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Introduction 
 
6x Yx fkkz¥¨ ¨z ¦©¢¢z¥¨ nw¢¥z®fwfx¨¦ nx az¨m TH* Yxd T3A ¯nx¨f¥ ¯fY¨mf¥ kz¥fbY¦¨¦Ë ¨mf 
5±d¥zwf¨fz¥zvzl± Mf¦¨afd Y¨ TH* ã5>MÝTH*ä bzxd©b¨fd ¨mf ć¨m !xx©Yv Tnx¨f¥ TfY¨mf¥ 
.°¢f¥nwfx¨ ãTT.äÎ  Mmf f°¢f¥nwfx¨ a¥z©lm¨ ¨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 āÿĀĆÝĀć TT. ¢¥z®ndfd Yx z¢¢z¥¨©xn¨± kz¥ ¢Y¥¨nbn¢Yx¨¦ ¨z f®Yv©Y¨f Y ¦©n¨f zk az¨m 
df¨f¥wnxn¦¨nb Yxd ¢¥zaYanvn¦¨nb ¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mw¦ nx Y ¥fYv ¨nwf ¦f¨¨nxl ¨z Y¦¦nlx ¨mf 
af¦¨ ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥ ¨mf ¨mf¥wYv fx®n¥zxwfx¨Î .°¢f¥nwfx¨Yv dY¨Y ¦f¨¦ ¯f¥f ©¦fd ¦ndf a± 
¦ndf ¯n¨m b©¥¥fx¨ z¢f¥Y¨nzxYv wf¨mzd¦Î 
 
Mmf āÿĀĆÝĀć TT. ¯Y¦ bzxd©b¨fd az¨m ¥fwz¨fv± Yxd zx vzbY¨nzx nx *zvvflf HY¥uË >, ¨mn¦ ±fY¥ 
©¨nvn´nxl ¨mf ¯faÝaY¦fd dn¦¨Yxbf bzww©xnbY¨nzx ¦zk¨¯Y¥fË >nuzlzË ¢Yn¥fd ¯n¨m Y ¨fvfbzx ¨z 
fxbz©¥Ylf Yxd ¢¥zwz¨f nx¨f¥Yb¨n®n¨± Yxd fxlYlfwfx¨ ¯n¨m ¨mf ¢Y¥¨nbn¢Yx¨¦Î  >z¥f zx ¨mf 
¥fwz¨f Y¦¢fb¨ zk ¨mf f°¢f¥nwfx¨ bYx af kz©xd nx ¨mf Kfwz¨f .°¢f¥nwfx¨ ¦fb¨nzx afvz¯Î 
 
Science and Operations Objectives 
 
Mmf wYnx zatfb¨n®f¦ zk ¨mf āÿĀĆÝĀć Tnx¨f¥ TfY¨mf¥ .°¢f¥nwfx¨ ¯f¥f ¨zÍ 
 

ƴ .°¢vz¥f ¨mf ¨f¦¨nxl zk w©v¨n¢vf wnb¥z¢m±¦nbYv Yxd ¢¥zaYanvn¦¨nb ¢¥fbn¢n¨Y¨nzx ¨±¢f 
wf¨mzdzvzlnf¦ ¨z df¨f¥wnxf ¯mnbm wf¨mzd¦ af¦¨ fxmYxbf ¨mf kz¥fbY¦¨ ¢¥zbf¦¦Î 

ƴ .°¢vz¥f ¨mf Y¢¢vnbY¨nzx¦ zk 3©´´± *v©¦¨f¥nxl ¨z ¨mf ¢¥fdnb¨nzx zk ¯nx¨f¥ ¯fY¨mf¥Î 
ƴ .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 
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Table 1.  M¥Yx¦n¨nzx >f¨¥nb¦ kz¥ ¦fvfb¨ f°¢f¥nwfx¨Yv l©ndYxbf Yxd ¨fbmxn¤©f¦ 

 
 

Experiment Operations 
 
Mmf f°¢f¥nwfx¨ ¯Y¦ bzxd©b¨fd ¯ffuv± z®f¥ ¨mf full winter season aflnxxnxl M©f¦dY±Ë 
?z®fwaf¥ ĀăË āÿĀĆ Yxd fxdnxl 3¥ndY±Ë >Y¥bm Ĉ¨mË āÿĀćÎ Mmn¦ ±fY¥Ë ¨mf TT. ¯Y¦ f°fb©¨fd 
remotely k¥zw ¨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 >,Î  .°¢f¥nwfx¨ ¢Y¥¨nbn¢Yx¨¦ Yxd knfvd ¥f¢¥f¦fx¨Y¨n®f¦ 
¯f¥f Y¦ufd ¨z tznx ¥fwz¨fv± zx Ñ3z¥fbY¦¨ M©f¦dY±¦Ò ãĀÿÍĂÿ YwÝĀāÍĂÿ ¢w .LMä Yxd ÑSf¥nknbY¨nzx 
Tfdxf¦dY±¦Ò ãĀÿÍĂÿ YwÝĀāÍĂÿ .LMä ¨m¥z©lmz©¨ ¨mf ¦fY¦zxÎ .°¢f¥nwfx¨Yv dY¨Y Yxd ¨zzv¦ ¯f¥f 
f°¢vz¥fd Yxd ©¦fd ¨z b¥fY¨f f°¢f¥nwfx¨Yv ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦ zx M©f¦dY±¦Î  3z¥fbY¦¨ 
Yxd dY¨Y ¦f¨ ®f¥nknbY¨nzx ¯Y¦ ¢¥f¦fx¨fd Yxd dn¦b©¦¦fd Yxd ¦©atfb¨n®f kffdaYbu bzvvfb¨fd zx 
Tfdxf¦dY±¦Î  ?z¨f ¨mY¨ ¨mf f°¢f¥nwfx¨ ¯Y¦ xz¨ bzxd©b¨fd z®f¥ ¨mf ¯ffu¦ zk ?z®fwaf¥ āÿ¨mË 
,fbfwaf¥ āĄ¨mË ;Yx©Y¥± Ā¦¨Ë Yxd ;Yx©Y¥± Ć¨m d©f ¨z mzvndY± ¦bmfd©vnxl Yxd ¨mf Yxx©Yv !>L 
wff¨nxlÎ 
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.Ybm M©f¦dY±Ë ¨mf f°¢f¥nwfx¨ ¢Y¥¨nbn¢Yx¨¦ ¯f¥f f°¢z¦fd ¨z Y ¦©n¨f zk f°¢f¥nwfx¨Yv 
¢¥fbn¢n¨Y¨nzx ¨±¢f wzdfv l©ndYxbf Yxd Y¦ufd ¨z b¥fY¨f f°¢f¥nwfx¨Yv ¢¥fbn¢n¨Y¨nzx ¨±¢f 
kz¥fbY¦¨¦ kz¥ ¦xz¯Ë nbf Yxd ¦vff¨Ë nx kz©¥ ąÝmz©¥ ¨nwf ¦¨Yw¢¦ ®Yvnd z®f¥ āă mz©¥¦ kz¥ ¨mf Day 2 
(12 – 12 UTC) or Day 3 (12 -12 UTC) time periodsÎ   6k Y ¯nx¨f¥ f®fx¨ nx ¨mf ,Y± Ā ¢f¥nzd ¢¥z®fd 
¨z af Y wz¥f nx¨f¥f¦¨nxl f®fx¨ ¨z f°¢vz¥fË Day 1 (18 - 12 UTC) bz©vd Yv¦z af f®Yv©Y¨fd ©¦nxl ¨mf 
l©ndYxbfË mz¯f®f¥ zxv± ¨m¥ff ąÝmz©¥ ¨nwf ¦¨Yw¢¦ ¯f¥f ¢¥f¢Y¥fd nx ¨mf kz¥fbY¦¨Î  HY¥¨nbn¢Yx¨¦ 
¯f¥f bYvvfd ©¢zx ¨z bzx¨z©¥ Y¥fY¦ zk ¢¥fbn¢n¨Y¨nzx ¨±¢f ã¦xz¯Ë k¥ff´nxl ¥Ynxä kz¥ fYbm zk ¨mf 
ąÝmz©¥ ¨nwf¦ ¦¨Yw¢¦ kz¥ ¨mf ¦fvfb¨fd kz¥fbY¦¨ dY±Î  Mmf Ąuw TH* JH3 ¯Y¦ ©¦fd Y¦ Y 
bzw¢zxfx¨ zk ¨mf ¦xz¯ Yxd nbf kz¥fbY¦¨Î Mmn¦ ¯Y¦ Yx f¦¦fx¨nYv ¢nfbf zk Y¥fYv l©ndYxbf nx 
¢¥f¢Y¥nxl ¨mf ¢vYbfwfx¨ zk ¨mf ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦Î ,©¥nxl ¨mf kn¥¦¨ mYvk zk ¨mf 
f°¢f¥nwfx¨ ¦fY¦zxË ¨mf Ąuw TH* ¯Y¦ ©¦fd nx bzxt©xb¨nzx ¯n¨m ¨mf TH* ¦xz¯Ý¨zÝvn¤©nd ¥Y¨nz 
ãL=KäË ¨mf nbfÝ¨zÝvn¤©nd ¥Y¨nz ã6=KäË Yxd ¨mf f°¢f¥nwfx¨ ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨ ¨z lfxf¥Y¨f ą 
Yxd āă mz©¥ ¦xz¯Ùnbf Ybb©w©vY¨nzx kz¥fbY¦¨¦Î 6x z¥df¥ ¨z kzb©¦ ¨mf ®f¥nknbY¨nzx ¦f¦¦nzx ¨z af 
wz¥f f®Yv©Y¨nzx zk ¨mf f°¢f¥nwfx¨Yv ¢¥fbn¢n¨Y¨nzx ¨±¢f ¨zzv¦Ë ¨mf lfxf¥Y¨nzx zk ¦xz¯Ùnbf 
kz¥fbY¦¨¦ ¯Y¦ fvnwnxY¨fd kz¥ ¨mf ¦fbzxd mYvk zk ¨mf f°¢f¥nwfx¨Î 
 
Ax Tfdxf¦dY±¦Ë ¢Y¥¨nbn¢Yx¨¦ mYd ¨mf z¢¢z¥¨©xn¨± ¨z zatfb¨n®fv± YxYv±´f Yxd ¦©atfb¨n®fv± 
f®Yv©Y¨f ¨mf ¢f¥kz¥wYxbf zk az¨m ¨mf f°¢f¥nwfx¨Yv kz¥fbY¦¨¦ Yxd ¨mf f°¢f¥nwfx¨Yv wzdfv 
l©ndYxbf z®f¥ ¨mf ¢¥f®nz©¦ ¯ffuÎ  Kf¨¥z¦¢fb¨n®f bY¦f¦ ¯f¥f YxYv±´fd ¨z knvv ¢f¥nzd¦ vYbunxl 
¦nlxnknbYx¨ ¯nx¨f¥ ¯fY¨mf¥ z¥ ¨z bY¢n¨Yvn´f zx nx¨f¥f¦¨nxl f®fx¨¦Î 
 
6x Yddn¨nzx ¨z ¨mf ¥fwz¨f f°¢f¥nwfx¨Ë ¨mf¥f ¯f¥f ¨¯z ¯ffu¦ zk ¥f¦ndfxbf f°¢f¥nwfx¨¦ Y¨ 
?*T*H ¯mnbm nxbv©dfd bzx¨¥na©¨nxl df®fvz¢f¥¦Ë ¥f¦fY¥bm ¨z z¢f¥Y¨nzx¦ ãKāAä ¢Y¥¨xf¥¦Ë  Yxd 
?TL T3A Lbnfxbf A¢f¥Y¨nzx¦ Akknbf¥¦ ãLAA¦äÎ  Mmf ¨¯z ¯ffu¦ kz¥ ¨mf nxÝmz©¦f f°¢f¥nwfx¨ Y¨ 
?*T*H ¯f¥fÍ  
 

Tffu ĀÍ  3fa¥©Y¥± Āā¨m Ý Āą¨mË āÿĀć 
Tffu āÍ  >Y¥bm Ą¨m Ý Ĉ¨mË āÿĀć 

 

Executing a Remote Experiment 
 
,¥n®nxl kYb¨z¥¦Ë ¦©bm Y¦ ¥fd©bfd ¨¥Y®fv k©xd¦ Yxd wn¦¦nxl wYtz¥ ¯nx¨f¥ f®fx¨¦ ¯mfx afnxl 
vnwn¨fd ¨z Y ăÝ¯ffu ¥f¦ndfxbfÝzxv± f°¢f¥nwfx¨Ë ¯f¥f ¥fY¦zx¦ ¨z f°¢vz¥f f°fb©¨nxl ¨mf TT. 
¥fwz¨fv± ¨mn¦ ±fY¥Î  TH* ©¨nvn´fd >nuzlz ãm¨¨¢¦ÍÙÙlzÎwnuzlzÎbzwäË Y ¦b¥ffx ¦mY¥nxl ¨fbmxzvzl±Ë 
¯mnbm bYx af ©¦fd fY¦nv± nx az¨m =nx©° Yxd Tnxdz¯¦ fx®n¥zxwfx¨¦Î  Tmfx w©v¨n¢vf ©¦f¥¦ ¯f¥f 
bzxxfb¨fd ¨z ¨mf ¦Ywf >nuzlz ¦f¦¦nzxË ¢¥f¦fx¨f¥ bzx¨¥zv¦ bz©vd af f°bmYxlfd d©¥nxl ¨mf 
¦f¦¦nzx ¨z Yvvz¯ kz¥ w©v¨n¢vf wfwaf¥¦ zk ¨mf ¨f¦¨afd ¦¨Ykk Yxd f°¢f¥¨ ¢¥f¦fx¨f¥¦ ¨z ¦mY¥f 
f°¢f¥nwfx¨ dY¨Y Yxd nxkz¥wY¨nzxÎ  .Ybm f°¢f¥nwfx¨ dY±Ë ¨mf ¨fvfbzxkf¥fxbf x©waf¥ Yxd xf¯ 
>nuzlz ¦f¦¦nzx 6, ¯Y¦ ¢z¦¨fd nx Y dzb©wfx¨ ¨mY¨ ¯Y¦ ¦mY¥fd ¯n¨m Yvv f°¢f¥nwfx¨ ¢Y¥¨nbn¢Yx¨¦Î  
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Figure 1. Ax ¨mf vfk¨Ë Y ¥fwz¨f ¦b¥ffx ¯n¨m ¨mf >nuzlz ¢Yxfv ¢¥f¦fx¨ Yxd dY¨YÎ  Ax ¨mf ¥nlm¨Ë 
¢Y¥¨nbn¢Yx¨¦ Yxd vfYdf¥¦ nx ¨mf *zvvYaz¥Y¨nzx Kzzw Y¨ TH* dn¦b©¦¦nxl ¨mf dY¨Y Yvzxl ¯n¨m ¨mz¦f 
zx ¨mf ¨fvfbzxkf¥fxbf bYvvÎ 
 
6x Yddn¨nzx ¨z ¨mf >nuzlz dzb©wfx¨Ë Y 4zzlvf ,¥n®f kzvdf¥ ¦mY¥fd ¯n¨m ¨mf f°¢f¥nwfx¨ 
¢Y¥¨nbn¢Yx¨¦ bzx¨Ynxfd Yx Y¨¨fxdYxbf dzb©wfx¨Ë Y 4zzlvf 3z¥w¦ ¦©¥®f± ¨m¥z©lm ¯mnbm ¦bz¥f¦ 
Yxd bzwwfx¨¦ ¯f¥f ¥fbz¥dfd d©¥nxl ®f¥nknbY¨nzxË ¨mf f°¢f¥nfx¨ z¥nfx¨Y¨nzxË Yvv Y®YnvYavf 
dzb©wfx¨Y¨nzx ¥fvY¨fd ¨z ¨mf f°¢f¥nwfx¨Yv wzdfv l©ndYxbfË ®f¥nknbY¨nzx ¦f¦¦nzx ¦vndf¦Ë Yxd ¨mf 
¢¥f¦fx¨Y¨nzx¦ ln®fx a± f°¢f¥¨¦ ¨m¥z©lmz©¨ ¨mf f°¢f¥nwfx¨Î  HY¥¨nbn¢Yx¨¦ Yxd bzx¨¥na©¨z¥¦ mYd 
Ybbf¦¦ ¨z Yvv f°¢f¥nwfx¨ dzb©wfx¨¦ ¨z f°¢vz¥f Yxd nx¤©n¥f zx ¨mfn¥ z¯x ¨nwf Yxd 
bzvvYaz¥Y¨n®fv± ¯n¨m ¨mf l¥z©¢Î 
 
3ffdaYbu Yaz©¨ ¨mf ¥fwz¨f f°¢f¥nwfx¨ ¯Y¦ ¢z¦n¨n®fÎ  HY¥¨nbn¢Y¨nzx Yxd x©waf¥ zk ¯nx¨f¥ 
¯fY¨mf¥ bY¦f¦ ¯f¥f wY¥ufdv± nw¢¥z®fdÎ Mmf ¥fwz¨f f°¢f¥nwfx¨ fxYavfd ¢Y¥¨nbn¢Y¨nzx Yxd ¨mf 
nxk©¦nzx zk ¦©atfb¨ f°¢f¥¨¦ k¥zw Y dn¦¨Yxbf ¯n¨m fY¦f Yxd fx¥nbmfd ¨mf ¢¥zl¥YwÎ  Mmf ¢¥nwY¥± 
d¥Y¯aYbu ¯Y¦ ¨mf nxYanvn¨± ¨z fkknbnfx¨v± fxlYlf ¨mz¦f ¯mz ¯f¥f ¢Y¥¨nbn¢Y¨nxl ¥fwz¨fv± nx Yx 
nx¨f¥Yb¨n®f ¢¥zbf¦¦Î  TH*Ý5>M ¯nvv f°¢vz¥f ¯Y±¦ ¨z nw¢¥z®f fkknbnfxbnf¦ nx ¥fwz¨f ¢Y¥¨nbn¢Y¨nzx 
kz¥ kzvvz¯nxl f°¢f¥nwfx¨¦Î  
 

Cases 
 
MYavf ā ln®f¦ Yx z®f¥®nf¯ zk ¨mf ¦¢fbnknb bY¦f¦ ¨mY¨ ¯f¥f ®f¥nknfd fYbm ¯ffu zk ¨mf ¥fwz¨f 
f°¢f¥nwfx¨ Yxd fYbm dY± d©¥nxl ¨mf ā nxÝmz©¦f ¯ffu¦ z®f¥ ¨mf Y¢¢¥z°nwY¨f ă wzx¨m 
f°¢f¥nwfx¨Î  ! ¨z¨Yv zk ĀĆ bY¦f¦ ¯f¥f ®f¥nknfd z®f¥ ¨mf Ĉ ¥fwz¨f ¦f¦¦nzx¦ Yxd ¨mf ā nxÝmz©¦f 
f°¢f¥nwfx¨ ¯ffu¦Î  Mmf bY¦f¦ Y¥f Y¥¥Yxlfd nx bm¥zxzvzlnbYv z¥df¥ aY¦fd zx ¨mf ¦¨Y¥¨ Yxd fxd 
dY¨f¦ zk ¨mf bY¦f¦ ®f¥nknfdÎ  Mmn¦ ¦fb¨nzx ¯nvv ln®f Y a¥zYd ¦±xz¢¨nb z®f¥®nf¯ zk ¨mf ă wzx¨m ¨nwf 
¢f¥nzd Y¦ ¯fvv Y¦ mnlmvnlm¨ ¦zwf zk ¨mf wz¥f nx¨f¥f¦¨nxl Yxd bmYvvfxlnxl bY¦f¦ ¨mY¨ ¨mf 
kz¥fbY¦¨f¥¦ Yxd ¢Y¥¨nbn¢Yx¨¦ kYbfd d©¥nxl ¨mf f°¢f¥nwfx¨Î 
 
Table 2. *m¥zxzvzlnbYv vn¦¨ aY¦fd zx ¨mf ¦¨Y¥¨ Yxd fxd dY¨f zk ¨mf þĄ ¨z¨Yv bY¦f¦ ®f¥nknfd z®f¥ ¨mf 
bz©¥¦f zk ¨mf ÿýþĄÙþą TT.Î 
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Start Date Start Time End Date End Time Experiment Date (Week 
Number-(Day) - Date) 

11/16/17 12Z 11/17/17 12Z 2 - 11/29/17 

12/1/17 12Z 12/2/17 12Z 3 - 12/6/17 

12/6/17 12Z 12/7/17 12Z 4 - 12/13/17 

12/13/17 12Z 12/14/17 12Z 5 - 12/20/17 

12/20/17 12Z 12/21/17 12Z 6 - 1/17/18 

1/3/18 12Z 1/4/18 12Z 10-Th - 2/15/18 

1/8/18 12Z 1/9/18 12Z 10-W - 2/14/18 

1/16/18 12Z 1/17/18 12Z 7 - 1/24/18 

1/23/18 12Z 1/24/18 12Z 8 - 1/31/18 

2/1/18 12Z 2/2/18 12Z 9 - 2/7/18 

2/4/18 12Z 2/5/18 12Z 10-F - 2/16/18 

2/7/18 12Z 2/8/18 12Z 10-Tu - 2/13/18 

**Note Week 11 had no forecast/verification exercise due to technical problems. 

2/17/18 12Z 2/18/18 12Z 12 - 2/28/18 

2/22/18 12Z 2/23/18 12Z 13-W - 3/7/18 

2/25/18 12Z 2/26/18 12Z 13-F - 3/9/18 

2/28/18 12Z 3/1/18 12Z 13-Tu - 3/6/18 

3/2/18 12Z 3/3/18 12Z 13-Th - 3/8/18 

Key Remote Verification Weeks In-House Verification Days 
 
 
3nl©¥f ā ¦mz¯¦ ¨mf Y®f¥Ylf Ąÿÿ mHY mfnlm¨¦ z®f¥ ¨mf Nxn¨fd L¨Y¨f¦ d©¥nxl ¦fvfb¨ ¢f¥nzd¦ z®f¥ 
¨mf bz©¥¦f zk ¨mf fx¨n¥f f°¢f¥nwfx¨Î  
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Figure 2Î !®f¥Ylf Ăýý mH! mfnlm¨¦ kz¥ ¨mf ¢f¥nzd¦ zk ã!ä ?z®fwaf¥ þā Ý ĀýË ÿýþĄË ã)ä ,fbfwaf¥ 
þ Ý ĀýË ÿýþĄË ã*ä ;Yx©Y¥± þ Ý ĀþË ÿýþąË Yxd ã,ä 3fa¥©Y¥± þ Ý >Y¥bm ĆË ÿýþąÎ  6wYlf¦ lfxf¥Y¨fd 
k¥zw ¨mf ?*.HÙ?*!K KfYxYv±¦n¦ ¢¥z®ndfd a± ?A!!Ù.LK=ÙHL, 
ãm¨¨¢ÍÙÙ¯¯¯Îf¦¥vÎxzYYÎlz®Ù¢¦dÙdY¨YÙbzw¢z¦n¨f¦ÙdY±ÙäÎ 
 
Mmf vY¦¨ mYvk zk ?z®fwaf¥ ã3nl©¥f ā!ä kfY¨©¥fd Y dff¢ ¨¥z©lm z®f¥ ¨mf fY¦¨f¥x ¨mn¥d zk ¨mf 
Nxn¨fd L¨Y¨f¦ ãNÎLä ¯n¨m ¥ndlnxl nx ¨mf Tf¦¨f¥x NÎLÎ  6x ,fbfwaf¥Ë ã3nl©¥f ā)ä ¨mf ¨¥z©lm 
kvY¨¨fxfd nx ¨mf .Y¦¨ Yxd ¨mf Y°n¦ ¦mnk¨fd ¯f¦¨ ¯mnvf ¨mf ¢Y¨¨f¥x Yw¢vnknfd nx ¨mf Tf¦¨f¥x NÎLÎ 
¯n¨m Y ¥ndlf t©¦¨ zkk ¨mf bzY¦¨ Yxd Y ¨¥z©lm nx ¨mf Lz©¨m¯f¦¨Î  ,©¥nxl ;Yx©Y¥± ã3nl©¥f ā*äË ¨mf 
¢Y¨¨f¥x ¯Y¦ ¦nwnvY¥ ¨z ¨mf vY¨¨f¥ mYvk zk ?z®fwaf¥ kfY¨©¥nxl  Y ¨¥z©lm nx ¨mf fY¦¨f¥x mYvk zk ¨mf 
NÎLÎ Yxd Y a¥zYd ¥ndlf z®f¥ ¨mf ¯f¦¨f¥x ¦¨Y¨f¦Î  3nxYvv±Ë nx 3fa¥©Y¥± Yxd ¨mf kn¥¦¨ ¯ffu zk >Y¥bm 
ã3nl©¥f ā,äË ¨mf Ąÿÿ mHY ¢Y¨¨f¥x afbYwf wz¥f ´zxYv nx ¨mf bfx¨¥Yv Yxd ¦z©¨mf¥x vY¨n¨©df¦ ¯n¨m 
Y ¨¥z©lm dzwnxY¨nxl ¨mf xz¥¨mf¥x ¢Y¥¨ zk ¨mf NÎLÎ  ! w©bm wz¥f Yw¢vnknfd ¢Y¨¨f¥x f°n¦¨fd zkk 
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fYbm ¥f¦¢fb¨n®f bzY¦¨ nx ¨mf HYbnknb Yxd !¨vYx¨nb AbfYx¦Î  3nl©¥f Ă ¦mz¯¦ ¨mf Y¦¦zbnY¨fd Ąÿÿ mHY 
YxzwYvnf¦ kz¥ ¨mf Yaz®fwfx¨nzxfd ¢f¥nzd¦Î 
 

 
Figure 3Î !®f¥Ylf Ăýý mH! mfnlm¨ YxzwYvnf¦ kz¥ ¨mf ¢f¥nzd¦ zk ã!ä ?z®fwaf¥ þā Ý ĀýË ÿýþĄË ã)ä 
,fbfwaf¥ þ Ý ĀýË ÿýþĄË ã*ä ;Yx©Y¥± þ Ý ĀþË ÿýþąË Yxd ã,ä 3fa¥©Y¥± þ Ý >Y¥bm ĆË ÿýþąÎ  6wYlf¦ 
lfxf¥Y¨fd k¥zw ¨mf ?*.HÙ?*!K KfYxYv±¦n¦ ¢¥z®ndfd a± ?A!!Ù.LK=ÙHL, 
ãm¨¨¢ÍÙÙ¯¯¯Îf¦¥vÎxzYYÎlz®Ù¢¦dÙdY¨YÙbzw¢z¦n¨f¦ÙdY±ÙäÎ 
 
!®f¥Ylf ¦©¥kYbf ¨fw¢f¥Y¨©¥f YxzwYvnf¦ Y¥f ¦mz¯x nx 3nl©¥f ăÎ  Mmf kn¥¦¨ ¨m¥ff ¢f¥nzd¦ k¥zw ¨mf 
wnddvf zk ?z®fwaf¥ ¨z ¨mf fxd zk ;Yx©Y¥± ¯f¥f ¢¥fdzwnxYx¨v± ¯Y¥wf¥ nx ¨mf Tf¦¨f¥x Nxn¨fd 
L¨Y¨f¦ Yxd nx ¢z¥¨nzx¦ zk ¨mf *fx¨¥Yv HvYnx¦Î  6x ,fbfwaf¥ ã3nl©¥f ă)äË bzvdf¥ ¨mYx xz¥wYv 
¨fw¢f¥Y¨©¥f¦ f°n¦¨fd z®f¥ w©bm zk ?f¯ .xlvYxd Y¦ ¯fvv Y¦ ¦z©¨mfY¦¨f¥x Mf°Y¦Î  >©bm zk ¨mf 
fY¦¨f¥x ¢Y¥¨ zk ¨mf bz©x¨¥± ¯Y¦ bzvdf¥ ¨mYx xz¥wYv nx ;Yx©Y¥± ã3nl©¥f ă*äË f¦¢fbnYvv± Y¥fY¦ nx 
¨mf Lz©¨mfY¦¨ ¯mf¥f ¨fw¢f¥Y¨©¥f¦ ¯f¥f ©¢ ¨z ă dfl¥ff¦ afvz¯ xz¥wYvÎ  Mmf ¢Y¨¨f¥x ¦mnk¨fd nx 
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3fa¥©Y¥± Yxd ¨mf kn¥¦¨ ¯ffu zk >Y¥bm ã3nl©¥f ă,ä ¯n¨m wz¦¨ Y¥fY¦ fY¦¨ zk ¨mf >n¦¦n¦¦n¢¢n Kn®f¥ 
f°¢f¥nfxbnxl Yaz®f xz¥wYv ¨fw¢f¥Y¨©¥f¦ Y¦ mnlm Y¦ ă dfl¥ff¦Î  >©bm afvz¯ xz¥wYv 
¨fw¢f¥Y¨©¥f¦ ¯f¥f vzbY¨fd nx ¨mf xz¥¨mf¥x *fx¨¥Yv HvYnx¦ Yxd ¨mf ?z¥¨m¯f¦¨ NÎLÎ 

 
Figure 4Î !®f¥Ylf ¦©¥kYbf ¨fw¢f¥Y¨©¥f YxzwYvnf¦ kz¥ ¨mf ¢f¥nzd¦ zk ã!ä ?z®fwaf¥ þā Ý ĀýË ÿýþĄË 
ã)ä ,fbfwaf¥ þ Ý ĀýË ÿýþĄË ã*ä ;Yx©Y¥± þ Ý ĀþË ÿýþąË Yxd ã,ä 3fa¥©Y¥± þ Ý >Y¥bm ĆË ÿýþąÎ  ​6wYlf¦ 
lfxf¥Y¨fd k¥zw ¨mf ?*.HÙ?*!K KfYxYv±¦n¦ ¢¥z®ndfd a± ?A!!Ù.LK=ÙHL, 
ãm¨¨¢ÍÙÙ¯¯¯Îf¦¥vÎxzYYÎlz®Ù¢¦dÙdY¨YÙbzw¢z¦n¨f¦ÙdY±ÙäÎ 
 
Mmf Lz©¨mfY¦¨f¥x NÎLÎ mYd Y ¢Y¥¨nb©vY¥v± ¦xz¯± ¯nx¨f¥ ¦fY¦zxÎ  3nl©¥f Ą ¦mz¯¦ ¨¯z xz¨fYavf 
f®fx¨¦ ¨mY¨ zbb©¥¥fd d©¥nxl ¨mf f°¢f¥nwfx¨ Yxd ¯f¥f ®f¥nknfd Y¦ bY¦f¦ a± ¢Y¥¨nbn¢Yx¨¦Î  Mmf kn¥¦¨ 
f®fx¨ ã3nl©¥f Ą vfk¨ä ¢¥zd©bfd  wfY¦©¥Yavf ¦xz¯ ¯fvv nx¨z Lz©¨m Mf°Y¦ Yxd Yvzxl ¨mf ¯f¦¨f¥x 
4©vk *zY¦¨ ¯n¨m mfY®± Ywz©x¨¦ ¨m¥z©lmz©¨ xz¥¨mf¥x 4fz¥lnY Yxd ¨mf ¯f¦¨f¥x *Y¥zvnxY¦Î 
,©¥nxl ¨mf ¦fbzxd f®fx¨ ã3nl©¥f Ą ¥nlm¨äË ¦xz¯ kfvv z®f¥ w©bm zk ¨mf ¦z©¨mfY¦¨f¥x bzY¦¨ ¯n¨m 
®f¥± mfY®± Ywz©x¨¦ nx ¦z©¨mfY¦¨ Sn¥lnxnYÎ  3¥ff´nxl ¥Ynx ¯Y¦ Yv¦z za¦f¥®fd Yvzxl ¨mf bzY¦¨ nx 
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fY¦¨f¥x Lz©¨m Yxd ?z¥¨m *Y¥zvnxYÎ 

 
Figure 5Î  ã=fk¨ä ?Y¨nzxYv A¢f¥Y¨nzxYv 5±d¥zvzlnb Kfwz¨f Lfx¦nxl *fx¨f¥ Lxz¯kYvv !xYv±¦n¦ 
®f¥¦nzx ÿ ã?A5KL*®ÿä ÿā mz©¥ ¦xz¯ YxYv±¦n¦ ®Yvnd k¥zw þÿX þÿÙą Ý þÿX þÿÙĆÙÿýþĄ Yxd ã¥nlm¨ä 
®Yvnd k¥zw þÿX þÙĀ Ý þÿX þÙāÙÿýþąÎ  LbYvf Ě ýÎýþÌþÌÿÌāÌăÌąÌþýÌþÿÌþāÌþăÌþąÌÿýÌÿÿÌÿāÌÿąÌĀÿÌĀă 
nxbmf¦ä 
 
,f¦¢n¨f ¨mf afvz¯Ýxz¥wYv ¦©¥kYbf ¨fw¢f¥Y¨©¥f¦ ¦mz¯x ¢¥f®nz©¦v± nx ¨mf wzx¨m¦ zk ,fbfwaf¥ 
Yxd ;Yx©Y¥± nx ¨mf >ndÝ!¨vYx¨nb ¦¨Y¨f¦ Yxd ?f¯ .xlvYxdË ¦zwf zk ¨mf wz¥f nw¢Yb¨k©v f®fx¨¦ nx 
¨mz¦f ¥flnzx¦ bYwf nx 3fa¥©Y¥± Yxd fY¥v± >Y¥bmÎ  3nl©¥f ą ¦mz¯¦ ¦zwf zk ¨mf wz¥f xz¨Yavf 
f®fx¨¦ ¨mY¨ nw¢Yb¨fd ¨mz¦f ¥flnzx¦ Y¦ ¯fvv Y¦ Y kf¯ wYtz¥ f®fx¨¦ nx ¨mf Tf¦¨f¥x NÎLÎ  Mmf 
¯f¦¨f¥x Yxd bfx¨¥Yv ¢z¥¨nzx zk >zx¨YxY f¦¢fbnYvv± ¦Y¯ ¦nlxnknbYx¨ ¦xz¯kYvv nx ¨mf¦f Yxd z¨mf¥ 
f®fx¨¦Î  Mmf f®fx¨ ¦mz¯x nx ¨mf ¨z¢ ¥nlm¨ zk 3nl©¥f ą ®Yvnd ĀāX āÙĆÙĀć Ý ĀāX āÙćÙĀć ¯Y¦ xz¨Yavf 
xz¨ zxv± kz¥ ¨mf ¦xz¯kYvv Ywz©x¨¦ z®f¥ ¨mf ?z¥¨mfY¦¨Ë a©¨ Yv¦z ¨mf wn°fd ¢¥fbn¢n¨Y¨nzx nx ¨mf 
kz¥w zk k¥ff´nxl ¥Ynx nx ¨mf ¦z©¨mf¥x >ndÝ!¨vYx¨nb ¦¨Y¨f¦Î  A®f¥YvvË f°¨fxdnxl ¨mf TT. z®f¥ ¨mf 
wYtz¥n¨± zk ¨mf ¯nx¨f¥ ¦fY¦zx ¢¥z®ndfd ©xn¤©f z¢¢z¥¨©xn¨nf¦ Yxd bmYvvfxlf¦ ¨z ©¨nvn´f ¨mf ¨zzv¦ 
¨z kz¥fbY¦¨ Yxd ®f¥nk± Y ¯ndf ®Y¥nf¨± zk bY¦f¦Î 
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Figure 6. ãMz¢ =fk¨ä ?A5KL*®ÿ ÿā mz©¥ ¦xz¯ YxYv±¦n¦ ®Yvnd k¥zw þÿX ÿÙā Ý þÿX ÿÙĂÙÿýþąË ãMz¢ 
Knlm¨ä ®Yvnd k¥zw þÿX ÿÙĄ Ý þÿX ýÿÙąÙÿýþąË ã)z¨¨zw =fk¨ä ®Yvnd k¥zw þÿX ÿÙþĄ Ý þÿX ýÿÙþąÙÿýþąË 
Yxd ã)z¨¨zw Knlm¨ä ®Yvnd k¥zw þÿX ĀÙÿ Ý þÿX ĀÙĀÙÿýþąÎ  LbYvf Ě 
ýÎýþÌþÌÿÌāÌăÌąÌþýÌþÿÌþāÌþăÌþąÌÿýÌÿÿÌÿāÌÿąÌĀÿÌĀă nxbmf¦ä 
 

Verification 
 
3z¥ ¨mn¦ ±fY¥Ð¦ ¥fwz¨f f°¢f¥nwfx¨Ë ®f¥nknbY¨nzx ¯Y¦ bzxd©b¨fd z®f¥ Y ¨¯zÝmz©¥ ¦f¦¦nzx fYbm 
Tfdxf¦dY± wz¥xnxl k¥zw ĀÿÍĂÿ !> Ý ĀāÍĂÿ H> .LMÎ  N¦f¥¦ ¯z©vd kzvvz¯ Yvzxl ¥fwz¨fv± a± 
®nf¯nxl Y ¦vndf¦mz¯ ¦mY¥fd ¨m¥z©lm ¨mf >nuzlz ¦zk¨¯Y¥f Yxd knvv z©¨ Yx zxvnxf 4zzlvf 3z¥w 
¦©¥®f± nxdn®nd©Yvv±Î  HY¥¨nbn¢Yx¨¦ k¥zw .>* ¯f¥f zk¨fx nx ¨mf ¥zzw d©¥nxl ¨mf ¥fwz¨f ¦f¦¦nzx¦ 
Yxd ¢¥z®ndfd kffdaYbu nx ¢f¥¦zxÎ   ,©¥nxl ¨mf nxÝmz©¦f ¯ffu¦Ë Y ¦nwnvY¥ ¦vndf¦mz¯ ¯Y¦ ¦mz¯x 
Yxd nxdn®nd©Yv ¦bz¥f¦ Yxd bzwwfx¨¦ ¯f¥f bzvvfb¨fd k¥zw ¨mz¦f nx ¨mf ¥zzwÎ  AxvnxfË ¥fwz¨f 
¢Y¥¨nbn¢Y¨nzx ¯Y¦ ¦¨nvv ¢z¦¦navf Yxd fxbz©¥Ylfd d©¥nxl ¨mf ¨¯z nxÝmz©¦f ¯ffu¦Î 
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Mmf ?Y¨nzxYv A¢f¥Y¨nzxYv 5±d¥zvzlnb Kfwz¨f Lfx¦nxl *fx¨f¥ Lxz¯kYvv !xYv±¦n¦ Sf¥¦nzx ā 
ã?A5KL*®āÌ Y®YnvYavf zxvnxf Y¨ m¨¨¢¦ÍÙÙ¯¯¯Îxzm¥¦bÎxzYYÎlz®Ù¦xz¯kYvvÙä ¯Y¦ ©¦fd ¨z ®f¥nk± 
wzdfv kz¥fbY¦¨fd ¦xz¯kYvv Ywz©x¨¦ Y¦ ¯fvv Y¦ ¨z mfv¢ ®f¥nk± ¦xz¯ ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦ 
¨m¥z©lmz©¨ ¨mf f°¢f¥nwfx¨Î  ! āăÝmz©¥ YxYv±¦n¦ n¦ Y®YnvYavf Y¨ ÿÿX Yxd ĀāX fYbm dY± Yxd Y 
ąÝmz©¥ YxYv±¦n¦ n¦ Y®YnvYavf Y¨ ÿÿXË ÿąXË ĀāXË Yxd ĀćXÎ  ?A5KL*®ā n¦ Y ¦±x¨mf¦n¦ zk x©wf¥nbYv 
¯fY¨mf¥ ¢¥fdnb¨nzx ã?THä ¦mz¥¨Ý¨f¥w kz¥fbY¦¨¦ ¨mY¨ Y¥f anY¦Ý Yxd f¥¥z¥Ýbz¥¥fb¨fd ¯n¨m Kn®f¥ 
3z¥fbY¦¨ *fx¨f¥¦ ãK3*ä ¢¥fbn¢n¨Y¨nzx YxYv±¦f¦ ¨mY¨ Y¥f bzx®f¥¨fd ¨z ¦xz¯kYvv ©¦nxl Y 
bvnwY¨zvzlnbYvË l¥nddfd ¦xz¯Ý¨zÝvn¤©nd ¥Y¨nzË ¯mnbm n¦ Yvv Y©lwfx¨fd Yxd fxmYxbfd ¯n¨m ¦©¥kYbf 
¦xz¯kYvv za¦f¥®Y¨nzx¦Î  
 
3z¥ ¨mf f°¢f¥nwfx¨Ë ¨mf ĀāX āă mz©¥ YxYv±¦n¦ Yxd ¨mf kz©¥ ą mz©¥ YxYv±¦f¦ ¯f¥f ©¦fdË ¨±¢nbYvv± 
Y¨ vfY¦¨ ¨¯z dY±¦ af±zxd ¨mf ®Yvnd ¨nwf ¨z fx¦©¥f l¥fY¨f¥ ¤©Yvn¨± bzx¨¥zvÎ  Mmf ą mz©¥ 
?A5KL*®ā YxYv±¦n¦ ¯Y¦ ©¦fd kz¥ ¨mf kn¥¦¨ ¨nwf d©¥nxl ¨mf TT. kz¥ ®f¥nk±nxl ¦xz¯kYvv 
¢¥fbn¢n¨Y¨nzx ¨±¢f nx ¦n° mz©¥v± ¨nwf¦¨f¢¦Ë ¨mf¥fkz¥f ¨mf Yb¨©Yv ¦xz¯kYvv Ywz©x¨¦ k¥zw ¨mf ¦n° 
mz©¥ YxYv±¦f¦ ¯f¥f xz¨ f®Yv©Y¨fdÎ  Mmf ÿÎÿĀ nxbm bzx¨z©¥ ¯Y¦ ¢vz¨¨fd ¨z f¦¨nwY¨f ¨mf z®f¥Yvv 
¦xz¯kYvv f°¨fx¨ ¨z mfv¢ ®f¥nk± ¦xz¯kYvv ¢¥fbn¢n¨Y¨nzx ¨±¢fÎ 
 
Mz ®f¥nk± mz©¥v± ¢¥fbn¢n¨Y¨nzxË ¨mf bzw¢zxfx¨¦ zk ¨mf wYnx ®f¥nknbY¨nzx wf¨mzdzvzl± Y¥f 
¤©Yx¨n¨Y¨n®f ¢¥fbn¢n¨Y¨nzx f¦¨nwY¨f ãJH.ä dY¨Y k¥zw L¨Ylf 6S ã=nx Yxd >n¨bmfvvË āÿÿĄä z¥ ¨mf 
>©v¨nÝKYdY¥ >©v¨nÝLfx¦z¥ 4Y©lf *z¥¥fb¨fd ã>K>LÝ4*ä JH. Yxd mz©¥v± nxn¨nYvn´Y¨nzx knfvd¦ k¥zw 
¨mf ĀĂ uw KY¢nd Kfk¥f¦m ãK!Hä >zdfvÎ  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 ¥fk¥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 n¦ ¥©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  Mmf ¢¥fbn¢n¨Y¨nzx ¨±¢f¦ df¥n®fd k¥zw ¨mn¦ wf¨mzdzvzl± Y¥f bzxdn¨nzxYv aY¦fd 
zx ¨mf fx®n¥zxwfx¨Ë ¨mf¥fkz¥f ¨mf ÿÎÿĀ nxbm L¨Ylf 6S z¥ >K>LÝ4* JH. bzx¨z©¥ ¯Y¦ z®f¥vYndÎ 
ÑM¥©¨mÒ nx ®f¥nknbY¨nzx ¯Y¦ df¨f¥wnxfd ¨z af Y¥fY¦ z®f¥ ¯mnbm ¨mf JH. bzx¨z©¥¦ z®f¥vY¢¢fd Yx 
ndfx¨nknfd bzxdn¨nzxYv ¢¥fbn¢n¨Y¨nzx ¨±¢f ¢¥zaYanvn¨± k¥zw ¨mf K!H YxYv±¦n¦Î  3nl©¥f Ć ¦mz¯¦ Yx 
f°Yw¢vf zk ¨mf K!HÙ>K>LÝ4* ¢¥fbn¢n¨Y¨nzx ¨±¢fÙJH. YxYv±¦n¦Î  3z¥ ¦fvfb¨ f°Yw¢vf¦Ë ¨mf Ă uw 
f°¢f¥nwfx¨Yv 5nlmÝKf¦zv©¨nzx KY¢nd Kfk¥f¦m ã5KKKä ¯Y¦ ©¦fd nx ¢vYbf zk ¨mf K!H ¨z df¨f¥wnxf 
¢¥fbn¢n¨Y¨nzx ¨±¢f nx Yx fkkz¥¨ ¨z f®Yv©Y¨f ¨mf TH* Yvlz¥n¨mw ©¦nxl Y mnlmf¥ ¥f¦zv©¨nzx wzdfvÎ  
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Figure 7.  !x f°Yw¢vf zk ¨mf K!HÙ>K>LÝ4* ¢¥fbn¢n¨Y¨nzx ¨±¢f ®f¥nknbY¨nzx ®Yvnd Y¨ þĀX ĀÙÿÙþąÎ 
!¥fY¦ zk av©f nxdnbY¨f ¦xz¯ bzxdn¨nzxYv ¢¥fbn¢n¨Y¨nzx ¨±¢fË ¥fd k¥ff´nxl ¥Ynx bzxdn¨nzxYv 
¢¥fbn¢n¨Y¨nzx ¨±¢fË Yxd ¨mf l¥ffx bzx¨z©¥¦ dfxz¨f ¨mf ýÎýþ nxbm JH. k¥zw >K>LÝ4*Î 
 
L©¥kYbf za¦f¥®Y¨nzx¦ ¯f¥f Yv¦z ©¦fd ¨z ®f¥nk± ¢¥fbn¢n¨Y¨nzx ¨±¢fÎ  =zbYv ¦¨z¥w ¥f¢z¥¨¦ ã=LK¦ä 
n¦¦©fd k¥zw vzbYv T3A¦ ¯f¥f lY¨mf¥fd z®f¥ ¨mf āă mz©¥ ®f¥nknbY¨nzx ¢f¥nzd Yxd dn¦¢vY±fd nx ¦n° 
mz©¥ nxb¥fwfx¨¦ ¨mY¨ wY¨bmfd ¨mf ¢f¥nzd¦ zk ¨mf ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦Î  !x± ¥f¢z¥¨¦ kz¥ 
¦xz¯ z¥ k¥ff´nxl ¥Ynx ¯f¥f ©¦fdË Y¦ ¨mz¦f ¯f¥f ¨mf ¨¯z wYnx ¢¥fbn¢n¨Y¨nzx ¨±¢f¦ ¨mY¨ ¯f¥f 
¦z©lm¨Î  Axf zk ¨mf wYtz¥ n¦¦©f¦ ¯n¨m ©¦nxl =LK¦ kz¥ ¢¥fbn¢n¨Y¨nzx ¨±¢f ®f¥nknbY¨nzx n¦ ¨mf ¨nwnxl 
zk ¨mf ¥f¢z¥¨¦Î  Mmf¥f ¯f¥f wYx± nx¦¨Yxbf¦ nx ¯mnbm =LK¦ ¯f¥f n¦¦©fd kz¥ ¢¥fbn¢n¨Y¨nzx ¨mY¨ 
zbb©¥¥fd kz¥ Y w©bm fY¥vnf¥ ¢f¥nzd ¨mYx ¨mf n¦¦©Yxbf ¨nwfÎ  3z¥ f°Yw¢vfË Y¨ ĀāX ¨mf¥f ¯z©vd af 
=LK¦ kz¥ ¦xz¯kYvv ¨mY¨ zbb©¥¥fd ¨mf ¢¥f®nz©¦ dY± Yxd nx Y¥fY¦ bzxkn¥wfd ¨z mY®f vn¨¨vf ¨z xz 
¢¥fbn¢n¨Y¨nzx d©¥nxl ¨mf kn¥¦¨ ĀāXÝĀćX ¢f¥nzd zk ®f¥nknbY¨nzxÎ  3nl©¥f ć ¦mz¯¦ Yx f°Yw¢vf zk Y 
vY¥lf l¥z©¢ zk =LK¦ nx Y ¥flnzx ¨mY¨ f°¢f¥nfxbfd ¦xz¯ ¨mf ¢¥f®nz©¦ dY±Î  Mmf Y¥fY bn¥bvfd nx ¨mf 
vfk¨ nwYlf zk 3nl©¥f ć ¦¨nvv mY¦ wYx± =LK¦ kz¥ ¨mf ĀāX Ý ĀćX ¢f¥nzd zk āÙāĄÙĀć df¦¢n¨f ¨mfw afnxl 
vzbY¨fd ¦z©¨m zk ¨mf ą mz©¥ ?A5KL*®ā ÿÎÿĀ nxbm ¦xz¯kYvv bzx¨z©¥ ¯mnbm n¦ nxdnbY¨fd Y¦ ¨mf 
¨mnbu av©f vnxf zx ¨mf vfk¨Î  Mmn¦ nxdnbY¨f¦ ¨mY¨ ¨mf =LK¦ Y¥f ¥f¢z¥¨nxl ¨mf ¢¥f®nz©¦ dY±Ð¦ ¦xz¯kYvvË 
¯mnbm n¦ ¦mz¯x zx ¨mf ¥nlm¨ ¦ndf zk ¨mf knl©¥fÎ 
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Figure 8.  .°Yw¢vf ¦mz¯nxl =LK¦ zx ¨mf vfk¨ ®Yvnd k¥zw þÿX Ý þąX ÿÙÿĂÙÿýþą Yxd ?A5KL*®ÿ 
ÿāÝmz©¥ ¦xz¯kYvv ®Yvnd þÿX ÿÙÿāÙÿýþą ¨z þÿX ÿÙÿĂÙÿýþąÎ  Mmf dY¥u av©f vnxf ¦nlxYv¦ ¨mf 
¦z©¨m¯Y¥d f°¨fx¨ zk ¨mf ýÎýþ nxbm ¦xz¯kYvv bzx¨z©¥ d©¥nxl ¨mf ¦n° mz©¥Ë þÿX Ý þąX ÿÙÿĂÙÿýþą 
¢f¥nzd zk nx¨f¥f¦¨Î  Mmf b±Yx bn¥bvf ãvfk¨ä mnlmvnlm¨¦ =LK¦ ¦¨nvv afnxl ¥f¢z¥¨fd kz¥ ¦xz¯kYvv ¨mY¨ kfvv 
¨mf ¢¥f®nz©¦ ÿā mz©¥¦Ë Y¦ mnlmvnlm¨fd a± ¨mf b±Yx bn¥bvf ã¥nlm¨äÎ 
 
>f¨fz¥zvzlnbYv HmfxzwfxY 6dfx¨nknbY¨nzx ?fY¥ ¨mf 4¥z©xd ãwH6?4ä ¥f¢z¥¨¦ kz¥ ¦xz¯Ë l¥Y©¢fvË 
k¥ff´nxl ¥YnxË Yxd k¥ff´nxl d¥n´´vf ¯f¥f bzvvfb¨fd nx ¦n° mz©¥ nx¨f¥®Yv¦ Yxd dn¦¢vY±fd Y¦ Yxz¨mf¥ 
¦z©¥bf zk l¥z©xd ®f¥nknbY¨nzxÎ  ! d¥Y¯aYbu zk wH6?4 ¥f¢z¥¨¦ n¦ ¨mY¨ ¨mf± Y¥f xz¨ ¤©Yvn¨± 
bzx¨¥zvvfdÎ  Mmf¥fkz¥f Y¨ ¨nwf¦ ¦ffwnxlv± f¥¥zxfz©¦ ¥f¢z¥¨¦ ¯z©vd af vzbY¨fd nx Y¥fY¦ kY¥ Y¯Y± 
k¥zw ¨mf Y¥fY zk nx¨f¥f¦¨ ¨mY¨ f°¢f¥nfxbfd ¢¥fbn¢n¨Y¨nzxÎ 
 
3nxYvv±Ë ¥z©lmv± mYvk¯Y± ¨m¥z©lm ¨mf f°¢f¥nwfx¨Ë ¦fvfb¨ Y©¨zwY¨fd ¦©¥kYbf za¦f¥®nxl ¦¨Y¨nzx¦ 
ã!LALä ¨mY¨ nxbv©df k¥ff´nxl ¥Ynx ¦fx¦z¥¦ ¯f¥f Yv¦z nxbv©dfd nx ®f¥nknbY¨nzxÎ  Mmf za¦f¥®Y¨nzx¦ 
¯f¥f bzvvfb¨fd Y¨ ¦n° mz©¥ nx¨f¥®Yv¦Î  )fbY©¦f ¢¥fbn¢n¨Y¨nzx ¨±¢f ¯Y¦ ¨mf wYnx ®f¥nknbY¨nzx 
nx¨f¥f¦¨Ë ¨mf Ywz©x¨ zk k¥ff´nxl ¥Ynx wfY¦©¥fd Y¨ fYbm ¦¨Y¨nzx ¯Y¦ vf¦¦ nw¢z¥¨Yx¨ ¨mYx ¯mf¨mf¥ 
Yx± Ywz©x¨ ¯Y¦ wfY¦©¥fdÎ  Axf ¢¥zavfw ¨mY¨ afbYwf Y¢¢Y¥fx¨ ¯n¨m ¨mf ¦n° mz©¥ !LAL 
k¥ff´nxl ¥Ynx wfY¦©¥fwfx¨¦ ¯Y¦ vz¯ Ywz©x¨¦ ¯f¥f zk¨fx ¥fbz¥dfd nx Y¥fY¦ zk k¥ff´nxl kzlÎ 
Mmf¥fkz¥fË ¯mfx ¢vz¨¨nxl ¨mf ¦¨Y¨nzx¦ ¨mY¨ mYd Yx± xzxÝ´f¥z Ywz©x¨ zk k¥ff´nxl ¥YnxË wYx± 
kYv¦f YvY¥w za¦f¥®Y¨nzx¦ ¯z©vd af ¢vz¨¨fd nx Y¥fY¦ zk k¥ff´nxl kzl ¯mf¥f ¨mf¥f ¯Y¦ xz 
wfY¦©¥Yavf ¢¥fbn¢n¨Y¨nzxÎ 
 
6x Yddn¨nzx ¨z ¦©atfb¨n®f ®f¥nknbY¨nzxË ¨mf >f¨mzd kz¥ Aatfb¨Ý)Y¦fd ,nYlxz¦¨nb .®Yv©Y¨nzx 
ã>A,.ä ¯Y¦ ©¦fd ¨z bzw¢Y¥f ®Y¥nz©¦  ¦xz¯kYvv Ybb©w©vY¨nzx¦ kz¥fbY¦¨¦ Y¨ ¦fvfb¨ ¨m¥f¦mzvd¦ 
k¥zw ¨mf 5KKKU Yxd 5KKK. ¨z ¨mf ?A5KL*®ā āă mz©¥ ¦xz¯kYvv YxYv±¦n¦ ã¦ff !¢¢fxdn° ) kz¥ 
TH* >A,. ¦f¨¨nxl¦äÎ  >A,. z©¨¢©¨¦ ®Y¥nz©¦ ¦¨Y¨n¦¨nb¦ bzw¢Y¥nxl ¨mf kz¥fbY¦¨ zatfb¨¦ ãwzdfv 
¦xz¯kYvv Ybb©w©vY¨nzxä ¨z ¨mf za¦f¥®fd zatfb¨¦ ã?AK5L*®ā ¦xz¯kYvv YxYv±¦n¦ä nxbv©dnxl 
bfx¨¥znd dn¦¨YxbfË YxlvfË Yxd nx¨f¥¦fb¨nzx Y¥fYÎ  6x Yddn¨nzxË >A,. z©¨¢©¨¦ bzx¨nxlfxb± ¨Yavf 
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¦¨Y¨n¦¨nb¦Î Mmf 4nvaf¥¨ Lunvv Lbz¥f ã4LLä Yxd b¥n¨nbYv ¦©bbf¦¦ nxdf° ã*L6äË bzwwzxv± ¥fkf¥¥fd ¨z Y¦ 
.¤©n¨Yavf Mm¥fY¨ Lbz¥f ã.MLä Yxd Mm¥fY¨ Lbz¥f ãMLä ¥f¦¢fb¨n®fv±Ë ¯f¥f Yv¦z bzw¢©¨fd z®f¥ ¨mf 
¯mzvf dzwYnx kz¥ ¨mf ¨¯z wzdfv¦ Yxd kfY¨©¥fd d©¥nxl ¨mf ®f¥nknbY¨nzx ¦f¦¦nzx¦Î 

 
Findings and Research-to-Operations Recommendations 
 
Micro-physical Post Processed Precipitation Type Method 
 
H¥fbn¢n¨Y¨nzx ¨±¢f dY¨Y ©¦fd nx ¨mf f°¢f¥nwfx¨ ¨mY¨ ¯Y¦ df¥n®fd k¥zw wnb¥z¢m±¦nb¦ 
¢Y¥Ywf¨f¥n´Y¨nzx nx ¨mf wzdfv¦ ¯Y¦ bvY¦¦nknfd Y¦ wnb¥zÝ¢m±¦nbYv ¢z¦¨ ¢¥zbf¦¦fd ¢¥fbn¢n¨Y¨nzx 
¨±¢fÎ Mmf¦f wf¨mzdzvzlnf¦ vf®f¥Ylfd fvfwfx¨¦ k¥zw ¨mf ¥f¦¢fb¨n®f wnb¥z¢m±¦nb¦ ¦bmfwf¦Ë Yxd 
¨mf ¤©Yx¨n¨Y¨n®f ¢¥fbn¢n¨Y¨nzx kz¥fbY¦¨¦ ãJH3ä k¥zw ¨mf wzdfv ¨z ¨z f¦¨nwY¨f Yx nx¦¨Yx¨Yxfz©¦ 
bvY¦¦nknbY¨nzx zk ¢¥fbn¢n¨Y¨nzxÎ 
 
12km NAM (NAM12) and NAM CONUS Nest 
 
Mmf ?Y¨nzxYv *fx¨f¥ kz¥ .x®n¥zxwfx¨Yv H¥fdnb¨nzx ã?*.Hä ?z¥¨m !wf¥nbYx >zdfv ã?!>ä ¦©n¨f n¦ 
¥©x ¯n¨m ¨mf 3f¥¥nf¥Ý!vnlz ã3!ä wnb¥z¢m±¦nb¦ ¦bmfwfÎ Mmf 3! ¦bmfwf kfY¨©¥f¦ Y ®Y¥nYavf dfx¦n¨± 
l¥Y©¢fv ¢Y¥Ywf¨f¥Ë Yv¦z uxz¯x Y¦ ¨mf ¥nwf kYb¨z¥Î Mmf ¥nwf kYb¨z¥ n¦ Y ¥Y¨nz zk ¨mf l¥z¯¨m zk 
¦xz¯ a± vn¤©nd Ybb¥f¨nzx ¢v©¦ ®Y¢z¥ df¢z¦n¨nzx dn®ndfd a± ®Y¢z¥ df¢z¦n¨nzxÎ Mm©¦ ¨mf mnlmf¥ ¨mf 
vn¤©nd Ybb¥f¨nzxË ¨mf mnlmf¥ ¨mf ¥f¦©v¨Yx¨ ¥nwf kYb¨z¥Î ! ¥nwf kYb¨z¥ kz¥ ¨mf vz¯f¦¨ ¦nlwY vY±f¥ zk 
¨mf Y¨wz¦¢mf¥f n¦ ¢¥z®ndfd nx ¨mf ¢z¦¨ ¢¥zbf¦¦fd knfvd¦ kz¥ az¨m ¨mf ?!>Āā Yxd ?!> *A?NL 
?f¦¨ ãLff !¢¢fxdn° ! kz¥ wz¥f df¨Ynv¦äÎ 3n®f ±fY¥¦ zk f®Yv©Y¨nxl ¨mf ¥nwf kYb¨z¥ ¢Y¥Ywf¨f¥ nx 
¢¥fbn¢n¨Y¨nzx ¨±¢f ¨¥Yx¦n¨nzx ´zxf¦ mY¦ dfwzx¦¨¥Y¨fd ¨mY¨ ¥nwf kYb¨z¥¦ z®f¥ Āÿ ¨±¢nbYvv± Yvnlx 
¯n¨m nxb¥fY¦fd l¥Y©¢fv nx ¨mf vz¯f¦¨ ¦nlwY vY±f¥ ã5>MÝTH* āÿĀĄäË Yxd ¨mf¥fkz¥f Y mnlmf¥ 
vnufvnmzzd zk ¦vff¨ afnxl ¨mf nx¦¨Yx¨Yxfz©¦ ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥ ¨mY¨ ¨nwfÎ 
 
Mmf k¥Yb¨nzx zk k¥z´fx ¢¥fbn¢n¨Y¨nzx ¢Y¥Ywf¨f¥ n¦ Yv¦z mfY®nv± ©¨nvn´fd nx ¯nx¨f¥ ¯fY¨mf¥ 
kz¥fbY¦¨nxl Yxd ¨mf ndfx¨nknbY¨nzx zk ¢¥fbn¢n¨Y¨nzx ¨±¢fÎ Mmn¦ ¢Y¥Ywf¨f¥ f¦¨nwY¨f¦ ¨mf 
¢f¥bfx¨Ylf zk ¨mf wzdfv JH3 ¨mY¨ ¯nvv af k¥z´fx ©¢zx ¥fYbmnxl ¨mf l¥z©xdÎ N¦nxl ¨mf k¥Yb¨nzx 
zk k¥z´fx ¢¥fbn¢n¨Y¨nzx knfvd ¨z f¦¨nwY¨f  ¢¥fbn¢n¨Y¨nzx ¨±¢f ¯z¥u¦ dn¥fb¨v± ¯n¨m ¨mf JH3 Yxd 
¨mf¥wYv ¢¥zknvfË Yxd Yvvf®nY¨f¦ ¨mf xffd ¨z fw¢n¥nbYvv± f¦¨nwY¨f ¯Y¥w vY±f¥¦ nx ¨mf kz¥fbY¦¨ 
wzdfv ¦z©xdnxl¦Î 
 
,©¥nxl ¨mf f°¢f¥nwfx¨Ë TH* ¨f¦¨fd ¨mf kz¥fbY¦¨nxl zk ¢¥fbn¢n¨Y¨nzx ¨±¢f¦ a± ©¦nxl Yx 
Ydt©¦¨wfx¨ zk ¨mf b©¥¥fx¨ .>* Yvlz¥n¨mw ©¦fd nx ¨mf ?!> ¦©n¨fÎ Mmf ¦¢fbnknb lzYv zk ¨mf TH* 
Ydt©¦¨wfx¨ ¯Y¦ ¨z af¨¨f¥ ndfx¨nk± Y¥fY¦ zk ¦vff¨Î Tndf¦¢¥fYd Yxd nw¢Yb¨k©v ¦vff¨ f®fx¨¦ 
zbb©¥¥fd nx ¨mf wnd !¨vYx¨nb ¥flnzx nx >Y¥bm āÿĀĆ ã?z®YuË āÿĀĆäË Yxd nx ;Yx©Y¥± āÿĀĀ ã5Yw¥nbuË 
āÿĀĀäÎ Mmf ¦vff¨ nx az¨m bY¦f¦ ¯Y¦ xz¨ ¯fvv kz¥fbY¦¨Î Mmf¥fkz¥f ¨mf TH* Yvlz¥n¨mw ¯Y¦ Ydt©¦¨fd 
¨z ¢©¨ Y l¥fY¨f¥ fw¢mY¦n¦ zx ¦vff¨ nx ndfx¨nk±nxl ¢z¨fx¨nYv ¢¥fbn¢n¨Y¨nzx ¨±¢fÎ Mmf Yvlz¥n¨mw 
vzlnb n¦ vn¦¨fd afvz¯Ë Yxd wnb¥z¢m±¦nb¦ ¢Y¥Ywf¨f¥¦ ¯f¥f bmfbufd Y¨ fYbm ¨nwf ¦¨Yw¢Í 
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6k 3¥Yb¨nzx zk 3¥z´fx H¥fbn¢n¨Y¨nzx Ĝ ĆýË HÝ¨±¢f n¦ Lxz¯ 
6k 3¥Yb¨nzx zk 3¥z´fx H¥fbn¢n¨Y¨nzx ěĚ ąĆË Yxd ĜĚ ĂýË HÝ¨±¢f n¦ Lvff¨ 
6k 3¥Yb¨nzx zk 3¥z´fx H¥fbn¢n¨Y¨nzx ěĚ āĆË  
        HÝ¨±¢f n¦ KYnx nk ÿÝwf¨f¥ ¨fw¢f¥Y¨©¥f Ĝ Āÿ3 
        HÝ¨±¢f n¦ 3¥ff´nxl KYnx nk ÿÝwf¨f¥ ¨fw¢f¥Y¨©¥f ěĚ Āÿ3 
 
! knxYv bmfbu ¦¨f¢ ¯Y¦ dzxf ¨z mnlmvnlm¨ ¦vff¨Í 
 
6k Knwf 3Yb¨z¥ n¦ Ĝ ÿýË ¨mfx HÝ¨±¢f n¦ Lvff¨ ¨mf¥fa± z®f¥¯¥n¨nxl Yx± ¢¥f®nz©¦v± Y¦¦nlxfd HÝ¨±¢f 

 
Findings 
Mmf TH* ¢¥fbn¢n¨Y¨nzx ¨±¢f wf¨mzdzvzl± kz¥ ¨mf ?!>Āā Yxd ?!> *A?NL ?f¦¨ ¯Y¦ Y®YnvYavf 
kz¥ ¨mf d©¥Y¨nzx zk ¨mf f°¢f¥nwfx¨Î L©atfb¨n®f f®Yv©Y¨nzx ¦mz¯fd ¨mY¨ ¨mf ndfx¨nknbY¨nzx zk 
Y¥fY¦ zk ¦xz¯ ¯Y¦ lzzd nx wz¦¨ bY¦f¦ ©¦nxl ¨mn¦ wf¨mzdzvzl±Ë mz¯f®f¥ ¥Ynx Yxd k¥ff´nxl ¥Ynx 
¯f¥f ¨zz zk¨fx xz¨ kz¥fbY¦¨Î N¢zx ¥f®nf¯ ¯n¨m .>* df®fvz¢f¥¦Ë n¨ ¯Y¦ df¨f¥wnxfd ¨mY¨ ¨mf 
¦vff¨ z®f¥¯¥n¨f ¦¨f¢ ¥f¦©v¨fd nx z®f¥ kz¥fbY¦¨nxl zk ¦vff¨ Y¦ ¨mf ¢¥fbn¢n¨Y¨nzx ¨±¢f Y¨ ¨mf 
f°¢fx¦f zk ¨mf z¨mf¥ xzxÝ¦xz¯ ¢¥fbn¢n¨Y¨nzx ¨±¢f¦Î >z¥fz®f¥Ë ¨mf ¦vff¨ z®f¥¯¥n¨f ¦¨f¢ ¥f¦©v¨fd 
nx ¦f®f¥Yv wn¦ÝY¦¦nlxwfx¨¦ Yxd wn¦Ý¢vYbfwfx¨¦ zk ¦xz¯Ë k¥ff´nxl ¥YnxË Yxd ¥YnxÎ  4n®fx ¨mf 
kz¥fbY¦¨ nxbzx¦n¦¨fxbnf¦ nx ¨mn¦ knxdnxlË ¢Y¥¨nbn¢Yx¨ ¦bz¥f¦ ¯nvv xz¨ af nxbv©dfd nx ¨mn¦ ¥f¢z¥¨Î  
 
Recommendation 
Mmf ¥fbzwwfxdY¨nzx k¥zw ¨mf TH*Ý5>M ¨fYw ¯Y¦ ¨z ¥f¯z¥u ¨mf ¦vff¨ z®f¥¯¥n¨f bzw¢zxfx¨ 
zk ¨mf Yvlz¥n¨mw ¯mnbm bmfbu¦ ¨mf wnb¥z¢m±¦nb¦ ¢Y¥Ywf¨f¥¦Î Mf¦¨nxl ¯mf¥f ¨mf¦f Yvlz¥n¨mw 
bmYxlf¦ ¯Y¦ df¢vz±fd nx ¥f¨¥z¦¢fb¨n®f bY¦f¦ Yxd ¯nvv af Yddfd ¨z ¨mf ?!>Āā Yxd ?!> *A?NL 
?.LM  kz¥ k©¨©¥f ©¦fÎ N¢zx bzvvYaz¥Y¨nzx ¯n¨m .>*Ë bz¥¥fb¨nzx¦ ¨z ¨mf TH* Yvlz¥n¨mw 
bYvb©vY¨nzx¦ ¯f¥f Y¢¢vnfd Yk¨f¥ ¨mf TT. ¯Y¦ bzw¢vf¨fdÎ  Appendix C mnlmvnlm¨¦ Y ¥f¨¥z¦¢fb¨n®f 
bY¦f f°Yw¢vf nx ¯mnbm ¨mf zvd Yxd xf¯ bYvb©vY¨nzx¦ bYx af bzw¢Y¥fdÎ  
 
FV3 (13km) 
 
! af¨Y ®f¥¦nzx zk ¨mf xf°¨ lfxf¥Y¨nzx lvzaYv ¢¥fdnb¨nzx ¦±¦¨fw ã?44HLäË ¨mf 3nxn¨f Szv©wf 
*©afdÝL¢mf¥f ã3SĂä ¯n¨m Y =Yl¥YxlnYx YdY¢¨n®f ®f¥¨nbYv l¥nd Yxd ĀĂ uw mz¥n´zx¨Yv ¥f¦zv©¨nzx 
¯Y¦ ¢¥z®ndfd a± .>* kz¥ ¨mf ¦fbzxd mYvk zk ¨mf f°¢f¥nwfx¨Î Mmn¦ af¨Y ¥©x kfY¨©¥fd ¨mf 43,= 
wnb¥z¢m±¦nb¦ ¦bmfwf ¯mnbm n¦ b©¥¥fx¨v± ¦bmfd©vfd ¨z af df¢vz±fd ¯n¨m ¨mf kz¥¨mbzwnxl 
z¢f¥Y¨nzxYv ?44HLÝ3SĂÎ ! ¦n°Ýmz©¥ Y®f¥Ylf ¢¥fbn¢n¨Y¨nzx ¨±¢f ¢Y¥Ywf¨f¥ ¯Y¦ wYdf Y®YnvYavfË 
Yxd ¯Y¦ ©¦fk©v ¯mfx Y¦¦nlxnxl Y ąÝmz©¥ ¢¥fbn¢n¨Y¨nzx ¨±¢f d©¥nxl ¨mf f°¢f¥nwfx¨ kz¥fbY¦¨ 
f°f¥bn¦f¦Î  Mmf ¦n°Ýmz©¥ Y®f¥Ylf n¦ df¨f¥wnxfd a± ¨Yvv±nxl Yvv ¢¥fbn¢n¨Y¨nzx ¨±¢f¦ Y¦¦nlxfd nx 
fYbm ¨nwf ¦¨f¢ nx ¨mf wzdfv ¥©x mn¦¨z¥±Ë ¨mfx ¨mf wz¦¨ dzwnxYx¨ n¦ Y¦¦nlxfd Y¦ ¨mf 
df¨f¥wnxn¦¨nb ¢¥fbn¢n¨Y¨nzx ¨±¢f z®f¥ ¨mf ąÝmz©¥ ¢f¥nzdÎ Mmn¦ n¦ ¨mf ¦Ywf wf¨mzdzvzl± Y¢¢vnfd 
¨z ¨mf b©¥¥fx¨ z¢f¥Y¨nzxYv 43L kz¥fbY¦¨ kz¥ ¢¥fbn¢n¨Y¨nzx ¨±¢fË ¯mf¥f ¨mf wz¦¨ mY´Y¥dz©¦ 
¦¢fbnf¦ n¦ Y¦¦nlxfd nk ¨¯z z¥ wz¥f ¨±¢f¦ mY®f f¤©Yv ¯fnlm¨nxlÎ Mmf mY´Y¥d ¢¥fkf¥fxbf n¦ k¥ff´nxl 
¥YnxË ¦xz¯Ë ¦vff¨Ë Yxd ¥YnxÎ  
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Findings  
Mmf 3SĂ dY¨Y ¯Y¦ Y®YnvYavf kz¥ ¨mf f°¢f¥nwfx¨ k¥zw ;Yx©Y¥± ĀĆ ¨m¥z©lm >Y¥bm ĈÎ Mmf 3SĂ 
¢¥fbn¢n¨Y¨nzx ¨±¢f knfvd¦ ¯f¥f nw¢vnbn¨ ¨z ¨mf wzdfv JH3Ë ¨mf¥fkz¥f ¨mf ¢f¥kz¥wYxbf zk ¨mf 
ąÝmz©¥ Y®f¥Ylf ¢¥fbn¢n¨Y¨nzx ¨±¢f ¯Y¦ zk¨fx bz¥¥fvY¨fd ¨z ¨mf ¨nwnxl Yxd ¢vYbfwfx¨ zk ¨mf 3SĂ 
JH3Î  Mmf az° ¢vz¨ ¦mz¯x nx 3nl©¥f Ĉ ¦mz¯¦ ¨mf ¦¢¥fYd zk ¨mf ¦bz¥f¦ af¨¯ffx Y vz¯ zk ā Yxd Y 
mnlm zk ĈÎ  >z¦¨ ¦bz¥f¦ kfvv af¨¯ffx ă Yxd ą z©¨ zk Āÿ Y¦ ¦mz¯x nx 3nl©¥f ĀÿÎ  Mmf Y®f¥Ylf 
¢Y¥¨nbn¢Yx¨ ¦bz¥f zk ¨mf 3SĂ ¢¥fbn¢n¨Y¨nzx ¨±¢f z®f¥ ¨mf f°¢f¥nwfx¨ ¯Y¦ ąÎÿą z©¨ zk ĀÿÎ  
 

 
Figure 9.  )z° ¢vz¨ zk ¨mf ¦©atfb¨n®f ¦bz¥f¦ kz¥ ¨mf 3SĀ ăÝmz©¥v± ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦Î 
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Figure 10. 6xdn®nd©Yv ¦©atfb¨n®f f®Yv©Y¨nzx ¦bz¥f dn¦¨¥na©¨nzx z®f¥ ¨mf bz©¥¦f zk ¨mf fx¨n¥f 
f°¢f¥nwfx¨ kz¥ ¨mf 3SĀ ăÝmz©¥v± ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦Î 
 
HY¥¨nbn¢Yx¨¦ ¯f¥f zk¨fx ¦Y¨n¦knfd ¯n¨m ¨mf ndfx¨nknbY¨nzx zk ¨mf ¢¥fbn¢n¨Y¨nzx ¨±¢f ¨¥Yx¦n¨nzx 
´zxf¦ ndfx¨nknfd a± ¨mf 3SĂÎ  5z¯f®f¥Ë ¨mf¥f ¦¨nvv ¯Y¦ Y ¨fxdfxb± ¨z xz¨ kz¥fbY¦¨ fxz©lm ¦vff¨ 
Yxd k¥ff´nxl ¥Ynx nx ¢¥fbn¢n¨Y¨nzx ¨±¢f ¨¥Yx¦n¨nzx ´zxf¦Î  !¦ ¦mz¯x nx 3nl©¥f ĀĀË ¨nwnxl zk ¨mf 
bzvd Yn¥ ¯Y¦ Y ¦¨¥©llvf Y¨ ¨nwf¦ ¥f¦©v¨nxl nx Y ¦zv©¨nzx ¨mY¨ ¯Y¦ ¨zz ¯Y¥w Yxd ¢¥zd©bnxl ¥Ynx 
¯mfx ¦xz¯ z¥ nbf ¯Y¦ za¦f¥®fdÎ 
 

 
Figure 11Î  ăÝmz©¥ za¦f¥®fd ¦xz¯kYvv ã?A5KL*®ÿä nx ¢nxu Yxd JH. nx l¥ffx dY¦mf¦ zx ¨mf vfk¨Ë 
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ăÝmz©¥ za¦f¥®fd nbf nx l¥ffx ã¥nlm¨äË Yxd ¨mf ăÝmz©¥ 3SĀ ¢¥fbn¢n¨Y¨nzx kz¥fbY¦¨ nx ¨mf bfx¨f¥ Yvv 
®Yvnd k¥zw þą NM* ;Yx©Y¥± ÿĀ ¨z ýý NM* ;Yx©Y¥± ÿāË ÿýþąÎ  Mmf z¥Yxlf bn¥bvf¦ ndfx¨nk± Y¥fY¦ 
¯mf¥f ¦xz¯ ¯Y¦ za¦f¥®fd a©¨ ¥Ynx ¯Y¦ ¢¥fdnb¨fd nx ¨mf 3SĀÎ  Mmf ±fvvz¯ bn¥bvf¦ ndfx¨nk± Y 
¨¥Yx¦n¨nzx ´zxf ¨mY¨ bz¥¥fb¨v± ¢¥fdnb¨fd ¦xz¯Ë k¥ff´nxl ¥YnxË Yxd ¥Ynx aY¦fd zx ¨mf za¦f¥®Y¨nzx¦Î 
 
Recommendation  
.>* nxdnbY¨fd ¨mY¨ ¨mf ¦n°Ýmz©¥ Y®f¥Ylf ¢¥fbn¢n¨Y¨nzx ¨±¢f knfvd ¯nvv xz¨ af Y®YnvYavf Yk¨f¥ ¨mn¦ 
¯nx¨f¥Î Mmf¥fkz¥f z¨mf¥ wf¨mzdzvzlnf¦ ¯nvv xffd ¨z af ¨f¦¨fd nx k©¨©¥f ®f¥¦nzx¦ zk 3SĂÎ 6x 3VĀĈË 
Y dfx¦n¨± l¥Y©¢fv ¢Y¥Ywf¨f¥Ë z¥ z¨mf¥ ¢Y¥Ywf¨f¥ ¦nwnvY¥ ¨z ¨mf 3! ¥nwf kYb¨z¥ knfvdË n¦ ¦bmfd©vfd 
¨z af dfvn®f¥fd nx ¨mf 3SĂÎ 6k ¨mn¦ knfvd afbzwf¦ Y®YnvYavfË Y ¢¥fbn¢n¨Y¨nzx ¨±¢f wf¨mzdzvzl± 
¦nwnvY¥ ¨z ¨mY¨ fw¢vz±fd nx ¨mf ?!> bYx af nw¢vfwfx¨fd Yxd ¨f¦¨fdÎ Mf¦¨nxl ¨mf Y¢¢vnbY¨nzx zk 
¦xz¯Ë nbfË Yxd ¥Ynx wn°nxl ¥Y¨nz¦ kz©xd nx ¨mf mnlm ¥f¦zv©¨nzx ¦¨¥©b¨©¥f zk ¨mf 3SĂ ¨z 
¢¥fbn¢n¨Y¨nzx ¨±¢f ndfx¨nknbY¨nzx ¯nvv Yv¦z af bzxd©b¨fdÎ  
 

Model Explicit Method 
 
Mmf 5KKKU Yxd 5KKK. az¨m ©¦f Y wzdfv f°¢vnbn¨ wnb¥z¢m±¦nb¦ aY¦fd Yvlz¥n¨mw ¨z ¢¥fdnb¨ 
nx¦¨Yx¨Yxfz©¦ ¢¥fbn¢n¨Y¨nzx ¨±¢f ã¦xz¯Ë ¦vff¨Ë ¥Ynx YxdÙz¥ k¥ff´nxl ¥YnxäÎ  N¢ ¨z Ă ¢¥fbn¢n¨Y¨nzx 
¨±¢f¦ wY± af kz¥fbY¦¨ ¦nw©v¨Yxfz©¦v±Ë ¯n¨m ¨mf f°bf¢¨nzx afnxl ¨mY¨ ¨mf Yvlz¥n¨mw ¯nvv bmzz¦f 
af¨¯ffx ¥Ynx AK k¥ff´nxl ¥Ynx Y¦ ¨mf± bYx xz¨ zbb©¥ ¨zlf¨mf¥Î  Mmf Yvlz¥n¨mw ©¦f¦ āÝw 
¨fw¢f¥Y¨©¥fË ĂÝ, m±d¥zwf¨fz¥ wn°nxl ¥Y¨nz¦ Yxd kYvv ¥Y¨f¦ ¨z ¢¥z®ndf Y kn¥¦¨ l©f¦¦ zk 
¢¥fbn¢n¨Y¨nzx ¨±¢f ¥fYbmnxl ¨mf l¥z©xdÎ 
 
HRRRX Precipitation Type Forecasts 
 
Mmf 5KKKU ¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mw ¯Y¦ f®Yv©Y¨fd d©¥nxl ¨mf ¦fbzxd mYvk zk ¨mf 
f°¢f¥nwfx¨Î  3z¥ fYbm ®f¥nknbY¨nzx ¦f¦¦nzx Y bY¦f ¯Y¦ bmz¦fxË ©¦©Yvv± ¨mf ¢¥f®nz©¦ ¯ffuÐ¦ 
kz¥fbY¦¨ z¥ Yxz¨mf¥ f®fx¨ ¨mY¨ mYd zbb©¥¥fdË Yxd ¢Y¥¨nbn¢Yx¨¦ ¯z©vd f®Yv©Y¨f ¨mf ¢¥fbn¢n¨Y¨nzx 
¨±¢f mz©¥v± nx ¦n° mz©¥ avzbu¦ z®f¥ ¨mf bz©¥¦f zk āă mz©¥¦Î  Mz ®f¥nk± ¢¥fbn¢n¨Y¨nzx ¨±¢fË ¨mf K!H 
YxYv±¦n¦ ¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mw Yxd >K>LÝ4* JH. ¯f¥f ©¦fdÎ  !x±¯mf¥f ¨mf >K>LÝ4* 
JH. ÿÎÿĀÒ bzx¨z©¥ z®f¥vY¢¢fd Y ¦¢fbnknb ¢¥fbn¢n¨Y¨nzx ¨±¢fË ¨mfx ¨mY¨ ¯z©vd af bzx¦ndf¥fd Y 
Ñmn¨ÎÒ  HY¥¨nbn¢Yx¨¦ ¥Yxufd fYbm ¦n° mz©¥ kz¥fbY¦¨ avzbu zx Y ¦bYvf zk Ā ã®f¥± ¢zz¥ä ¨z Āÿ ã®f¥± 
lzzdä aY¦fd zx mz¯ ¯fvv ¨mf 5KKKU ¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mw wY¨bmfd ¯n¨m ¨mf ®f¥nknbY¨nzx 
z®f¥ ¨mz¦f ¦n° mz©¥¦Î  
 
3nl©¥f Āā n¦ Y az° ¢vz¨ kz¥ ¨mf ¦©atfb¨n®f f®Yv©Y¨nzx ¦bz¥f¦ kz¥ ¨mf mz©¥v± 5KKKU ¢¥fbn¢n¨Y¨nzx 
¨±¢f kz¥fbY¦¨ z®f¥ Yvv ¨mf nxdn®nd©Yv ¦n° mz©¥ ¢f¥nzd¦ Yxd 3nl©¥f ĀĂ ¦mz¯¦ ¨mf dn¦¨¥na©¨nzx zk Yvv 
¨mf nxdn®nd©Yv ¦bz¥f¦ ln®fx a± ¨mf ¢Y¥¨nbn¢Yx¨¦Î  Mmf Y®f¥Ylf ¦©atfb¨n®f ¦bz¥f kz¥ ¨mf 5KKKU 
¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mw ¢f¥kz¥wYxbf ¯Y¦ ąÎąÿ ¯n¨m Y ¦¨YxdY¥d df®nY¨nzx zk ĀÎĄāÎ 
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Figure 12.  )z° ¢vz¨ zk ¨mf ¦©atfb¨n®f ¦bz¥f¦ kz¥ ¨mf 5KKKU mz©¥v± ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦Î 
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Figure 13Î  6xdn®nd©Yv ¦©atfb¨n®f f®Yv©Y¨nzx ¦bz¥f dn¦¨¥na©¨nzx z®f¥ ¨mf bz©¥¦f zk ¨mf fx¨n¥f 
f°¢f¥nwfx¨ kz¥ ¨mf 5KKKU mz©¥v± ¢¥fbn¢n¨Y¨nzx ¨±¢f kz¥fbY¦¨¦Î 
 
Feedback 
!¦ ¨mf mnlm Y®f¥Ylf ¦bz¥f nxdnbY¨f¦Ë ¢Y¥¨nbn¢Yx¨ kffdaYbu zx ¨mf 5KKKU mz©¥v± ¢¥fbn¢n¨Y¨nzx 
¨±¢f kz¥fbY¦¨¦ ¯Y¦ vY¥lfv± ¢z¦n¨n®fÎ  Axf ¢¥zavfw Y¥fY ¨mY¨ ¯Y¦ xz¨fd a± ¦f®f¥Yv ¢Y¥¨nbn¢Yx¨¦ 
¯Y¦ ¨mY¨ ¨mf 5KKKU ¢¥fbn¢n¨Y¨nzx ¨±¢f ¯Y¦ ¨zz ¯Y¥w Y¨ ¨nwf¦ zx ¨mf fY¦¨f¥x ¦ndf zk ¦¨z¥w 
¦±¦¨fw¦ z¥ nx bzvd Yn¥ dYwwnxl ¦n¨©Y¨nzx¦Î  3nl©¥f Āă ¦mz¯¦ Yx f°Yw¢vf ¯mf¥f ¨mf 5KKKU 
ã¥nlm¨ä mY¦ ¥Ynx Yxd wn°fd ¢¥fbn¢n¨Y¨nzx ¨zz kY¥ ¯f¦¨ ¯mfx bzw¢Y¥fd ¨z ¨mf K!HÙ>K>LÝ4* 
®f¥nknbY¨nzx ãvfk¨äÎ 
 
Recommendation 
TH*Ý5>M ¥fbzwwfxd¦ bzx¨nx©fd ¨f¦¨nxl zk ¨mf 5KKKU ¢¥fbn¢n¨Y¨nzx ¨±¢f Yvlz¥n¨mw ¨z k©¥¨mf¥ 
f®Yv©Y¨f ¯mf¨mf¥ ¨mf¥f n¦ Y ¢¥zavfw zx ¨mf fY¦¨f¥x f°¨fx¨ zk ¦zwf ¦¨z¥w ¦±¦¨fw¦ nx ¯mnbm ¨mf 
¢¥fbn¢n¨Y¨nzx ¨±¢f n¦ ¨zz ¯Y¥w z¥ nk ¨mf ¢¥zavfw¦ bYx af Y¨¨¥na©¨fd ¨z z¨mf¥ n¦¦©f¦ ¦©bm Y¦ 
z®f¥Yvv ¨nwnxl zk ¨mf ¦¨z¥w ¦±¦¨fwÎ  *zvd Yn¥ dYwwnxl ¦n¨©Y¨nzx¦ ¦mz©vd Yv¦z nx®f¦¨nlY¨fd 
k©¥¨mf¥Î 
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Figure 14.  ãMz¢ vfk¨ä K!HÙ>K>LÝ4* ¢¥fbn¢n¨Y¨nzx ¨±¢f ®f¥nknbY¨nzx ®Yvnd Y¨ þąX ÿÙĄÙÿýþą Yxd 
ã¨z¢ ¥nlm¨ä ¨mf 5KKKU Āý mz©¥ kz¥fbY¦¨ kz¥ ¢¥fbn¢n¨Y¨nzx ¨±¢f ®Yvnd Y¨ ¦Ywf ¨nwfÎ  ã)z¨¨zw vfk¨ä 
K!HÙ>K>LÝ4* ¢¥fbn¢n¨Y¨nzx ¨±¢f ®f¥nknbY¨nzx ®Yvnd Y¨ ýýX ÿÙąÙÿýþą Yxd ãaz¨¨zw ¥nlm¨ä ¨mf 
5KKKU Āă mz©¥ kz¥fbY¦¨ kz¥ ¢¥fbn¢n¨Y¨nzx ¨±¢f ®Yvnd Y¨ ¦Ywf ¨nwfÎ  Vfvvz¯ vnxf¦ nx Yvv nwYlf¦ 
nxdnbY¨f ¥z©lm ¨¥Yx¦n¨nzx ´zxf¦ af¨¯ffx ¦xz¯Ùwn°fd ¢¥fbn¢n¨Y¨nzx Yxd ¥Ynx aY¦fd zx ¨mf 
®f¥nknbY¨nzxÎ 
 
HRRRX Snowfall Accumulation Forecasts 
 
6x Yddn¨nzx ¨z f°Ywnxnxl ¢¥fbn¢n¨Y¨nzx ¨±¢f k¥zw ¨mf 5KKKUË ¨mf ®Y¥nYavf dfx¦n¨± ¦xz¯ 
Yvlz¥n¨mw Y¢¢vnfd ¨z ¨mf ¦xz¯kYvv Ybb©w©vY¨nzx kz¥fbY¦¨ ¯Y¦ f®Yv©Y¨fd ¯mnbm bYvb©vY¨f¦ ¦xz¯ 
Yxd l¥Y©¢fv df¢¨m kz¥ f®f¥± wzdfv ¨nwf¦¨f¢ Yxd Ybb©w©vY¨f¦ n¨ nx Yx mz©¥v± a©buf¨Î  
 
3z¥ fYbm ®f¥nknbY¨nzx ¦f¦¦nzxË fn¨mf¥ Y ,Y± Ā z¥ ,Y± ā ¦xz¯kYvv Ybb©w©vY¨nzx kz¥fbY¦¨ kz¥ ¨mf 
5KKKU ãāă mz©¥ z¥ ăć mz©¥ kz¥fbY¦¨ä ¯Y¦ bmz¦fx aY¦fd zx dY¨Y Y®YnvYanvn¨± Yxd ¯mY¨ ¯Y¦ 
df¨f¥wnxfd ¨z af Y wz¥f ©¦fk©v bY¦fÎ  Mmf bY¦f ¯Y¦ ¦mz¯x ¨z ¨mf ¢Y¥¨nbn¢Yx¨¦ Yxd bzw¢Y¥fd 
YlYnx¦¨ ¨mf ?A5KL*®ā āă mz©¥ ¦xz¯kYvv YxYv±¦n¦ kz¥ ®f¥nknbY¨nzxÎ  HY¥¨nbn¢Yx¨¦ ¯z©vd 
¦©atfb¨n®fv± ¥Yxu fYbm kz¥fbY¦¨ zx Y ¦bYvf zk Ā ã®f¥± ¢zz¥ä ¨z Āÿ ã®f¥± lzzdä aY¦fd zx mz¯ ¯fvv 
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¨mf ¢¥zaYanvn¦¨nb ®Yv©f¦ ¥f¢¥f¦fx¨fd ¯mY¨ mY¢¢fxfd Yxd bzwwfx¨ zx ¨mf ©¨nvn¨± zk fYbm 
¢¥zaYanvn¦¨nb ¦bmfwfÎ 
 
Mmf 5KKKU Y®f¥Ylf ¦©atfb¨n®f f®Yv©Y¨nzx ¦bz¥f z®f¥ ¨mf bz©¥¦f zk ¨mf TT. ¯Y¦ ąÎĈāË ¯n¨m Y 
¦¨YxdY¥d df®nY¨nzx zk ĀÎăćÎ  3nl©¥f ĀĄ n¦ Y az° ¢vz¨ kz¥ ¨mf ¦©atfb¨n®f f®Yv©Y¨nzx ¦bz¥f¦ bzvvfb¨fd 
d©¥nxl f°¢f¥nwfx¨ Yxd 3nl©¥f Āą ¦mz¯¦ ¨mf dn¦¨¥na©¨nzx zk ¨mf nxdn®nd©Yv ¦bz¥f¦ ln®fx ¨z ¨mf 
5KKKU a± ¨mf ¢Y¥¨nbn¢Yx¨¦Î  >z¦¨ ¦bz¥f¦ kfvv af¨¯ffx ą Yxd ć z©¨ zk ĀÿÎ 
 

 
Figure 15.  )z° ¢vz¨ zk ¨mf ¦©atfb¨n®f ¦bz¥f¦ kz¥ ¨mf 5KKKU ÿā m¥ ,Y± þÙ,Y± ÿ df¨f¥wnxn¦¨nb 
¦xz¯kYvv ©¦nxl ¨mf ®Y¥nYavf dfx¦n¨± Y¢¢¥zYbmÎ 
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