk TK3Ý!KTË Yxd 
?>>) wfwaf¥¦Î  
 
WPC PWPF Ensemble 
Mmf TH* HTH3 .x¦fwavf n¦ Y ĆÿÝwfwaf¥Ë āÿ uw fx¦fwavf ¨mY¨ n¦ lfxf¥Y¨fd nx¨f¥xYvv± a± TH* 
Yxd n¦ ©¦fd f°¨fx¦n®fv± nx ¨mf TH* Tnx¨f¥ TfY¨mf¥ ,f¦u kz¥fbY¦¨ ¢¥zbf¦¦Î  Mmf fx¦fwavf 
wfwaf¥¦mn¢ bzx¦n¦¨¦ zk Yvv āą LK.3 wfwaf¥¦Ë Āÿ ¥Yxdzwv± ¦fvfb¨fd 4.3L wfwaf¥¦Ë āĄ 
¥Yxdzwv± ¦fvfb¨fd .*>T3 .©¥z¢fYx fx¦fwavf ã.*.?Lä wfwaf¥¦Ë Yxd wfwaf¥¦ bzx¦n¦¨nxl ¨mf 
vY¨f¦¨ z¢f¥Y¨nzxYv TK3 !KTË TK3 ?>>)Ë ?!> ?f¦¨Ë 43LË 4.3L wfYxË *>*Ë .*>T3Ë Yxd 
.*>T3 wfYx ã.*.?Lä ¥©x¦Î  Mmf TH* āăÝmz©¥ df¨f¥wnxn¦¨nb ¦xz¯ z¥ k¥ff´nxl ¥Ynx 
Ybb©w©vY¨nzx kz¥fbY¦¨ n¦ Yv¦z Yx fx¦fwavf wfwaf¥ ¦f¥®nxl Y¦ ¨mf wzdf z¥ Ñwz¦¨ vnufv±Ò 
¦zv©¨nzxË ¯n¨m ¨mf k©vv fx¦fwavf ¢¥z®ndnxl ¨mf ®Y¥nYxbf zk ¨mf dn¦¨¥na©¨nzxÎ Lxz¯kYvv k¥zw ¨mf 
TH* HTH3 .x¦fwavf n¦ bYvb©vY¨fd ©¦nxl Y kn®f wfwaf¥ ¦xz¯Ý¨zÝvn¤©nd ¥Y¨nz ãL=Kä Y®f¥YlfÎ 
Mmf¦f wfwaf¥¦ nxbv©df Y wnb¥zÝ¢m±¦nb¦ wzdnknbY¨nzx zk ¨mf Kzfaaf¥ L=K ãKzfaaf¥ f¨ YvÎ āÿÿĆä 
Y¢¢vnfd ¨z ¨mf ?!>Ë Y wnb¥zÝ¢m±¦nb¦ wzdnknbY¨nzx zk ¨mf )Y°¨f¥ bvnwY¨zvzlnbYv L=K Y¢¢vnfd ¨z 
¨mf ?!>Ë ¨mf Kzfaaf¥ L=K  Y¢¢vnfd ¨z ¨mf 43LË Y kn°fd ĀĀÍĀ ¦xz¯Ý¨zÝvn¤©nd ¥Y¨nzË Yxd )Y°¨f¥ L=K 
bvnwY¨zvzl±Î  
 
GEFS 
Mmf 4vzaYv .x¦fwavf 3z¥fbY¦¨ L±¦¨fw ã4.3Lä n¦ Y ¯fY¨mf¥ kz¥fbY¦¨ wzdfv wYdf ©¢ zk āĀ 
fx¦fwavf wfwaf¥¦ ãnxbv©dnxl ¨mf 43LäÎ​ ​Mmf 4.3L Y¨¨fw¢¨¦ ¨z ¤©Yx¨nk± ¨mf Ywz©x¨ zk 
©xbf¥¨Ynx¨± nx Y kz¥fbY¦¨ a± lfxf¥Y¨nxl Yx fx¦fwavf zk w©v¨n¢vf kz¥fbY¦¨¦Ë fYbm wnx©¨fv± 
dnkkf¥fx¨Ë z¥ ¢f¥¨©¥afdË k¥zw ¨mf z¥nlnxYv za¦f¥®Y¨nzx¦Î Tn¨m lvzaYv bz®f¥YlfË 4.3L n¦ ¢¥zd©bfd 
kz©¥ ¨nwf¦ Y dY± ¯n¨m ¯fY¨mf¥ kz¥fbY¦¨¦ lznxl z©¨ ¨z Āą dY±¦Î Mmf 4.3L n¦ Y LfwnÝ=Yxl¥YxlnYx 
wzdfv ¯n¨m Y mz¥n´zx¨Yv ¥f¦zv©¨nzx zk ĄĄ uw k¥zw ÿÝĀąć kz¥fbY¦¨ mz©¥¦Î  4.3L mY¦ ąă m±a¥nd 
vf®fv¦ nx n¨¦ ®f¥¨nbYv ¥f¦zv©¨nzx ¨z wY¨bm ¨mf 4L6Ù.x<3 m±a¥nd YxYv±¦n¦ ¦±¦¨fwÎ 
 
Experimental Guidance 
 
NCAR Storm-Scale Ensemble 
Mmf ĀÿÝwfwaf¥Ë ¦nxlvfÝ¢m±¦nb¦ ?*!K ¦¨z¥wÝ¦bYvf fx¦fwavf lzf¦ z©¨ ăć mz©¥¦ ¯mnbm nxbv©df¦ Y 
ĀĄÝuw dY¨Y Y¦¦nwnvY¨nzx ¦±¦¨fw ©¦nxl Mnfd¨uf b©w©v©¦ ¢Y¥Ywf¨f¥n´Y¨nzxË Mmzw¢¦zx 
wnb¥z¢m±¦nb¦Ë Y >V; H)= ¦bmfwfË Yxd ?A!5 vYxdÝ¦©¥kYbf wzdfvÎ Mmf dY¨Y Y¦¦nwnvY¨nzx n¦ Y 
bzwanxY¨nzx zk TK3Ý!KT Yxd ¨mf ?*!K ,Y¨Y !¦¦nwnvY¨nzx Kf¦fY¥bm Mf¦¨afd ã,!KMä ¯n¨m 
bzx¨nx©z©¦v±Ýb±bvfd fx¦fwavf Ydt©¦¨wfx¨ <YvwYx knv¨f¥ ã.!<3äÎ  Mmf fx¦fwavf n¨¦fvk zkkf¥¦ Ă uw 
l¥nd ¦¢Ybnxl ¯n¨m nxn¨nYv bzxdn¨nzx¦ ¢¥z®ndfd a± dz¯x¦bYvfd wfwaf¥¦ zk ¨mf ÿÿX ¥©x zk ¨mf 
TK3Ù,!KM .!<3 YxYv±¦f¦ Yxd ¢f¥¨©¥afd vY¨f¥Yv az©xdY¥± bzxdn¨nzx¦ z¥nlnxY¨nxl k¥zw ¨mf 43L 
kz¥fbY¦¨¦Î 
 
EMC Parallel NAMv4  
HY¥Yvvfv ®f¥¦nzx zk ?!>®ă ?f¦¨ ©¦nxl ĂÝuw l¥nd ¦¢YbnxlÎ >Y°nw©w mz©¥v± ¦xz¯kYvv ¥Y¨f¦ Y¥f 
¢Y¥Ywf¨f¥n´fd nx ¨mf wzdfvÎ 5z©¥v± ¦xz¯kYvv Ybb©w©vY¨nzx¦ Y¥f df¥n®fd a± Y¢¢v±nxl Y ¥nwf 
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kYb¨z¥ wzdnknfd )Y°¨f¥ bvnwY¨zvzlnbYv L=K ¨z ¨mf ¦xz¯kYvv ¥Y¨fÎ Mmf ÿÿXË ÿąXË ĀāXË Yxd ĀćX b±bvf¦ 
¯nvv af Y®YnvYavf z©¨ ¨z ąÿ kz¥fbY¦¨ mz©¥¦Î 

 
EMC/ESRL ​HRRR-TLE (High-Resolution Rapid Refresh Time-Lagged Ensemble)​  
  Mmn¦ *A?NL ®f¥¦nzx zk ¨mf fx¦fwavf ¯nvv mY®f Y Ă uw ¥f¦zv©¨nzxË Yxd ©¦f ĂÝĄ ¨nwfÝvYllfd 
5KKK®Ă nxn¨nYvn´Y¨nzx¦ ¨z ¢¥fdnb¨ ¨mf ¢¥zaYanvn¨± zk f°bffdnxl ¦f®f¥Yv ¦xz¯kYvv Ybb©w©vY¨nzx¦ 
Yxd Ybb©w©vY¨fd ¢¥fbn¢n¨Y¨nzx ¨m¥f¦mzvd¦Î  Mmf 5KKK®Ă ©¦f¦ Mmzw¢¦zx ¢m±¦nb¦ Yxd Y ¦xz¯ 
Yvlz¥n¨mw ¯mnbm bYvb©vY¨f¦ Y ®Y¥nYavfÝdfx¦n¨± Ybb©w©vY¨nzx zk Yvv k¥z´fx ¢¥fbn¢n¨Y¨nzx ¨±¢f¦Ë 
nxbv©dnxl bzx¨¥na©¨nzx¦ k¥zw ¦xz¯Ë l¥Y©¢fv Yxd bvz©d nbfÎ  Mmf dfx¦n¨± zk fYbm m±d¥zwf¨f¥ bvY¦¦ 
n¦ bYvb©vY¨fd Y¦ Y k©xb¨nzx zk ¨fw¢f¥Y¨©¥f Y¨ ¨mf vz¯f¦¨ wzdfv vf®fvË ¯n¨m ¨mf knxYv dfx¦n¨± Y 
¯fnlm¨fd Y®f¥Ylf zk ¦xz¯Ë l¥Y©¢fv Yxd nbf dfx¦n¨nf¦ aY¦fd zx ¨mfn¥ ¥fvY¨n®f wn°nxl ¥Y¨nz¦Î  Mmn¦ 
¦bmfwf Yv¦z Yvvz¯¦ kz¥ wfv¨nxl zk xf¯ ¦xz¯ kYvvnxl zx Y ¯Y¥w l¥z©xd ¦©¥kYbfÎ  Mmf 
¦xz¯Ý¨zÝvn¤©nd ¥Y¨nz kz¥ xf¯ ¦xz¯Ë ¢¥nz¥ ¨z Yx± wfv¨nxlË bYx ¥Yxlf k¥zw ăÍĀ ¨z ĀĂÍĀÎ 
 

 
3nl©¥f ĂÎ  H¥z¢z¦fd wfwaf¥¦mn¢ bmY¥Yb¨f¥n¦¨nb¦ zk ¨mf 5KKKÝM=. kz¥ ©¦f nx ¨mf ¯nx¨f¥ ¯fY¨mf¥ 

f°¢f¥nwfx¨Î 
 
EMC/ESRL Experimental High-Resolution Rapid Refresh (HRRRv3) 
Mmf .°¢f¥nwfx¨Yv 5KKK ã5KKK®Ăä n¦ Y TK3Ý!KTÝaY¦fd Ă uw wzdfv nxn¨nYvn´fd ¯n¨m ¨mf vY¨f¦¨ 
ĂÝ, ¥YdY¥ ¥fkvfb¨n®n¨± ©¦nxl Y dnln¨Yv knv¨f¥ nxn¨nYvn´Y¨nzx ã¥YdY¥Ý,36ä ¨fbmxn¤©f ã®nY ¨mf ¢Y¥fx¨ ĀĂ 
uw K!Hä Yxd n¦ ©¢dY¨fd mz©¥v±Î  Mmf 5KKK®Ă ©¦f¦ l¥ndÝ¢znx¨ ¦¨Y¨n¦¨nbYv nx¨f¥¢zvY¨nzx ã4L6ä 
m±a¥nd 43L fx¦fwavfÝ®Y¥nY¨nzxYv dY¨Y Y¦¦nwnvY¨nzx zk bzx®fx¨nzxYv za¦f¥®Y¨nzx¦Î  )©nvdnxl ©¢zx 
¨mf Yd®Yxbfwfx¨¦ nx ¨mf z¢f¥Y¨nzxYv 5KKK®ā Y¨ ?*.HË 5KKK®Ă nxbv©df¦ Y¦¦nwnvY¨nzx zk 
M!>,!K Yn¥b¥Yk¨ za¦f¥®Y¨nzx¦Ë ¥fknxf¦ Y¦¦nwnvY¨nzx zk ¦©¥kYbf za¦f¥®Y¨nzx¦ kz¥ nw¢¥z®fd 
vz¯f¥Ý¨¥z¢z¦¢mf¥nb ¨fw¢f¥Y¨©¥fË df¯¢znx¨ ãm©wndn¨±ä ¯nxd¦ Yxd bvz©d aY¦f mfnlm¨¦ Yxd ¢vYbf¦ 
wz¥f ¯fnlm¨ zx ¨mf fx¦fwavf bzx¨¥na©¨nzx ¨z ¨mf dY¨Y Y¦¦nwnvY¨nzxÎ  5KKK®Ă Ydd¦ Y¦¦nwnvY¨nzx 
zk vnlm¨xnxl kvY¦m ¥Y¨f¦ Yxd ¦Y¨fvvn¨fÝdf¥n®fd bvz©dÝ¨z¢ bzzvnxl ¥Y¨f¦ Y¦ bzw¢vfwfx¨¦ ¨z ¥YdY¥ 
¥fkvfb¨n®n¨± za¦f¥®Y¨nzx¦ ¨m¥z©lm Y ¦nwnvY¥ bzx®f¥¦nzx ¨z ¦¢fbnknfd vY¨fx¨ mfY¨nxl ¥Y¨f¦ d©¥nxl Y 
zxfÝmz©¥ ¦¢nxÝ©¢ ¢f¥nzd nx ¨mf wzdfvÎ 
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5KKK®Ă Yv¦z bzx¨Ynx¦ x©wf¥z©¦ wzdfv bmYxlf¦ nxbv©dnxl Yx ©¢dY¨f ¨z TK3Ý!KT ®f¥¦nzx ĂÎćÎĀ 
nxbv©dnxl ¨mf Mmzw¢¦zx wnb¥z¢m±¦nb¦Ë ¨¥Yx¦n¨nzx ¨z Y m±a¥nd ¦nlwYÝ¢¥f¦¦©¥f ®f¥¨nbYv bzz¥dnxY¨f 
kz¥ nw¢¥z®fd ¨¥z¢z¦¢mf¥nb ¨fw¢f¥Y¨©¥fË df¯¢znx¨ Yxd ¯nxd kz¥fbY¦¨¦ Yvzxl ¯n¨m Y mnlmf¥ 
¥f¦zv©¨nzx ãĀĄ ¦fbzxdä vYxd ©¦f dY¨Y¦f¨Î  Hm±¦nb¦ fxmYxbfwfx¨¦ mY®f Yv¦z affx wYdf ¨z ¨mf 
>V?? ¢vYxf¨Y¥± az©xdY¥± vY±f¥ ãH)=ä ¦bmfwf Yxd KN* vYxd ¦©¥kYbf wzdfv Yvzxl ¯n¨m 
Yddn¨nzxYv ¥fknxfwfx¨¦ ¨z ¦mYvvz¯ b©w©v©¦Ù¦©aÝl¥ndÝ¦bYvf bvz©d ¢Y¥Ywf¨f¥n´Y¨nzx¦ nxbv©dnxl 
fxmYxbfd nx¨f¥Yb¨nzx¦ ¯n¨m ¨mf ¥YdnY¨nzx Yxd wnb¥z¢m±¦nb¦ ¦bmfwf¦Î 
 
WPC HRAM3 Dynamic Downscaling 
TH* mY¦ nw¢vfwfx¨fd ¦f®f¥Yv d±xYwnbYv dz¯x¦bYvnxl wf¨mzd¦Ë Yxd Y¢¢vnf¦ ¨mfw nx Y 
w©v¨nÝwzdfv fx¦fwavf Y¢¢¥zYbm ¨z ¨mf JH3 ¦zv©¨nzx¦ k¥zw ¨mf ?!> ?f¦¨Ë 56K.LT ?>>)Ë Yxd 
56K.LT !KTÎ  )z¨m ®f¥¦nzx¦ zk ¨mf TH* 5K!> afnxl f°Ywnxfd nx ¨mf TT. ã5K!>Ă. Yxd 
5K!>Ă4ä ©¦f Y bzx¦fx¦©¦ w©v¨n¢vnbY¨n®f dz¯x¦bYvnxl Y¢¢¥zYbmÎ Mmn¦ wf¨mzd bzw¢©¨f¦ ¨¯z 
dz¯x¦bYvnxl kYb¨z¥¦ Y¨ fYbm l¥nd ¢znx¨Î Mmf kn¥¦¨ dz¯x¦bYvnxl kYb¨z¥ n¦ Y ¥Y¨nz zk ¨mf 56K.L 
wfwaf¥ JH3 Yk¨f¥ ¥fwY¢¢nxl ¨z Y āÿÝuw bzY¥¦f ¥f¦zv©¨nzx ¨mfx nx¨f¥¢zvY¨nxl aYbu ¨z ¨mf 
mnlmf¥ ¥f¦zv©¨nzxÎ Mmf ¦fbzxd n¦ Y ¥Y¨nz zk ¨mf 56K.L JH3 ¨z āÿÝuw bzY¥¦f ¥f¦zv©¨nzxÎ  Mmf ¦n° 
dz¯x¦bYvnxl kYb¨z¥¦ Y¥f Y®f¥Ylfd ¨z Y¥¥n®f Y¨ Y bzx¦fx¦©¦ kz¥ fYbm l¥nd ¢znx¨Î ! ĄÿĘ ¯fnlm¨ kz¥ 
HK6L> n¦ Y¢¢vnfd ¨z 5K!>Ă.Ë Yxd Y ĄÿĘ ¯fnlm¨ ¯f¦¨ zk ĀÿĄ dfl¥ff¦ T kz¥ 5K!>Ă4Î 
 
Table 3.​  5nlmÝ¥f¦zv©¨nzx JH3 wzdfv b±bvf ¨nwf¦ ©¨nvn´fd kz¥ dz¯x¦bYvnxl kz¥fbY¦¨¦ ¢¥ztfb¨fd 
k¥zw ¨mf TH* nxn¨nYv b±bvf ¨nwf¦Î 
 

5nlmÝKf¦zv©¨nzx >zdfv >zdfv b±bvf ¨nwf kz¥ TH* 
ÿÿ NM* b±bvf 

>zdfv b±bvf ¨nwf kz¥ TH* Āā 
NM* b±bvf 

?!> xf¦¨ Āā ÿÿ 
56K.LT ?>>) Āā ÿÿ 
56K.LT !KT Āā ÿÿ 

 
5K!>Ă. Yxd 5K!>Ă4 Y¥f ¨mf ¥f¦©v¨ zk Y w©v¨n¢vnbY¨n®f dz¯x¦bYvnxl Ydt©¦¨wfx¨Î !vv zk ¨mf 
wf¨mzd¦ wYuf ©¦f zk Y ¢¥zaYanvn¨± df¨f¥wnxfd a± bzw¢©¨nxl ¨mf ¥fvY¨n®f k¥f¤©fxb± zk JH3 
f°bffdnxl Y TH*Ýb¥fY¨fd fx¦fwavf anY¦ bz¥¥fb¨fd JH3 ã.?LJH3)*ä nx Y w©v¨nÝwzdfv fx¦fwavf 
Yxd zxf wnx©¦ ¨mY¨ ¢¥zaYanvn¨±Î 
 
WPC Deterministic Implicit Blend 
! ¦©¢f¥ avfxd zk ¦n° wzdfv nw¢vnbn¨ ¦xz¯kYvv ¦zv©¨nzx¦ ¯Y¦ Y®YnvYavf nx ą Yxd āă mz©¥ kz¥fbY¦¨ 
¢f¥nzd¦ d©¥nxl ¨mf f°¢f¥nwfx¨Ë Yxd ¨mf āă mz©¥ ¦xz¯kYvv kz¥fbY¦¨ ¯Y¦ f®Yv©Y¨fd d©¥nxl ¨mf 
dYnv± ®f¥nknbY¨nzx ¦f¦¦nzxÎ >fwaf¥¦ zk ¨mf ¦©¢f¥ avfxd nxbv©df 43L ©¦nxl Kzfaaf¥ L=KË ?!>Āā 
¥nwf kYb¨z¥ wzdnknfd Kzfaaf¥ L=KË ?!>Āā ¥nwf kYb¨z¥ wzdnknfd )Y°¨f¥ bvnwY¨zvzlnbYv L=KË ¨mf 
bmYxlf nx ¦xz¯ df¢¨m k¥zw ¨mf 43LË bmYxlf nx ¦xz¯ df¢¨m k¥zw ¨mf ?!>Ë ¦xz¯kYvv k¥zw āĆuw 
.*>T3Ë Yxd .©¥z¢fYx *fx¨f¥ fx¦fwavf wfYx ¦xz¯kYvvÎ 
 
WPC PWPF Using Model Implicit Snowfall 
! wzdfv nw¢vnbn¨ ¦xz¯kYvv HTH3 n¦ bzw¢©¨fd ©¦nxl ¨mf ¦Ywf TH* ¦xz¯kYvv kz¥fbY¦¨ Yxd 
b©w©vY¨n®f anxz¥wYv dn¦¨¥na©¨nzx wf¨mzdzvzl± Y¦ ¨mf TH* HTH3Î Lf®fx¨± ¨¯z wfwaf¥ 
¦zv©¨nzx¦ zk wzdfv nw¢vnbn¨ ¦xz¯kYvv Y¥f ©¦fd Y¦ ®Y¥nYxbf ¨z f°¨¥Yb¨ ¨mf ¢¥zaYanvn¨nf¦Î   Mmf 
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wzdfv nw¢vnbn¨ HTH3 ¯Y¦ Y®YnvYavf d©¥nxl kz¥fbY¦¨ f°¢f¥nwfx¨ kz¥fbY¦¨ f°f¥bn¦f¦ Yxd f®Yv©Y¨fd 
nx bzxbf¥¨ ¯n¨m ¨mf z¢f¥Y¨nzxYv TH* HTH3 d©¥nxl ®f¥nknbY¨nzx ¦f¦¦nzx¦Î  Mmf a¥fYudz¯x zk 
wfwaf¥¦Í 
 
Ăÿ wfwaf¥¦ k¥zw .*.?L 
Ą LK.3 !KT wfwaf¥¦ Ý bmYxlf nx ¦xz¯ df¢¨m 
Ą LK.3 !KT wfwaf¥¦ Ý ¦xz¯ ¯Y¨f¥ f¤©n®Yvfx¨ df¥n®fd ¦xz¯kYvv 
Ą LK.3 ?>>) wfwaf¥¦ Ý bmYxlf nx ¦xz¯ df¢¨m 
Ą LK.3 ?>>) wfwaf¥¦ Ý ¦xz¯ ¯Y¨f¥ f¤©n®Yvfx¨ df¥n®fd ¦xz¯kYvv 
Āÿ 4.3L wfwaf¥¦ Ý bmYxlf nx ¦xz¯ df¢¨m 
Āÿ 4.3L wfwaf¥¦ Ý ¦xz¯ ¯Y¨f¥ f¤©n®Yvfx¨ df¥n®fd ¦xz¯kYvv ,f¨f¥wnxn¦¨nb L©¢f¥ )vfxd TH* 
¦xz¯kYvv kz¥fbY¦¨ 
Ā TH* ¦xz¯kYvv kz¥fbY¦¨ 
Ā ,f¨f¥wnxn¦¨nb L©¢f¥ )vfxd 
ÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝÝ 
Mz¨Yv Ćā wfwaf¥¦ 
 
WPC Experimental Winter Weather Ensemble 
Mz Ydd¥f¦¦  bzxbf¥x¦ ¥flY¥dnxl ¨mf ¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mw nx ¨mf z¢f¥Y¨nzxYv HTH3Ë Yx 
f°¢f¥nwfx¨Yv ®f¥¦nzx zk ¨mf ¯nx¨f¥ ¯fY¨mf¥ fx¦fwavf mY¦ affx bzx¦¨¥©b¨fdÎ  Mmn¦ f°¢f¥nwfx¨Yv 
®f¥¦nzx ¢f¥kz¥w¦ wz¦¨ ¢¥zbf¦¦nxl zx ¨mf Ą uw ?Y¨nzxYv ,nln¨Yv 3z¥fbY¦¨ ,Y¨YaY¦f ã?,3,ä l¥nd 
Yxd nx¨¥zd©bf¦ Y ¦xz¯ vf®fv bzw¢©¨Y¨nzx ¨z mfv¢ df¨f¥wnxf ¢¥fbn¢n¨Y¨nzx ¨±¢fÎ  
 
Mmf ¦xz¯ vf®fv n¦ dfknxfd Y¦ ¨mf vY±f¥ zk ¨mf Y¨wz¦¢mf¥f Y¨ ¯mnbm ¨mf ¯f¨ a©va ¨fw¢f¥Y¨©¥f n¦ 
f¤©Yv ¨z ÿÎĄ *Î  Mmn¦ dfknxn¨nzx n¦ aY¦fd zx ¨mf wf¨mzdzvzl± ©¦fd a± Tf¦¨f¥x KflnzxÐ¦ ¦xz¯ 
vf®fv avfxdf¥ l¥Y¢mnbYv kz¥fbY¦¨ fdn¨z¥ ã43.ä ¨zzvÎ  Mz knxd ¨mf ¦xz¯ vf®fvË ¨mf Yvlz¥n¨mw ¦¨Y¥¨¦ Y¨ 
Ąÿÿ mHY Yxd ¦fY¥bmf¦ dz¯x¯Y¥d ©x¨nv b¥z¦¦nxl ¨mf ÿÎĄ * ¯f¨ a©va n¦z¦©¥kYbfÎ  Mmf ¦fY¥bm n¦ 
bzxd©b¨fd af¨¯ffx ¨mf Ąÿÿ Yxd Āÿÿÿ mHY lfz¢z¨fx¨nYv mfnlm¨ ¦©¥kYbf¦Ë ¯n¨m nx¨f¥¢zvY¨nzx 
af¨¯ffx Y®YnvYavf wzdfv vY±f¥¦Î  N¦nxl ¨mf Ą uw KM>! ¨f¥¥YnxË Y ¦xz¯ wY¦u n¦ bzx¦¨¥©b¨fd 
¯mnbm ndfx¨nknf¦ l¥nd ¢znx¨¦ Yaz®f ¨mf ¦xz¯ vf®fv AK ¯mz¦f ¢¥fbn¢n¨Y¨nzx ¨±¢f n¦ ¦xz¯ aY¦fd zx 
¨mf ¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mwÎ 
 

! avfxdfd ¦xz¯Ý¨zÝvn¤©nd ãL=Kä ¥Y¨nz n¦ ©¦fd ¨z bzw¢©¨f ¨mf L=K kz¥ fYbm fx¦fwavf wfwaf¥Î 

Mmf avfxdfd L=K n¦ ¨mf Y¥n¨mwf¨nb wfYx zk ¨mf kzvvz¯nxlÍ 

 

Kzfaaf¥ !¥¨nknbnYv ?f©¥Yv ?f¨¯z¥u ã!??Ì Kzfaaf¥ f¨ YvÎ āÿÿĆä Y¢¢vnfd ¨z ¨mf 43L 

?!> KnwfÝkYb¨z¥Ýwzdnknfd Kzfaaf¥ !?? 

?!> KnwfÝkYb¨z¥Ýwzdnknfd )Y°¨f¥ bvnwY¨zvzlnbYv L=K  

)Y°¨f¥ f¨ YvÎ ãāÿÿĄä bvnwY¨zvzl± 

L¨¥Ynlm¨ ©¢  ĀĀÙĀ ¥Y¨nz 

 

3z¥ fYbm wfwaf¥Ë Y¨ fYbm l¥nd ¢znx¨ ¨mY¨ n¦ df¨f¥wnxfd ¨z af ¦xz¯Ë ¨mf ¨z¨Yv ¦xz¯kYvv n¦ f¤©Yv 

¨z ¨mf k¥Yb¨nzx zk JH3 df¨f¥wnxfd ¨z af ¦xz¯ w©v¨n¢vnfd a± ¨mf L=KÎ 
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Mmf b©¥¥fx¨ f°¢f¥nwfx¨Yv fx¦fwavf wfwaf¥¦mn¢ n¦ Y¦ ¦mz¯xÍ 
 
Ą LK.3 !KT ãÿĈ´Ì *zx¨¥zvË 3n¥¦¨ ð Lfbzxd Ú xflY¨n®f ð ¢z¦n¨n®f ¢f¥¨©¥aY¨nzx¦ä 
Ą LK.3 ?>>) ãÿĈ´Ì *zx¨¥zvË 3n¥¦¨ ð Lfbzxd Ú xflY¨n®f ð ¢z¦n¨n®f ¢f¥¨©¥aY¨nzx¦ä 
ĀĂ 4.3L >fwaf¥¦ ãÿą´ä 
ĀĂ .*>T3 .x¦fwavf >fwaf¥¦ ãÿÿ´ä 
Ā 43L ,f¨f¥wnxn¦¨nb ãĀā´ä 
Ā 4.3L .x¦fwavf >fYx ãÿą´ä 
Ā ?!> ?f¦¨ ãĀā´ ,Y±¦ ĀÝāÌ HY¥fx¨ ?!> ,Y± Ăä 
Ā !KT 5nlmÝKf¦ K©x ãÿÿ´Ì ÿą´ 43L ,Y±¦ āÝĂä 
Ā ?>>) 5nlmÝKf¦ K©x ãÿÿ´Ì ÿÿ´ 43L ,Y±¦ āÝĂä 
ààà 
ăĀ >fwaf¥¦ Mz¨Yv 
 
Winter Storm Severity Index (WSSI) 
Mmf TLL6 n¦ wYdf ©¢ zk Y ¦f¥nf¦ zk ¦©aÝbzw¢zxfx¨ Yvlz¥n¨mw¦ ¯mnbm ©¦f wf¨fz¥zvzlnbYv Yxd 
xzxÝwf¨fz¥zvzlnbYv dY¨Y ¨z df¨f¥wnxf Y vf®fv zk ¢z¨fx¨nYv ¦zbnf¨Yv nw¢Yb¨ aY¦fd ©¢zx ¦¢fbnknb 
bmY¥Yb¨f¥n¦¨nb¦ zk ¯nx¨f¥ ¦¨z¥w¦Î .Ybm zk ¨mf bzw¢zxfx¨¦ ¢¥zd©bf Y Ā ¨z Ą z©¨¢©¨ ¦bYvf ®Yv©f 
¨mY¨ f¤©Y¨f¦ ¨z ¨mf ¢z¨fx¨nYv nw¢Yb¨Î Mmf knxYv TLL6 ®Yv©f n¦ ¨mf wY°nw©w ®Yv©f k¥zw Yvv ¨mf 
¦©aÝbzw¢zxfx¨¦Î Mmf Ą vf®fv¦ Y¥f ln®fx ¨mf kzvvz¯nxl df¦b¥n¢¨z¥¦Í =nwn¨fdË >nxz¥Ë >zdf¥Y¨fË 
>Ytz¥ Yxd .°¨¥fwfÎ Mmf ¦¢fbnknb ¦©aÝbzw¢zxfx¨¦ Y¥fÍ 

ǒ Lxz¯ =zYd 6xdf°  

ƺ 6xdnbY¨f¦ Y ¢z¨fx¨nYv zk dz¯xfd ¨¥ff¦Ù¢z¯f¥ vnxf¦ d©f ¨z ¨mf ¯fnlm¨ zk ¨mf ¦xz¯ 

ǒ Lxz¯ !wz©x¨ 6xdf° 

ƺ 6xdnbY¨f¦ Y ¢z¨fx¨nYv zk nw¢Yb¨¦ d©f ¨z ¨mf ¨z¨Yv Ywz©x¨ zk ¦xz¯ z¥ 

Ybb©w©vY¨nzx ¥Y¨f 

ǒ 6bf !bb©w©vY¨nzx 

ƺ 6xdnbY¨f¦ ¨mf ¢z¨fx¨nYv zk ¨¥ff Yxd ©¨nvn¨± dYwYlf Y¦ ¯fvv Y¦ ¨¥Yx¦¢z¥¨Y¨nzx 

dnkknb©v¨nf¦ d©f ¨z bzwanxfd fkkfb¨¦ zk nbf Yxd ¯nxdÎ 

ǒ )vz¯nxl Lxz¯ 6xdf° 

ƺ 6xdnbY¨f¦ ¨mf ¢z¨fx¨nYv dn¦¥©¢¨nzx d©f ¨z avz¯nxl ¦xz¯ 

ǒ 3vY¦m 3¥ff´f 6xdf°  

ƺ 6xdnbY¨f¦ ¨mf ¢z¨fx¨nYv nw¢Yb¨¦ zk kvY¦m k¥ff´nxl d©¥nxl ¢¥fbn¢n¨Y¨nzx f®fx¨¦ 

 
Mmf TLL6 a©nvd¦ ©¢zx ¢¥f®nz©¦ ¯z¥u nx ¨¥±nxl ¨z ÑbY¨flz¥n´fÒ ¨mf ¦f®f¥n¨± zk ¯nx¨f¥ ¦¨z¥w¦Î 
?A!!Ù?.*6 mY¦ b¥fY¨fd ¨mf ​KflnzxYv Lxz¯kYvv 6xdf° ãKL6ä​Ë ¨mz©lm ¨mn¦ n¦ zxv± bYvb©vY¨fd Yk¨f¥ 
¨mf kYb¨ aY¦fd ©¢zx wfY¦©¥fd ¦xz¯kYvvËYxd ¨mf Ywz©x¨ zk Y¥fY bz®f¥fd ¯fnlm¨fd a± 
¢z¢©vY¨nzxÎ  6¨ dzf¦ xz¨ ¨Yuf nx¨z Ybbz©x¨ z¨mf¥ nw¢Yb¨¦ k¥zw ¯nx¨f¥ ¦¨z¥w¦ ¦©bm Y¦ nbfË ¯nxd 
Yxd avz¯nxl ¦xz¯Î  !¦ ¦©bmË n¨ n¦ zk vnwn¨fd z¢f¥Y¨nzxYv ©¦f ¨z ?TL kz¥fbY¦¨f¥¦ ¯mz wY± af 
¨¥±nxl ¨z bvfY¥v± bzww©xnbY¨f ¨mf bzwanxfd nw¢Yb¨ zk Yx ©¢bzwnxl ¯nx¨f¥ ¦¨z¥wÎ  
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Experimental Tools 
 
Joint Probability Fields 
 
6x Yx Y¨¨fw¢¨ ¨z ndfx¨nk± w©v¨n¢vf nw¢Yb¨¦ ¢¥zaYanvn¦¨nbYvv±Ë tznx¨ ¢¥zaYanvn¨nf¦ ¯f¥f bzw¢©¨fd 
©¦nxl  ®Y¥nz©¦ ¯nx¨f¥ mY´Y¥d¦ kz¥ ¦n° mz©¥ nx¨f¥®Yv¦Î  Ln°Ýmz©¥ ¦xz¯ Yxd nbf ¢¥zaYanvn¨nf¦ ¯f¥f 
df¥n®fd k¥zw ¨mf zkknbnYv TH* HTH3Î  Mz df¥n®f ¯nxd Yxd ¨fw¢f¥Y¨©¥f ¢¥zaYanvn¨nf¦Ë ¨mf zkknbnYv 
¯nxd Yxd ¨fw¢f¥Y¨©¥f kz¥fbY¦¨¦ k¥zw ¨mf ?,3, ¯f¥f ©¦fd Y¦ Y wfYx Yxd ​¨mfx anY¦ bz¥¥fb¨fd 
4.3L Āÿ wÝ¯nxd¦Ùā wÝ¨fw¢f¥Y¨©¥f¦ Yxd LK.3 Āÿ wÝ¯nxd¦Ùā wÝ¨fw¢f¥Y¨©¥f¦ ¯f¥f ©¦fd Y¦ Y 
®Y¥nYxbf ¨z b¥fY¨f Y *,3 ¯mnvf ©¦nxl ¨mf ¦¢fbnknfd ¨m¥f¦mzvd Y¦ ¨mf nx¨fl¥Y¨nzx vnwn¨Î 3nxYvv±Ë ¨mf 
®Y¥nz©¦ nxdn®nd©Yv ¢¥zaYanvn¨nf¦ ¯f¥f ¨mfx w©v¨n¢vnfd ¨zlf¨mf¥ ¨z b¥fY¨f Y ®Y¥nf¨± zk tznx¨ 
¢¥zaYanvn¨nf¦Î  M¯z f°Yw¢vf¦ nxbv©dfÍ ¨mf ¢¥zaYanvn¨± zk ¦xz¯ Ybb©w©vY¨nzx l¥fY¨f¥ ¨mYx ā 
nxbmf¦ Yxd Y®f¥Ylf ¯nxd ¦¢ffd l¥fY¨f¥ ¨mYx ĀĄ w¢m nx ¦n° mz©¥¦Ë Yxd ¨mf ¢¥zaYanvn¨± zk nbf 
Ybb©w©vY¨nzx zk ÿÎĀÿ nxbm Yxd Y®f¥Ylf ¯nxd ¦¢ffd l¥fY¨f¥ ¨mYx ĀĄ w¢m nx ¦n° mz©¥¦Î  !x 
f°Yw¢vf zk Y tznx¨ ¢¥zaYanvn¨± knfvd Yxd n¨¦ bzw¢zxfx¨ ¢Y¥¨¦ Y¥f ¦mz¯x nx 3nl©¥f ąÎ 
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Figure 6​Î  ã!ä H¥zaYanvn¨± zk l¥fY¨f¥ ¨mYx ÿ nxbmf¦ zk ¦xz¯ nx ¦n° mz©¥¦Ì ã)ä H¥zaYanvn¨± zk l¥fY¨f¥ 
¨mYx þĂ w¢m Y®f¥Ylf ¯nxd ¦¢ffd z®f¥ ¦n° mz©¥¦Ì ã*ä ;znx¨ ¢¥zaYanvn¨± zk az¨m l¥fY¨f¥ ¨mYx ÿ 
nxbmf¦ zk ¦xz¯ Yxd l¥fY¨f¥ ¨mYx þĂ w¢m Y®f¥Ylf ¯nxd ¦¢ffd z®f¥ ¦n° mz©¥¦Î 
 
Watch Collaborator Trend Tools 
 
Mmf TH* TY¨bm *zvvYaz¥Y¨z¥ ãT*ä ¢¥fdnb¨¦ ¨mf ¢¥zaYanvn¨± zk Y vzbY¨nzx f°bffdnxl ĀāÝ z¥ 

āăÝmz©¥ ¯nx¨f¥ ¦¨z¥w ¯Y¥xnxl b¥n¨f¥nY aY¦fd zx ¨mf TH* HTH3 kz¥fbY¦¨ Yxd ¨mf nxdn®nd©Yv 

¯fY¨mf¥ kz¥fbY¦¨ zkknbf ãT3Aä ¯nx¨f¥ ¦¨z¥w ¯Y¥xnxl b¥n¨f¥nYÎ  Mmf T* n¦ Y®YnvYavf ¨z Yvv T3A¦ 

®nY Yx nx¨f¥xYvv± mz¦¨fd TH* ¯fa¢YlfÎ  3z¥ ¨mn¦ ±fY¥Ð¦ f°¢f¥nwfx¨Ë ¨m¥ff dnkkf¥fx¨ ¨zzv¦ ¯f¥f 

df®fvz¢fd ¨z ndfx¨nk± T* ¨¥fxd¦ k¥zw b±bvf ¨z b±bvfÍ  ! bz©x¨ ¨zzv ¯mnbm dn¦¢vY±¦ mz¯ wYx± 

¨nwf¦ ¨mf Ăÿ Yxd ĄÿĘ ¢¥zaYanvn¨nf¦ ¯f¥f kz¥fbY¦¨ k¥zw ¨mf T* z®f¥ ¨m¥ff bzx¦fb©¨n®f b±bvf¦Ë Y 

Ñkvn¢Ýkvz¢Ò ¨zzv ¯mnbm ¨Yuf¦ ¨mf ¨m¥ff wz¦¨ ¥fbfx¨ T* b±bvf¦ Yxd dn¦¢vY±¦ Y¥fY¦ ¯mf¥f ¨mf 

¢¥zaYanvn¨nf¦ bmYxlfd fn¨mf¥ mnlmf¥ z¥ vz¯f¥ af¨¯ffx ¨mf b±bvf¦Ë Yxd Y dnkkf¥fxbf ¨zzv ¯mnbm 

¦nw¢v± ¦©a¨¥Yb¨¦ ¨mf b©¥¥fx¨ T* ¢¥zaYanvn¨nf¦ k¥zw ¨mf ¢¥f®nz©¦ b±bvfÐ¦ ¢¥zaYanvn¨nf¦ Yxd 
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df¨f¥wnxf¦ ¨mf bmYxlf¦ k¥zw zxf b±bvf ¨z ¨mf xf°¨Î  !x f°Yw¢vf zk Yvv ¨m¥ff n¦ ¦mz¯x nx 3nl©¥f 

ĆÎ 

 

 

Figure 7.  ​.°Yw¢vf¦ zk ¨mf ã!ä ¯Y¨bm bzvvYaz¥Y¨z¥ bz©x¨ ¨zzvË ã)ä ¯Y¨bm bzvvYaz¥Y¨z¥ dnkkf¥fxbf 

¨zzvË Yxd ã*ä ¨mf ¯Y¨bm bzvvYaz¥Y¨z¥ kvn¢Ýkvz¢ ¨zzv ®Yvnd Y¨ þąX zx ?z®fwaf¥ þąË ÿýþăÎ 
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4.  Cases 
 
Mmf kn¥¦¨ ¯ffu zk ¨mf āÿĀĆ Tnx¨f¥ TfY¨mf¥ .°¢f¥nwfx¨ ã;Yx©Y¥± ĀĈÝāĀÌ ¯mfx kz¥fbY¦¨¦ ¯f¥f 
®Yvndä ¯Y¦ dzwnxY¨fd a± Y ¦mY¥¢ Ąÿÿ mHY ¨¥z©lm zx ¨mf ¯f¦¨ bzY¦¨ ¯n¨m Y bz¥¥f¦¢zxdnxl Ąÿÿ 
mHY ¥ndlf z®f¥ ¨mf fY¦¨f¥x ¨mn¥d zk ¨mf bz©x¨¥± Y¦ ¦ffx nx 3nl©¥f ć!Î  Mmn¦ ¨¥Yx¦vY¨fd ¨z ¦©¥kYbf 
¨fw¢f¥Y¨©¥f YxzwYvnf¦ afnxl ąÝĀÿ dfl¥ff¦ Yaz®f xz¥wYv kz¥ Y vY¥lf ¢z¥¨nzx zk ¨mf Nxn¨fd 
L¨Y¨f¦ ¯n¨m zxv± ¦zwf ¯f¦¨f¥x Yxd ¦z©¨m¯f¦¨f¥x Y¥fY¦ ¥fbz¥dnxl xfY¥ xz¥wYv ¦©¥kYbf 
¨fw¢f¥Y¨©¥f YxzwYvnf¦Î  Mmf ¨fw¢f¥Y¨©¥f YxzwYvnf¦ bYx af ¦ffx nx 3nl©¥f Ĉ!Î  M¯z ¯ffu¦ 
vY¨f¥ kz¥ ¨mf ¦fbzxd ¯ffu zk ¨mf f°¢f¥nwfx¨Ë ¨mf Ąÿÿ mHY mfnlm¨ ¢Y¨¨f¥x nx 3nl©¥f ć)Ë mYd 
¦mnk¨fdÎ  ! a¥zYd ¨¥z©lm ¯Y¦ vzbY¨fd nx ¨mf fY¦¨ ¯n¨m vz¯ mfnlm¨¦ f¦¢fbnYvv± nx ?f¯ .xlvYxd Yxd 
¦zwf ¦vnlm¨ ¥ndlnxl nx ¨mf ¯f¦¨f¥x ¦¨Y¨f¦Î  ,f¦¢n¨f ¨mf ¢¥fdzwnxYx¨ ¨¥z©lm nx ¨mf fY¦¨Ë ¨mf 
¦©¥kYbf ¨fw¢f¥Y¨©¥f YxzwYvnf¦ nx 3nl©¥f Ĉ) ¦mz¯ ¨mY¨ ¨fw¢f¥Y¨©¥f¦ ¯f¥f xfY¥ xz¥wYv kz¥ 
w©bm zk ¨mf ?z¥¨mfY¦¨ Yxd 4¥fY¨ =Yuf¦ ¥flnzx ¯n¨m ¨mf ¥f¦¨ zk ¨mf bz©x¨¥± Y¥z©xd āÝą dfl¥ff¦ 
Yaz®f xz¥wYvË f°bf¢¨ kz¥ ¨mf kY¥ ?z¥¨mf¥x HvYnx¦Î  Tffu ¨m¥ff wfYx Ąÿÿ mHY mfnlm¨¦ nx 3nl©¥f 
ć* ¯f¥f ®f¥± ¦nwnvY¥ ¨z ¯ffu āÎ  ! ¦©a¨vf ¥ndlf ¯Y¦ vzbY¨fd nx ¨mf ¯f¦¨Ë ¯n¨m Y  ¨¥z©lm nx ¨mf 
fY¦¨Î  L©¥kYbf ¨fw¢f¥Y¨©¥f YxzwYvnf¦ nx 3nl©¥f Ĉ* ¦mz¯ w©bm zk ¨mf bz©x¨¥± ¯Y¦ af¨¯ffx āÝĀÿ 
dfl¥ff¦ Yaz®f xz¥wYvË ¯n¨m ¨mf f°bf¢¨nzx afnxl ¨mf ¦¨Y¨f zk >Ynxf ¯mnbm mYd xflY¨n®f 
¨fw¢f¥Y¨©¥f YxzwYvnf¦Î  Mmf Ąÿÿ mHY wfYx mfnlm¨ knfvd n¦ dn¦¢vY±fd nx 3nl©¥f ć, kz¥ ¯ffu ă zk 
¨mf f°¢f¥nwfx¨ Yxd ¦mz¯¦ Y dn®f¥lfx¨ ¢Y¨¨f¥x zx ¨mf Tf¦¨ *zY¦¨Î  Mmf kvz¯ ¦¢vn¨¦ zkk ¨mf bzY¦¨ 
zk *Yvnkz¥xnY b¥fY¨nxl Y ¨¥z©lm ¦z©¨m zk )YtYË >f°nbz Yxd Y ¥ndlf ¨mY¨ dzwnxY¨f¦ z®f¥ w©bm zk 
¨mf NÎLÎ f°bf¢¨ kz¥ 4¥fY¨ =Yuf¦ Yxd ?z¥¨mfY¦¨ ¥flnzx¦Î  L©¥kYbf ¨fw¢f¥Y¨©¥f YxzwYvnf¦ nx 
3nl©¥f Ĉ, kz¥ ¯ffu ă YlYnx ¦mz¯ ¨mf wYtz¥n¨± zk ¨mf bz©x¨¥± ¯n¨m ¢z¦n¨n®f YxzwYvnf¦ f°bf¢¨ kz¥ 
¨mf ¦z©¨mf¥x ¢f¥n¢mf¥± zk ¨mf NÎLÎ ¯mf¥f YxzwYvnf¦ ¯f¥f xfY¥ xz¥wYvÎ 
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Figure 8.​ ​*zw¢z¦n¨f wfYx Ăýý mHY kz¥ ¨mf kz¥fbY¦¨ ®Yvnd dY¨f¦ d©¥nxl ¨mf kz©¥ ¯ffu f°¢f¥nwfx¨ ¢f¥nzdÍ 
!ä ;Yx©Y¥± þĆÝÿþË )ä 3fa¥©Y¥± þÝĂË *ä 3fa¥©Y¥± ąÝþÿË Yxd ,ä 3fa¥©Y¥± þĂÝþĆË ÿýþĄÎ  6wYlf¦ lfxf¥Y¨fd 
k¥zw ¨mf ?*.HÙ?*!K KfYxYv±¦n¦ ¢¥z®ndfd a± ?A!!Ù.LK=ÙHL, 
ã​m¨¨¢ÍÙÙ¯¯¯Îf¦¥vÎxzYYÎlz®Ù¢¦dÙdY¨YÙbzw¢z¦n¨f¦ÙdY±Ù​äÎ 
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Figure 9.​ ​*zw¢z¦n¨f wfYx ¦©¥kYbf ¨fw¢f¥Y¨©¥f ã<ä YxzwYvnf¦ kz¥ ¨mf kz¥fbY¦¨ ®Yvnd dY¨f¦ d©¥nxl ¨mf 
kz©¥ ¯ffu f°¢f¥nwfx¨ ¢f¥nzdÍ !ä ;Yx©Y¥± þĆÝÿþË )ä 3fa¥©Y¥± þÝĂË *ä 3fa¥©Y¥± ąÝþÿË Yxd ,ä 3fa¥©Y¥± 
þĂÝþĆË ÿýþĄÎ  6wYlf¦ lfxf¥Y¨fd k¥zw ¨mf ?*.HÙ?*!K KfYxYv±¦n¦ ¢¥z®ndfd a± ?A!!Ù.LK=ÙHL, 
ã​m¨¨¢ÍÙÙ¯¯¯Îf¦¥vÎxzYYÎlz®Ù¢¦dÙdY¨YÙbzw¢z¦n¨f¦ÙdY±Ù​äÎ 
 
Mm¥z©lmz©¨ ¨mf kz©¥ ¯ffu f°¢f¥nwfx¨Ë ¨mf wYtz¥n¨± zk ¨mf f®fx¨¦ ¯f¥f nx ¨mf Tf¦¨f¥x Nxn¨fd 
L¨Y¨f¦Î  MYavf ă vn¦¨¦ fYbm zk ¨mf dY±¦ Yxd Y¥fY¦ zk kzb©¦Î  3z¥ ¨mf kn¥¦¨ ¨nwf nx ¨mf Tnx¨f¥ 
TfY¨mf¥ .°¢f¥nwfx¨Ë ¨mf df¨f¥wnxn¦¨nb ¦xz¯kYvv kz¥fbY¦¨ ¯Y¦ n¦¦©fd kz¥ ¨mf fx¨n¥f *A?NL 
¥Y¨mf¥ ¨mYx ¢nbunxl Y vnwn¨fd Y¥fY zk kzb©¦Î  Ak¨fx ¨mf¥f ¯f¥f w©v¨n¢vf ¢Y¥¨¦ zk ¨mf bz©x¨¥± ¯n¨m 
¦xz¯ nx ¨mf kz¥fbY¦¨Î  ?nxf z©¨ zk fnlm¨ffx ¢z¦¦navf kz¥fbY¦¨¦ ¯f¥f kz¥ ¦xz¯kYvv ¨mY¨ kfvv 
f°bv©¦n®fv± nx ¨mf Tf¦¨f¥x Nxn¨fd L¨Y¨f¦ ãKzbu± >z©x¨Ynx¦ Yxd ¯f¦¨äÎ  Mmf¥f ¯f¥f xz wYtz¥ 
¦¨z¥w¦ nx ¨mf bfx¨¥Yv Nxn¨fd L¨Y¨f¦ d©¥nxl ¨mf kz©¥ ¯ffu¦ zk ¨mf f°¢f¥nwfx¨Î  ,©¥nxl ¨mf kn¥¦¨ 
¯ffu ãkz¥fbY¦¨¦ ®Yvnd ;Yx©Y¥± ĀĈÝāĀË āÿĀĆäË ¨mf¥f ¯f¥f wYtz¥ ¦xz¯ f®fx¨¦ nx ¨mf Lnf¥¥Y ?f®YdY¦ 
nx *Yvnkz¥xnY Y¦ ¯fvv Y¦ nx ¨mf Lz©¨m¯f¦¨ Nxn¨fd L¨Y¨f¦ zx ;Yx©Y¥± āĀÎ  =Yuf fkkfb¨ ¦xz¯ ¯Y¦ Y 
kz¥fbY¦¨nxl bmYvvfxlf zx ¦f®fx zk ¨mf fnlm¨ffx ¢z¦¦navf kz¥fbY¦¨ dY±¦Î  ! wYtz¥ ¦¨z¥w Ykkfb¨fd 
¨mf >ndÝ!¨vYx¨nb Yxd ?f¯ .xlvYxd d©¥nxl ¨mf ¨mn¥d ¯ffu zk ¨mf f°¢f¥nwfx¨ zx 3fa¥©Y¥± ĈÝĀÿË 
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āÿĀĆ bY©¦nxl avn´´Y¥d bzxdn¨nzx¦ kz¥ bzY¦¨Yv ?f¯ .xlvYxd Yxd =zxl 6¦vYxdË ?f¯ Vz¥uÎ  3nxYvv±Ë Y 
¦¨¥zxl ¦¨z¥w d¥z¢¢fd z®f¥ Y kzz¨ zk ¦xz¯ nx ¦z©¨mf¥x >Ynxf Yxd xz¥¨mf¥x ?f¯ 5Yw¢¦mn¥f zx 
3fa¥©Y¥± ĀąË āÿĀĆ d©¥nxl ¨mf knxYv ¯ffu zk ¨mf f°¢f¥nwfx¨Î 
 
Table 4.​  ​3z¥fbY¦¨ ®Yvnd dY¨f¦ Yxd bz¥¥f¦¢zxdnxl kz¥fbY¦¨ Y¥fY z®f¥ ¨mf fnlm¨ffx dY±¦ kz¥fbY¦¨¦ ¯f¥f 
n¦¦©fd d©¥nxl ¨mf bz©¥¦f zk ¨mf f°¢f¥nwfx¨Î 

�)�R�U�H�F�D�V�W���9�D�O�L�G���' �D�W�H���������=���� �)�R�U�H�F�D�V�W���$�U�H�D��

1/19/2017 West (Sierras); Pacific Northwest 

1/20/2017 West (Sierras/AZ/UT/ID) 

1/21/2017 West/Southwest (Sierras/NV/UT/AZ/OR) 

2/1/2017 West (ID/MT/WY); Great Lakes 

2/2/2017 West (WY); Great Lakes; Maine; West Virginia 

2/3/2017 West (Sierras, WY); Great Lakes 

2/4/2017 West (Sierras, ID, OR, WA); Great Lakes 

2/5/2017 West/Pacific Northwest (OR, WA, ID, MT, WY); Michigan 

2/8/2017 West (Sierras, UT, CO, WY); Upper Great Lakes; New England 

2/9/2017 West/Pacific Northwest (WA, ID, WY, CO); Mid-Atlantic (PA, OH, WV, MD) 

2/10/2017 West (Sierras, ID, WA, WY); Mid-Atlantic; New England; West Virginia 

2/11/2017 West (Sierras, OR, WA, WY, UT, ID); New England (NY, MA, VT) 

2/12/2017 West (CO); New England (ME) 

2/15/2017 Great Lakes (MI, NY) 

2/16/2017 West (WA); New England (NY, VT, NH, ME) 

2/17/2017 West (Sierras, WA, ID); New England (NY, VT, NH, ME) 

2/18/2017 West (Sierras, NV, ID) 

2/19/2017 West/Southwest (Sierras, AZ, UT, CO, ID, NV) 
 

 
5.  Hourly Snowfall Guidance 
 
,f¨f¥wnxn¦¨nb 4©ndYxbf  
 
Mmf Ăuw ?!>®ă zkkf¥fd ¨¯z dnkkf¥fx¨ mz©¥v± ¦xz¯kYvv ¢Y¥Ywf¨f¥¦ ¨z ¨mf āÿĀĆ TT.Î  Mmf kn¥¦¨ 
¯Y¦ Y wY°nw©w mz©¥v± k¥z´fx ¢¥fbn¢n¨Y¨nzx ¥Y¨f ¨z Y¦¦f¦¦ ¨mf ¢z¨fx¨nYv kz¥ mfY®± ¦xz¯kYvv ¥Y¨f¦ 
aY¦fd zx ®f¥¨nbYv wz¨nzx Yxd ¢¥fbn¢n¨Y¨nzx fkknbnfxb± nx ¨mf wzdfvÎ Mmf ¦fbzxd ¯Y¦ Y df¥n®fd 
mz©¥v± ¦xz¯kYvv Ybb©w©vY¨nzx ¨Yunxl ¨mf Ykz¥fwfx¨nzxfd mz©¥v± k¥z´fx ¢¥fbn¢n¨Y¨nzx ¥Y¨f Yxd 
Y¢¢v±nxl ¥nwnxl dY¨Y k¥zw ¨mf wzdfv wnb¥z¢m±¦nb¦ ¨z Ydt©¦¨ ¨mf )Y°¨f¥ bvnwY¨zvzlnbYv 
¦xz¯Ý¨zÝvn¤©nd ¥Y¨nz ã3nl©¥f Āÿ ¥nlm¨äÎ  
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Figure 10.​ ãvfk¨ä n¦ Yx f°Yw¢vf zk ¨mf >Y° 5z©¥v± 3¥z´fx H¥fbn¢n¨Y¨nzx knfvd ¯n¨m xz L=K  Yxd 
ã¥nlm¨ä n¦ Yx f°Yw¢vf zk ¨mf ?!>®ā þÝmz©¥ ¦xz¯kYvv Ybb©w©vY¨nzx ¯n¨m wzdnknfd )Y°¨f¥ L=K ®Yvnd 
;Yx©Y¥± ĄË ÿýþĄ 
 
4fxf¥Yvv±Ë az¨m ?!>®ă knfvd¦ ¯f¥f f®Yv©Y¨fd Y¦ afnxl ¨zz vnlm¨ Y¦ Y ¦xz¯kYvv kz¥fbY¦¨ ¯mfx 
bzw¢Y¥fd ¨z za¦f¥®fd dY¨YÎ  5z¯f®f¥Ë ¨mf ¢Y¥¨nbn¢Yx¨¦ nxdnbY¨fd  ¨mY¨ ¨mf mz©¥v± ¦xz¯kYvv 
knfvd¦ ¢¥z®ndfd ©¦fk©v l©ndYxbf ¯mfx df¨f¥wnxnxl ¦¢Y¨nYv f°¨fx¨ Yxd ¨nwnxl zk ¨mf f°¢f¥nwfx¨Yv 
¢¥zaYanvn¦¨nb ¦xz¯kYvv ¥Y¨f kz¥fbY¦¨¦Î  Mmf ?!>®ă wY°nw©w ĀÝmz©¥ k¥z´fx ¢¥fbn¢n¨Y¨nzx ¥Y¨f 
ã3nl©¥f Āÿ ¥nlm¨ä mfv¢fd ndfx¨nk± Y¥fY¦ ¯mf¥f  wz¥f nx¨fx¦f ¦xz¯kYvv Yxd ¦vff¨ aYxd¦ ¯f¥f 
kz¥fbY¦¨Î  
 
!v¦z kfY¨©¥fd ¯Y¦ ¨mf 5KKK®Ă ĀÝmz©¥ ¦xz¯kYvv Ybb©w©vY¨nzx ã3nl©¥f ĀĀaä ¯mnbm bzwf¦ dn¥fb¨v± 
k¥zw ¨mf wzdfv wnb¥z¢m±¦nb¦Î  ,nkkf¥fx¨ k¥zw ¨mf ?!>®ăË mz¯f®f¥Ë n¦ Y aY¦nb ĀÿÍĀ L=K n¦ 
Y¢¢vnfd ¨z k¥z´fx JH3 Y¦ n¨ nx¨f¥Yb¨¦ ¯n¨m ¨mf wzdfv vYxd ¦©¥kYbf ¢Y¥Ywf¨f¥n´Y¨nzxÎ HY¥¨nbn¢Yx¨¦ 
bzwwfx¨fd k¥f¤©fx¨v± ¨m¥z©lmz©¨ ¨mf f°¢f¥nwfx¨ ¨mY¨ Yv¨mz©lm ¨mf ¦¢Y¨nYv f°¨fx¨ zk ¨mn¦ knfvd 
mYd ¨mf lfxf¥Yv ndfY zk ¨mf f®fx¨ zbb©¥¥nxlË wYlxn¨©df zk ¨mf ¦xz¯kYvv ¯Y¦ ¨zz ©xdf¥dzxf ¨z 
af ©¦fk©vÎ  Mmf vnlm¨ Ywz©x¨¦ lfxf¥Y¨fd k¥zw ¨mf 5KKK®Ă ¯z©vd mY®f wn¦vfd kz¥fbY¦¨f¥¦ 
¥flY¥dnxl ¨mf nx¨fx¦n¨± zk ¨mf ¦xz¯kYvv f®fx¨¦Î  Mmf 5KKK®Ă ¯Y¦ bzx¦n¦¨fx¨v± vnlm¨f¥ nx Ywz©x¨¦ 
¨mYx ¨mf ?!>®ăÎ  
 
Mmf ?*!K .x¦fwavf ¢¥z®ndfd wz¥f dn¦¢f¥¦n®f l©ndYxbf ¨z ¨mf mz©¥v± ¦xz¯kYvv ¥Y¨f¦ ¯n¨m n¨¦ 
ĀÝmz©¥ wfYx mz©¥v± ¦xz¯kYvv Ybb©w©vY¨nzx ã3nl©¥f ĀĀdäÎ  A®f¥YvvË ¨mf w©v¨nÝwfwaf¥ fx¦fwavf 
dnd ¯fvv a± nw¢¥z®nxl ¨mf lfxf¥Yv ¦¢Y¨nYv f°¨fx¨ Yxd nxb¥fY¦nxl ¨mf wYlxn¨©df zk ¦xz¯kYvv 
Ybb©w©vY¨nzx¦Ë Yv¨mz©lm ¯Y¦ lfzl¥Y¢mnbYvv± zkk¦f¨ Y¨ ¨nwf¦ ãwz¦¨ zk¨fx xz¥¨m¯Y¥dË Y¦ nx ¨mf 
3nl©¥f ĀĀ f°Yw¢vfäÎ  .x¦fwavnxl ¯Y¦ Yx nw¢¥z®fwfx¨ ©¢zx ¨mf df¨f¥wnxn¦¨nb ¢¥zd©b¨¦ Y¨ 
bY¢¨©¥nxl ¨mf wYlxn¨©df Yxd nx¨fx¦n¨± zk ¨mf ¦xz¯ f®fx¨¦Î 
 
*zwwfx¨¦​Í  6x ¦vnlm¨v± kf¯f¥ ¨mYx mYvk zk ¨mf Āă f®fx¨¦ f®Yv©Y¨fdË ¢Y¥¨nbn¢Yx¨¦ ¥f¢z¥¨fd ¨mY¨ 
¨mf ¦xz¯kYvv k¥zw ¨mf ?*!K fx¦fwavf bvz¦fv± ¥f¦fwavfd ®f¥nknbY¨nzxÎ  ,f¦¢n¨f ¨mn¦ 
nw¢¥z®fwfx¨Ë ¨mf¥f ¯f¥f bY¦f¦ nx ¯mnbm ¨mf fx¦fwavf ¦¨¥©llvfd ¯n¨m nx¨fx¦n¨±Î 
 
L©llf¦¨nzx¦​Í​ H¥z®ndf Y ¢¥zaYanvn¨±ÝwY¨bmfd wfYx ¨z nw¢¥z®f ¨mf ¦xz¯kYvv Ybb©w©vY¨nzx 
z©¨¢©¨Î  6¨ ¯Y¦ Yv¦z ¦©llf¦¨fd ¨mY¨ Y wfYx kz¥ ¦xz¯kYvv Ybb©w©vY¨nzx wY± xz¨ mY®f kz¥fbY¦¨f¥ 
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