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Executive Summary

The APEC Climate Center provides various services for the production, processing, and
provision of climate prediction data through individual climate information service which is
tailored to the specific purpose, in order to effectively utilize the technologies and outcomes
accumulated through the R&D project for climate services. However, proper integration and
system of the corresponding information services are required for the development of climate
services to reflect the nees of various users. In other words, a climate service platform
based on cloud technology, which is composed of a seres of services including Multi-Model
Ensemble(MME) prediction, presentation, and processing of the climate model data, should be
established systematically.

The climate service system from developed countries such as the US and Europe has also
provided climate information produced by observation, monitoring, research, modeling, and
forecasting through the Climate Information Service System which is oriented by the provider.
ECMWF C3S(Copernicus Climate Change Service) has recently been establishing the for
providing a platform that can encourage user participation. Therefore, APCC climate
information service system also should be turning into a system that can lead to new service
contents with the participation of users, rather than supplying climate data unilaterally. this
can be realized through the development and utilization of a participatory climate service
platform that induces various climate information providers, modelers, and other climate data
users. In addition, the establishment of an R&D Hub for supporting the climate prediction
system development by utilizing the relevant cloud technology will solidify the cooperation
system of the university, research institute, and government orgarnization. The Hub can be
as being a catalyst to share information for the climate prediction system R&D through model
source code sharing with version control, exchange of opinions via WiKi page, and issue
management by an issue tracking system.

The final goal of this project is to build a climate service platform and primitive unit
services for the gradual integration of APCC climate information services. This year, we built
a climate data service platform and a web service that started to serve deterministic /
probabilistic MME data and clipped CMIP5 data that was processed based on a particular
region boundary. Based on enhancements of the APCC Integrated Modeling Solution (AIMS)
application software for climate data processing and reprocessing including statistical
downscaling, the AIMS User Workshop for climate -characteristic analysis was held to
strengthen user feedback.

In oder to achieve the first detail objective, the establishment of a climate data service
platform, we installed and customized PaaS-TA, one of a platform as a service (PaaS) system
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which can be set under infrastructure as a service (IaaS). And we built a system for sharing
climate data. The sharing system was designed using a one-way server and built on the
separated network (internal and external network) for the purpose of the APCC internal
climate data that can be safely shared externally. In addition, we established an
interconnected authentication system with the APCC integrated authentication system (Single
Sign On, SSO) which is being serviced for the homepage, ADSS, and CLIK. And we
implemented web interface and Open API(Application Programming Interface) for the climate
data service. The climate data web service provides 3/6-month Deterministic Multi Model
Ensemble (DMME), Probabilistic Multi Model Ensemble (PMME) data, individual climate model
data, and CMIP5 data clipped by region. The inter-working between the climate data service
and AIMS was developed and tested to verify that the smooth linkage between the platform
and other services. The second detail objective, the enhancement of the AIMS for climate
data processing and reprocessing, was achieved by adding seasonal prediction downscaling
based on weather generator into statistical downscaling for the climate change scenarios. In
addition, we have improved user interface and R package, and graph readability based on
user feedback.
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Table 1. List of PaaS-TA add-on services installed on climate service platforms
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Table 2. PaaS-TA built-in app templates, app development environments
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Figure 8. The screen that accessed RabbitMQ in PaaS-TA through the
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Figure 10. RabbitMQ : Admin - Users Menu
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Figure 11. RabbitMQ : Admin - Virtual Host Menu
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Figure 12. RabbitMQ : Queues - Add a new queue Menu
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Table 5.

List of Exchange Types supported by RabbitMQ, https://www.rabbitmq.com/

Exchange o
Type
ExchangeOl HtQIY = Queue FOIA OIAIXIS] 2t2& 7|t OEZ/0f U= Queue
2 HAIX|E Mot 2t Queuets Routing KeyOl BindingO| T/0{ A1, Exchange
Direct | Ol Routing Key7t E0{2™, 1 Exchangel Binding=l0f U= QueueZOIA, 1 Key
Exchange | 2t MappingZ|Of U= Queuei HAMXIE 2t2E SCh 111 BAZ Unicast 2410
Motsl, =2 2L 2l Aoz of2| workers(Consumen?t tasks 220 A}
&
Routing KeyOll &2 10| ExchangeOll Binding=|0f & ZE Queuel| HAX[E 2t
Fanout | <E HCE (N ZAZE, 2E Queuel| HAMXIE EXSHM 2t E BHCh) F, HAX|
Exchange | o 2t 7|8 FA|S1 Exchangelf HFRIY E 2E Queued| HAIXIE H™EDICH
TN ZHAZ HAX|E BEREIAE o= 82 ALEEILL
Topic | ExchangeOf HFRIE & Queue SOIAM OIAIX[S] 2t2& 7|7} THEO| St= Queued
Exchange | | 25 OIA|X|E T ESICH Multicast 2410 X BlSHCE
Headers | 2t2 % 7| CHal BAIX] SO o2 £H=52 O £d=0| 1EE= FOl HAIX]
Exchange | & ™E L}
Exchange 9A% Queues} Hl==3F whalo g AJAMo] 7hs3slt). Adwe] Exchanges ww=
So]7}4 Add a new exchange W& A €i3tt}. Add a new exchange ™+oll= olzjel &

&4 o] EAF

Virtual Host
Name : Exchanged] o]|&<&
Type :
Durability : Durable(w A] 2] &

Z StUE A3
Auto-Delete :

. Exchange”} AR8-2 Virtual Host&
Ao

Headers, Topic, Direct, Fanout %
tx3ol A7) Transient(M A A E w22l A4 &

& 33sl= Exchanges

2430,

S-S Ag st

o}

w0 —

AEEA gkom,

3] Exchange:= A5 02 2hA)

Overview

Exchanges
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Pagination
- Fiiter:

vage| 1 v | of 1 Regex (7107

Virtual host

Name Type

(AMQP default) direct

amgq.rabbitma.trace
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amaq.headers
amgq.match

amaq.rabbitma.trace
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DiDoDDio

Cluster: t:h t@localhost (;
Ranbir MQ 3.6.3, Efan

Admin

Figure 13.
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Connection W7ol A+= 3l Connection® AHF AFdHS BEUEH stAU A £85E
ATk ol Figure 1443 Ardke] Connection ®HFE Eoi7bd A A7 FHo
Connection®] A4St ARE &g 4 gom, HQ o] o= Connectione] A £83

7o) 7hestt

Cluster: rabbit@localh )
RabbitMQ 3.6.3, Erland 181

Connection 10.200.8.87:53342 -> 10.200.8.88:5672 in virtual host b2d6c44b-3c4f-4adb-
a075-cb85a2c3366a

Channel User name Mode [7) State Unconfirmed  Prefetch Unacked
10.200.8.87:53342 (1) openapi idle 0

Client properties

Runtime Metrics (Advanced)

Close this connection

Figure 14. RabbitMQ : Connections Menu
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Figure 15. DBMS - MySQL System Configuration Diagram within Climate Service
Platform PaaS-TA, http://paas-ta.kr
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Figure 16. List of installed MongoDB VMs within the climate service platform
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Figure 17. Diagram of the DBMS - MongoDB System in the Climate Service Platform
PaaS-TA, http://paas-ta.kr
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Figure 19. DBMS - Redis System Configuration Diagram within Climate Service Platform
PaaS-TA, http://paas-ta.kr
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Table 6. cf service-brokers command queries the list of service brokers

joohyung@ubuntu:~/workspace$ cf service-brokers
Getting service brokers as admin...

name url
container-service-broker http://10.200.8.7:8888
delivery-pipeline http://10.200.8.124:8080
glusterfs-service http://10.200.8.142:8080

joohyung@ubuntu:~/workspace$

@A CF el

=3 Service Broker7} glo =2 MongoDB A v~ H2AE FE3l3 &
S5 AH2 HEFA ¢

=

o

= = -
= —11_§_".'q

Table 7. cf create-service brokers and query with the create-service-brokers command

joohyung@ubuntu:~/workspace$ cf create-service-broker mongodb-shard-service-broker [ID]
[PASSWD] http://10.200.8.114:8080

Creating service broker mongodb-shard-service-broker as admin...

OK

joohyung@ubuntu:~/workspace$ cf service-brokers

Getting service brokers as admin...

name url
container-service-broker http://10.200.8.7:8888
delivery-pipeline http://10.200.8.124:8080
glusterfs-service http://10.200.8.142:8080
mongodb-shard-service-broker  http://10.200.8.114:8080
rabbitmg-service-broker http://10.200.8.86:4567

joohyung@ubuntu:~/workspace$

o] HIT & ofZgAolAolY AFEAZT dlE AHl2x HE2AM HT 73RS A
2~ accessE enableA 713 ©hA] dF W cf service-access WEH S E3) A AI}S Q)
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Table 8. cf enable-service-access Mongo-DB command after cf service-access

joohyung@ubuntu:~/workspace$ cf enable-service-access Mongo-DB
Enabling access to all plans of service Mongo-DB for all orgs as admin...
OK

joohyung@ubuntu:~/workspace$ cf service-access
Getting service access as admin...

broker: container-service-broker

service plan access  orgs
container-service  Advanced all
container-service  Micro all
container-service  Small all

broker: delivery-pipeline
service plan access  orgs
delivery-pipeline-v2  delivery-pipeline-dedicated all
delivery-pipeline-v2  delivery-pipeline-shared all

broker: glusterfs-service
service plan access  orgs
glusterfs  glusterfs-1000Mb  all
glusterfs  glusterfs-100Mb all
glusterfs  glusterfs-5Mb all

broker: mongodb-shard-service-broker
service plan access  orgs
Mongo-DB  default-plan  all

broker: rabbitmq-service-broker
service plan access  orgs

p-rabbitmg  standard all

joohyung@ubuntu:~/workspace$

9] Table 83} #o] AHAx o= Mongo-DB A H]~7} Access Enable®E #4& 0
4= At} o]A Mongo-DBell H<43 4= Ql& Sample Applications &3l th2 o Zg|A o)A
ol A a3 Mongo-DB AMH| 22 H&eual o)

Sample Web Appe PaaS-TA ¥2] GitHubollA T2 W& 4 e ofZgAojHdo=w
PaaS-TAd| oj&Acld(HH W) 2 HlxHY. ofFgAoldE wlEste] F5A Bind®

MongoDB AlHl2 A2 AHRZE H&Este z7] dHolHE A, Wiz g8 & AYHo=
Appel FEHE B AE Tt i o F Aol del &3] MongoDB #7 B (48] 2~
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Figure 20. The screen of mongodb-test service created through the CF command.
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Figure 21. The screen of Hello-spring-mongodb Application Deployment
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Figure 22. cf bind-service and application restart
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Figure 23. MongoDB load data that can be found in deployed applications
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Figure 45. Source Control Management — Updated Repository Content - Source Code
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3. A 9 AP JZAA 7
(1) APCC E%2l=(Single Sign On, SSO) A% Q= AA +=

P AN2"E A8

APCC F&<1ZAASingle Sign On, SSO)&= 3huhe] AM8#+ IDE o] &3t APCCe 7%
ARMH 20 23918 4 9= AxdHo|th A APCC SSO= ¢ AH] 2o hdl ¢1ZS ¢
3 JidE Alzglo® §) HepeA o tE §) ARy $8 ZRIOFgAE AHH R
g83te] QT AMHlAE e £ Qe AV Atk FAE 7H Z) T ol AMHl2E A YUs)
7] YA E g EAES sAasy] g weto] BasiH, o]F 93] SSO AFS A=
AZ ZAH ol ko] Has)

GIPEC REE St

Table 9olA FHF 7I¥E 7] FH oy AMH=E AYstr] g
=0 3 QFAES AHASAT Y QA S

o= o] FolA o, 7 FYE 7Hvte® SSO AFUS LAl
= 3o

Table 9. Requirements for SSO authentication
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o] g3sto ¢z 3)
RQ_PF_SSO_003 | gt /\}*‘lx} OPOlE], WA e, AR} Key% Aol A&z} ol=S 23
El3=3
SSO 5 1% ZE°]HY+= APCC SSO< ‘?}iﬁ‘r gﬁ o] &3t 453}
RQ_PF_SSO_004 | & AR&=} ofolt], 29 =d ¥ o} f iy
e 715 S ATt
A&-2F API Keyw f&717HeE ARt
15 B7bsaloF stal, keys AT F AESE A= .
A 1= A AgEeE A AR E APCC SS09 ¢+53 mES
g3t s s}stofof gt

AE2E ofolt/Ej =9 H KeyE o] &3 A5 AxE API A2l 23
RQ_PF_SSO_007 | 2=, M&Ax WAXA, AF Ay 2=, S5 A WAA, AMEA R

59 =)ok Ak,

RQ_PF_S50_005

RQ_PF_S550_006

RQ_PF_SSO_008 | API Key g A% Ay APl Hejdy 1=, Agdd WAA, dF 2

_37_



RQ_PF_SS0O_009

RQ_PF_SS0_010

et

=
Ax Aol A AZe= API= A AH PA A4S ALl 23
RQ_PF_SSO_011 E}" lepd el Agst 17 |4 238 A$-olnt 53

(D L7 24

SSO ddZol= A ~Hl

olt}. o] AH&AVE /IS AHIAE ARRSEE Vs ﬁ—?/\}?‘%% :‘Jr;}“ﬂ F1gure 47JJr z+},

APl Key 21 £

ol & ALE X

EE M|~ Application

Figure 47. Usecase Diagram of SSO authentication
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(@) AFA 2" HA
O Auiz=Me

Table 10. Specification of authentication service for Single Sign On

AE Q1= AH] A~
M2 WO AT AT A
Myl AR Authentication Service for Single Sign On

AR 2 2]

APCC SSO(Single Sign On) A2k A1 912, API Key

Aul 2 AF/ATF [0] A#H]l2 Key [O] Basic (ID/PW)

] 9+

[
A& Beb | wAR] #E g5t ([ ] AAAE [0] Gt [ ]8l=

As I8 4353 | [O]JSSL [ ] Rl

~ [ ] SOAP [O] REST(GET, POST)
Qe # o] 2
qg 7% L)
_ [ 1 XML [O] JSON [ 1 MIME
W3 HolE
[ ] MTOM
ID/Password %1% https://sso.apcc21.org/ssoagent/auth
Aul~ URL |Key Q1% https://sso.apcc2].org/ssoagent/key
Key @&+ https://sso.apcc2].org/ssoagent/newkey
HIZ AR 1.0
Aok A}aH APCC WH- A9 A& 7}
@ APl BE

ID/Password {15 - Request A

URL: https://sso.apcc2l.org/ssoagent/auth, POST

Table 11. Specification of SSO authentication request using ID, password

ost

41
Al

= AZ dolg FEE

(e
-

encstring N/A

AES 256 ¢53t & AF

[AF8-=} ID]§ § [Password]§ §[1Z=8 3 A7t seconds]

ID/Password ¢1% - Response ™Al

- ©°
u

o\

%

o

Table 12. Specification of SSO authentication: Success response

gy | B AE dog =
status 4 | 200 HTTP Response Z=(2.2.1.2.3 %%)
message I | success HTTP Response ] A]X]
data g5 A AR
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https://sso.apcc21.org/ssoagent/auth
https://sso.apcc21.org/ssoagent/auth
https://sso.apcc21.org/ssoagent/key
https://sso.apcc21.org/ssoagent/newkey

sso_id g AHE-2F ID(AES256 F%.3})
sso_fname g4 AF&2}F ©] B(AES256 ¢t 3h)
sso_lname g AF8-2} A(AES256 & 3H)
sso_email g4 AREA} oW Y FA(AES256 o33}
sso_api_key | 41 AH8-2F API Key(AES256 ¢33}
expired <41 | 1605336640000 APl Key F&7I%F S8A17Z

ID/Password Q1% - 15 A
Table 13. Specification of SSO authentication: Failure response
F53 FE AE volH FEAH
status | 401 HTTP Response #=(2.2.1.2.3 & x)
message ¥4 | unauthorized HTTP Response W A]A|
data g5 A BHE
Cannot find your key or
info &4 SRS I 20 IS I I
your key is invalid.

ID/Password 1% - HTTP Response Z &

Table 14. Specification of SSO authentication: HTTP response code

HTTP Response ZE HTTP Response ™ A|A] Ad
200 success 4
400 bad request Request Aol 5 &&=

parameter Y=

401 unauthorized A2 /1S A
403 forbidden Ad) e A AT Sl
404 not found 243 Mu2E S F gl
405 method not allowed Al-&sl* %+ HTTP Method
500 internal server error A28 R o F Ay

ID/Password 15 - & <A

Table 15. Sample of response of SSO authentication service

3

oHd

“status”:200,
“message”: “success”,
“data”™:

{

“sso_id": “xOhMIt8Nht5v6uSyjbsNSA%3D%3D ",
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“sso_fname”: "No8KEtkXGbCRsSWdcSTThg%3D%3D",
“sso_Iname”: “czo3PEGhZK6nNIKQIuVL7A%3D%3D ",
“sso_email“: “VRFNsSAYIEXIIwS0J1%2FuPr12jo%2BEWsY T3LgqmHpo75HMs%3D*

A

“status“:401,
“message”: “unauthorized”,
“data™
{
“info™:“Can not find your ID or your password is invalid.”

Key Q1% - Request HA|

URL: https://sso.apcc2]l.org/ssoagent/key, POST

Table 16. Specification of SSO authentication request using API key

&= T AE HolH F=4d4

e

[API Keyl§ § [523 A3t seconds]

encstrin e N/A )
g ™ AES 256 9t53} & A4

Key 215 - Response Al
[D/Password 153} L3+

Key 1% - &% <A

Table 17. Sample of response of SSO authentication service

3

ol

“status“:200,
6‘message “ : “
“data“:

{

success”,

“sso_id"“: “xOhMIt8Nht5v6uSyjbsNSA%3D%3D ",

“sso_fname”: “No8kEtkXGbCRsSWdcSTThg%3D%3D",

“sso_lname*”: “czo3PEGhZK6nNIKQIuVL7A%3D%3D“,

“sso_email“: “VRFNsSAYIEXIIwS0J1%2FuPr12jo%2BEWsY T3LgqmHpo75HMs%3D ",
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“sso_api_key“: “kzaaGuRbRVR Xfe4DY%2BGtJ8Q0%2ByUqoeaUV4EN07QIFzidboEbUJJdq
oPRqvf9US%2BL",
“expired”:1605336640000

Ay

“status“:401,
6‘message “ : “
“data“:

{

unauthorized®,

“info“:"Can not find your key is invalid.”

Key 83 - Request HA|

URL: https://sso.apcc2]l.org/ssoagent/newkey, POST

Table 18. Specification of request to get API key

FEH | TR | AE dHolH 549

iz

. - [A}84} ID]§ §[Password] § § 15874 A7t seconds]
encstring | 2 N/A .
AES 256 4353 & Af

Key &% - Response Al
ID/Password Q153 &L

Key 834 - 3% 9A
Table 19. Sample of response to get API key

3

ol

“status“:200,
“message”: “success”,
“data”:
{
“sso_id": “xOhMIt8Nht5v6uSyjbsNSA%3D%3D ",
“sso_fname”: “No8KkEtkXGbCRsSWdcSTThg%3D%3D",
“sso_Iname”: “czo3PEGhZK6nNIKQIuVL7A%3D%3D*,
“sso_email“: “VRFNsSAYIEXIIwS0J1%2FuPr12jo%2BEWsYT3LgqmHpo75HMs%3D*
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“sso_api_key": “kzaaGuRbRVRXfe4DY%2BGtJ8Q0%2ByUqoealUV4EN07QIFzidboEbUJJdq
gPRQVFIUS%2BL",
“expired”:1605336640000

A 5
{
“status“:401,
“message”: “unauthorized”,
“data™
{
“info™:“Can not find your ID or your password is invalid.”

() 3N S&==2aH" A H]=(Open APD 5 AA +=

P N2"E A8

Y AZ7BE e HolE Ei AL
A7bE AEAANAT AT Fold. wat
7] galAE AR AE B AA

APCColA AFst = ME 2d 7|ZAs=
Z71E& 7M1 o, dHEste AFEERAS TSt
A g Azl gk AH]2~E Open APIE &3l Al¥
oF 3o},

@b A2" 2TA

Open APl A-87 Q1ZAAe 27AdE gejsin ; gastgnh AY aTAee
WEZ 7k 7132 ) AH]| 2o A ALz 3 Q97HY %1, API 71 &4, APl 7] o=
A % Aol A HAE TP

oft

Table 20. Requirements of Open API authentication

STA D STAE A9
RQ_PF_API_001 | OpenAPI Portale 397l 715& A&ttt
RQ_PF_API_002 | OpenAPI Portale- Ab-&2} 271¢1 @ & 70}% 7% S A F3ho)
RQ_PF_API 003 | OpenAPI Portale Al-4# AR A 7]1%< A Zd).
RQ_PF_API_004 | OpenAPI Portal-& API Key ZF/AdF 7152 A 33ch
OpenAPI Portal-& APl Key T3/ 84 Al HFS 93
AMEARRE Y EF AYE wrolol g
OpenAPI Portal> APCC SSO & <15 ZH oUW E T3l API Key
D/ AEE 75 AFsioF g
RQ_PF_API_007 | OpenAPI Portal2 371, 2 AA/Z 0}, ALEA RFAH S 951y

==

RQ_PF_API_005

RQ_PF_API_006
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APCC SSO¢} 4153ttt

RQ_PF_API_008

OpenAPI Portal e 31 AHRE A%, #AsA &&=

RQ_PF_API_009

OpenAPI Portal& 3|7}, 27121, 20k, AFEA AR 4 7]%5S
A&3t7] Y&l APCC SSOE A FafoF 3}

AH8-2F 15 Open APIi= API KeyE o] &% v 27291 ¥F2]9] AFEX
RQ_PF_API_010 e pen yE o8¢ Hl gl A8

A5 7les ATg.

AF&2} 1% Open API= POST, GET method 34 R%E A Zsfo
RQ_PF_API_011 i; Fd< Op FE A&l oF

RQ_PF_API 012

Ofr

AHEAL Q1% Open APIE AHg2F ARl #dd 948 AeEshy] 28l
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Figure 51. Usecase diagram of Open API authentication
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Figure 52. Activity diagram of member registration
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Figure 54. Activity diagram of log out
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Figure 57. Analysis and design of authentication
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o] A E(Ho]E AMul~ E¥, APCC Open APl S5)ol| A vk A}ﬁo] 758 ALeA 9
gk API key, ID/Password 2 15 A3 & dAIste= ABRE BF AES256 ¢5s 7[HE& ol &
st d5st Hoh API A3 913 key= UUD 5 4] E}EE}. =< 93 Open APIE= €
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Table 21. Specification of authentication service for Open API

A H] A1 APCC A8 “’J%‘— Open API A H] 2
MHl 2~ AR APCC Authentication Open API Service
AE A M Open APl A3 93 A&x A= 53, A&
Key &g
A= 1F/A% | [0] AH2 Key [0] Basic (ID/PW) BEE
AH| A Bot “ﬂ/\]X] gd [ ] A ] s 0] g2
*2 3}
A% @4 453 [[0]SSL [ ] §ls
o1 E] 7 o] 2 [ ] SOAP [O] REST(GET, POST)
e 7& [ 17]Ek
28 dog [ 1 XML [0] JSON [ ] MIME
[ 1 MTOM
A Bl URL | ID/Password 91 | auth.apcc2l.org/auth
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Key Q1= auth.apcc21.org/key
Key &3 auth.apcc2l.org/newkey
i AR 1.0
Ak AFRF
@ APl &%
ID/Password <13 - Request 3 A

URL: auth.apcc2l.org/auth, POST

Table 22. Specification of authentication request using ID, password

g5 T2 AE ol $24%
userid g4 AFE-2} ofolt]
password Rz Re A8z # A9 =

ID/Password €13 - Response BA| (AF4F)

Table 23. Specification of Open API authentication: Success response

5 T AME HolE e
status 4 1200 HTTP Response #=(2.2.1.2.3 %)
message 4= | success HTTP Response W] A] %]
data g Al A
sso_id o AF&-2F 1D
sso_fname A ALE2) o] =
sso_lname I AFEAF A
sso_email o4 AFgA} ol F A
sso_api_key | 41 AHE-2F API Key
2020-10-13T05:53:35.000+
expired A API Key 2717t 2847
0000
ID/Password €15 - Response HA (2134 3)
Table 24. Specification of Open API authentication: Failure response
P& T AE dlo]E P
status I | 401 HTTP Response Z=(2.2.1.2.3 #=)
message g <4 | unauthorized HTTP Response #A]A|
data g A R
info &4 | Cannot find your key or | %Al Qb HH
4) U]~ Bete |RAOoZ Ao ko] HTTPSO] TLSE ol &sts 1S 7PYsti tlAlA] 28 st chat
2 Beog AMstloy, sig F2ol tigh A|do] oF & Fe= AAAQ HAIA] HEo] deets AUT
2KIES
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[ your key is invalid.

ID/Password Q1% - HTTP Response Z &=

Table 25. Specification of Open API authentication: HTTP response code

HTTP Response Z= HTTP Response | A] X A
200 success a4
400 bad request Request mAldl =z &&=
parameter =
401 unauthorized AR 1F A
403 forbidden Adl e A AU Sl
404 not found SA% MHI2E S F gle
405 method not allowed A -&3tA] &+ HTTP Method
500 internal server error Al2" Y7 o F day

ID/Password 915 - &5 <A

Table 26. Sample of response: Open API authentication using ID, password

€

ol

“status”“:200,
“message”: “success”,
“data”:
{
“sso_id“: “userid®,
“sso_fname*: “First name*,
“sso_Iname“: “Last name®,
“sso_email“: “userid@domain
“sso_api_key"“: “userkey”,
“expired”: “2020-10-13T05:53:35.000+0000”

A}

“status“:401,

“message”: “unauthorized”,
“data”:

{

“info”:*Can not find your ID or your password is invalid.”
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Key 1% - Request A

URL: auth.apcc?l.org /key, POST

Table 27. Specification of authentication request using API key

FE1 AZ dolH FEAH

e |

- |de

key AREA Al EFE APL Key

Key 21% - Response ™A
ID/Password €153 L3+

Key 1% - & 4A
Table 28. Sample of response: Open API authentication using API key

3

ol

“status™:200,
“message”: “success”,
“data™

{

“ e

“sso_id“: “userid”,
“sso_fname*: “First name*,
“sso_lname*: “Last name*,
“sso_email“: “userid@domain”
“sso_api_key“: “userkey*,

“expired”:“2020-10-13T05:53:35.000+0000 "

Ay

“status“:401,
“ mess age “ : “
“data“:

{

unauthorized®,

“info”:*Can not find your key.”
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Key 83 - Request HA|

URL: auth.apcc2l.org/newkey, POST

ID/Password Q153 35t
Key &3 - Response Al

[D/Password Q1= FL3t

3) 7I1FA 5 AN 9 o2& APL A
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to S
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AR A AQE AT AFAR A4
g BAol tste] 7] &R,

Table 29. Requirements of Open API for data service
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I

RQ_PF_API_014

71&d ol Aul2 X"o] Q3= 7|52 Java library 2 Open API
FH=E W= AFshoF 3ok

RQ_PF_API 015
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Figure 58. Usecase diagram of Open API for data service
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Figure 60. Activity diagram of request queue management
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Figure 61. Activity diagram of data package for download
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Figure 61ollA Yehd 244 A2 eEEE 93 59 H7AL k=S &
g 7s STAReR AEHo slen, 5 FF ThestEE it

(@D Holg 83 % 2= AHlE 74

@D Client API A#

AgA= ) BEl9AE o] &3l APCC Climate Data Service(ACDS)oll A48t =&
2 gez2rd £ AdAT 2 FH Open APIE o] &3l A5E g2E e 3 454 7%

A5E AT 5 o AEAZE GA 7ISAEE 8 AHE 5 JEE Fo|H, AuE dojE
o] €3} Client API gto)B.&g]S A|Z}slg . Table 309 Client API] A& oA S Ve ST

25 AgAe) 27AR get 371 o) ol s ATY 4 AUk
Table 30. Sample of using client API

#!/usr/bin/env python
import apccapi

¢ = apccapi.Client()

c.retrieve( {
‘datatype”: 'MME’,
‘dataset’: 'MME_3MONTH’,
‘type”: 'FORECAST’,
‘method’: ['SCM’],
‘variable”: ['prec’, 't2m’],
"period”: ['Monthly mean’],
"yearmonth’: ['201909’]
},
‘mme.zip’)

uto] 2 APl A3 oA

package my.package;

import org.apcc.api.client. APIClient;

import org.apcc.api.jobdetails.Dataset;

import org.apcc.api.jobdetails.JobDetailsCMIP5;
Au} API A3 oA | import org.apcc.api.jobdetails.JobDetailsMME;

import org.apcc.api.jobdetails.JobDetailsModel;

public class ClientTest
{
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public static void main(String[] args)
{
try
{
APIClient client = new APIClient();

JobDetailsModel model = new JobDetailsModel();
model.setDataset(Dataset. DATASET_MME_3MON.datasetName);
model.setType(“FORECAST®);
model.addModel(“APCC*®);
model.addYearmonth(*“201908);
model.addYearmonth(“201909%);
model.addVariable(“prec”);
model.addVariable(“t2m®);
client.run(model, “test.zip“);

}

catch(Exception ex)

{
ex.printStackTrace(;

@ dolH 83 ¥ GeEC Aulz 74

(@) Response

Client
App

| Download

AN Download N
i Open APl | @ Processor

Figure 62. Architecture of data download service

71FAE GLEE 8o BRE R A7t Aulx FA-L Figure 627 2
t}. Client App Client APl 52 Open APIE A H A&3ste] & o]&3te] ¢ HZ9-A o] &
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o] A8E 2= ol AHgT 4 Atk Request Open API, Job Processor, Download
Open API= AR o] -8 Aol whe} scaling st H<E A&l wz} i = U

(mh Holg 83 R 2= AH|E A

®© Aulx As
Table 31. Specification of Open API for data download service
g geEc AlH| 2=
g APCC A& t+Z = Open API A{H] .
Al s AR APCC Data Download Open API Service
A2 A A= f‘?ﬂ“é, A5 8F AH %3], A8 OEEE 7|
5 T
AHl2 AF/AF | [0] A¥l= Key [ ] Basic (ID/PW) [ 18l
HAIR]
AHl2 Bt 1] ]_1@ I P 7 S B I g [O] §l+=
¢Z 3}
A4 848 4538 [[OlSSL [ ] 8l
S1E] 7 o] 2 [ ] SOAP [O] REST(GET, POST)
N [ 171E
Ag &
[ ] XML [O] JSON [ 1] MIME
2% HolH
[ ] MTOM
A5 8% request.apcc21.org/apccdata
A H] 2 URL 84 NeH=x3 request.apcc2l.org/status
AE 2= 10.200.8.207:8080/download>
H|Z ZH 0.5
AloF AR
@ APl &
- MME A& 8%

URL: request.apcc2l.org/apccdata, POST

Table 32. Specification of MME download request

FE T | AE Holg FELY
key g AL key
details g A AR
datatype 4 | MME A5 FFMME, MODEL, CMIP5)
dataset I | MME_3MONTH | Dataset &F(MME_3MONTH, MME_6MONTH)
type I | FORECAST FORECAST, HINDCAST
5) 2% W7 oy
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method g4 | SCM MME ~71"H (17) o], GAUS, SCM)
838k A4 WA o)A, olr, prec, slp, sst,
variable 4 | prec t2m, t850, ts, u200, u850, u925, v200, v850,
v925, z500)
period I | Monthly mean | Monthly mean, Seasonal mean(17} ©]/)
yearmonth | &4 | 201910 f4sk= 9L o1’

Table 33. Sample of MME download request

MME 25 873 <A

'key’: 'a8029dd-7318-5bf5-9e04-420bc18b7b8’,
‘details’™:
{

‘datatype”: 'MME’,

"dataset’: 'MME_3MONTH’,

‘type”: 'FORECAST’,

‘method’: ['SCM’],

'variable’: ['prec’, 't2m’],

‘period”: ['Monthly mean’],

'yearmonth’: ['201909’]

- Model A5 8.3

URL: request.apcc2l.org/apccdata, POST

Table 34. Specification of Model download request

53 T& | AME dHolH FEA
key g AL key
details g5 A AR
datatype I+ | MME A5 ZFFMME, MODEL, CMIP5)
B Dataset ZF(MODEL_3MONTH,
dataset <4 | MME_3MONTH
MODEL_6MONTH)
type I<4 | FORECAST FORECAST, HINDCAST
hindcast_year | @4 | 2019 Hindcast A& A L=}
2d = (17} <], APCC, BCCV2, CMCC,
model I | APCC CWB, CWB_GFST119, GLOSEA5, HMC, MGO,
MSC, MSC_CANSIPSV2, NASA, NCEP, PNU,
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POAMA, UKMO)

v850, v925, z500)

Q3= HE "Wl o4, olr, prec, slp,
variable 4 | prec sst, t2m, t850, ts, u200, u850, u925, v200,

yearmonth &4 | 201910 LAt 94 o)

Table 35. Sample of Model download request

MODEL A& 8% <A

'key’: 'a8029dd-7318-5bf5-9e04-420bc1f8b7b8’,
‘details’™:
{

"datatype’: '"MODEL’,

‘dataset’: 'MODEL_3MONTH’,

‘type”: 'FORECAST’,

'model’: ['"APCC’],

'variable”: ['prec’, 't2m’],

"yearmonth’: ['201909’]

- Clipped CMIP5 A5 83

URL: request.apcc2l.org/apccdata, POST

Table 36. Specification of clipped CMIP5 download request

FE3 T AME dolE PEAY
key g AH&-A}F key
details g A AR
datatype 44 | CMIPS A5 FF(CMIP5)
dataset I | CMIP5 Dataset <F(CMIP5)
code g4 | AD o7 9 A9 Z=CEH )

Table 37. Sample of Clipped download request

Clipped CMIP5 A8 83 <A

'key’: "a8029dd-7318-5bf5-9e04-42s0bc18b7b8’,
"details’:
{

‘datatype’: 'CMIP5’,
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"dataset’: 'CMIP5S’,
‘code” KR’

(h A& 83 FH 23] HA

URL: request.apcc2l.org/status/[JobID], GET

Table 38. Specification of getting request status

o
i
{1
of.

F=3 TE AE TlolH

JobID I | 5dd23f8bb5e281000£0926b0 | &7 D

(AD A& G2 8% WA

URL: 10.200.8.207:8080/download/[JobID], GET

Table 39. Specification of data download

g59 | 78 AE wolH $547
JobID I | 5dd23f8bb5e281000f0926b0 | &% ID

(oh A= 84 9 A x3] Response HA

- AR8Y 4T

Table 40. Specification of data request: Success response

FE T ME HolE FE4H
HTTP Response F=(2.24.3 %+
status g4 | 202
%)
message I | accepted HTTP Response W A] %]
data I FA AR
id IS | 5dd2401bb5e281000£0926b1 Job ID
Jobe * 4Bl (Queued,
status 4 | Queued /], jﬁl IHQ
Running, Failed, Complete)
userid g 243 A& D
download_url | &4 A5 2= url
inputed I g Q2 AZ+
A5 24 Job Al e WA A
modified °ox } % q2] e W78 Al
7+
ended A A8 84 Ay g5 A%
message <4 | 2020-10-13T05:53:35.000+000 | AF& A& wpx]9} =27
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- A58% Ay
Table 41. Specification of data request: Failure response
F53 FE AE HolH F=d7
status I | 401 HTTP Response #=(2.2.4.3 %)
message 4= | unauthorized HTTP Response ™| A] %]
data d
Cannot find your key or
info EPY R R 7 R (D
your key is invalid.

- HTTP Response Z&=

Table 42. Specification of data request: HTTP response code

HTTP Response ZLE HTTP Response | A]A] A

200 success A&

202 accepted AreHd Y &=
Request ™ Aol 21528 %=

400 bad request d G ] ®
parameter ¥

401 unauthorized AREA Q1S A9

403 forbidden Au] 2o HZE A7 9l

404 not found 843 AH2E S F g

405 method not allowed Al-&sl* 2%+ HTTP Method
AR FA U™ 8 e =

429 too many requests 5

500 internal server error A 2E Y] o7 da)

- S 9dA

Table 43. Sample of data request response

A4F
{
'status”: 200,
'message’: 'success’,
data’:

{
id: ’5dd2401bb5e281000£0926b1",
status’: 'Complete’,
"userid’: ’userid’,
"download_url’: "http://10.200.8.207:8080/download/5dd2401bb5e281000f0926b1’,
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‘inputed”: '2019-11-18T06:54:19.500+0000’,
‘modified”: '2019-11-18T06:54:28.730+0000’,
‘ended’: "2019-11-18T06:54:28.730+0000’,
'message”: [2019-11-18 15:54:28.730] [INFO] Request is completed.’
}
}
2 5
{
“status“:401,
“message”: “unauthorized”,
“data”™:
{
“info“:“Can not find your ID or your password is invalid."
}
}
{
“status”:400,
“message”:“bad request”,
“data”™:
{
“info“:“Wrong request parameters. Please check your request.”
}
3
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.
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Figure 69. Dataset: CMIP5
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3. ZI=Xt=r HMeE| H MItS MH|A FF
7b. 7158 FAE AHl 2 S E&AZEO(AIMS) =5}
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2+ =712 CMIP5 (Coupled Model Intercomparision Project Phase 5)At=e] & Ak 2
ADSS (APEC Climate Center Data Service System)E %3+ A543 Z3 7] B AEALS
FAE Fo7ta ok 2017 JREEO AEHA Il 2 =9 AR WSS Fote] ke
e gol x&EHo7 AMFHT Yt 2018E@ = IPFH Tt Fojo wEIZT2 WS
E3le] AlRAE9 HewlS Aeysle] Ul (User Interface)et #HE /AAS A3t ar, AHA
SoA #HYAHES ZthstuA sk AIMS UlE ReactE 7]Wke g whEo|F i, react=
JavaScipt ztelB oty =E oA JEE AdEo] 21 &S APCC/E AAISS
AIMS Ul 7A-& 1 3)stsit.

AIMS9] AFg=}e] wew e niglo 2 Ulo] /AAE 23R MEA MR Ule Y&
oz o} 2t}

(7P Objective 7t A&4d WA

AgAe] Objective® 402 ofHd A7E seA ARE £Hse 242 717 7=
2, 03 A4 Fu: 33
71¢ WAE Uz,

L]
Project Name
Clna —
Project Name
e
Description
Package Infarmation
nama
araien
Dapendencas
£ nroc = \PCC
I W e v i -

Figure 71 Improved objective card selection method (left)before (right)after

(\h) AIMSO A Agsh= CMIPS =71 S

710 AIMSol| A A|-&3F= CMIP5= AIMS Training Programel #7} dd =71 4o =
ok &le] 3570=2] CMIP5E AlFstF oy, AIMSe] A&z & fs) CMIPS Ay =7HE
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35 Stats 243 Stats

Figure 72 Expand countries for CMIP5 service in AIMS (left)before (right)after

(th) Evaluate Observed Data 7}=A 71221 #AZdolH QC 7|5 F7}

IMS 71513 ZASE vz Zgstrled £A47F A= d5A

7HE 2 w8 IAUEe #SASE Aol By, A4S #te A3, o4 9
2 A A==+
‘%Zﬂﬂoi, o]l AYT 4 Y= QC (Quality ControDE 3GHAS Ea AT = A== 7%

Figure 73 Quality control addition to Evaluate Observed Data card

() ol i 2% F71

o] AMSIA AHE5E WS R RA7IAE FE8] 9% Arguments] W5
TS ASHM, AEA FAT AT 1 AN AT 4IE PAT FAA

el
Heyw oz WA
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s Select one or more variables.
Select one or more variables.

Select All | None

Select All | None B por
Precipitation(mm)
v
P ¥ tasmax
Y Maximum Temperature(C)
¢l lasmax
# lasmin
& tasmin Minimum Temperature(C

sfeWind sfeWind
Wind Speed(m/s

hs
Relative Humidity(%

rsds
Solar Radiation{MJ/m2)

Figure 74 Add a detailed description of the variable (left)before (right)after

(M) 7t= «=A ¥73

BEEolEl9} YA GOMTHe] FIH, AME ABVAE B U Aol A NFR
9o AR F, A8E GOME Agste] AAs st ol FaHQ AMSe] AHE Aol
ok SHAIRE 71 AIMS Ul 72 Alrte] 284e Hsl AsE Fdsta oz A d <
Kl =]

A general circulation model (GCM) is a type of climale model. it employs a mathematical mocel of the
general circulation of a planetary atmosphere or ocean
Praject Narme ~ Precipitation
o Crngt (e 130 + Temperature
Desaription
Packags Information The workflow will stop once it reaches here because configuring workflow
. sections below are dependent on the result of above sections.
Vo
AT M| know what | am doing, and | do not want the process stopped here
'
~°
[ ___— N .
IS =t S canesmz || ccsma | cesmi-sec || cesmi-cams | emccom
cumcc-cws || cnrm-cus | csiro-mis 60 | Feoais-gz | FeoaLs sz | groLcus
Groreme =2
e IPSL-CM5A-MR [l IPSL-CM5B-LR | MIROC-ESM
. £5 APCC |
¥ i Z=m

Figure 75 Change card position and add STOP sign (eft)before (right)after

(vP Climate Change Index 71 o]& W7

71&2] AIMSYlA Climate Extreme IndexE AJ4tst= 7F=2] o]Fo] ‘Climate Change
Index” 2 FAF ] JAAT. HE5E AIMSAZ =& 3] 71=2] o]&<L ‘Climate Extreme
Index Calculation’ ©. = W73} c}.
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© APCC imtegrated Wodefing Solubon © APCC Integratéd Modeling Solution

File Vi Halp File Help

GCM names

o 1 - e | ccome | e o[ cesur s | v
Foonser

GCM names

Custom Indices &

GFDL-£sM2G | GFDLEsMaM | HaoGEM2-A0 | HadceM2.CC || HaaGEM2-ES | inmoma
wpscumsaLr | ipstcmsamr | ipstcmss L | miroc£sm | miroc esmcrem | Mirocs |
wrr-EsmLR | upiesumr [ uricaems | NoEsmim

YU C2n a0 your owh Ingex funclions Custom Indices &

You can add your own index functions

+ A a custom index

Figure 76 Change Cliamte Change Index card name (left)before (right)after

(Ab Downscale 7}=9| Overwrite 7% F7}

371A19] A3t s}, 2714 2] RCP (Representative Concentration Pathways) Aluhg] 2,
37 A1 9] wE7|1zke] A-E 2970 GCMol| tisf AFEA7E A€t ASAT +2 ASE st
A AAS AIMSAA AFsta Yot AAsE 7tE= 7]&= GCMo] stvets 715
< AREStR oY, HI RS A AMAIZEY] A2 A

I5& F7hehsch

X

N

N

i

rlr

(L,

4>

2

=

=o{=t

>

)

N

[

p‘L

bl o
St et
AN

© APCC wiegrated Modeting Soluton
fie yiew relp

© APCC Integrated Modeling Solution
File_Felp

< RCP4S
Reprasantative Cancantraton Py [RCP) 4 & Scenarcs Feriod m Project Glimate.., has finished
. running.
BCFD.5 Type Start Year .o ve
Rapresentative Cancentration Pathay (RGP &5 Scananas
Observed 1976 2005

o
)

Period

Historical (GCM) 1976 2005
Future (GCM) 2010 203
2040 2068
207 2099
Type

avserved Downscale method.

Historical (M)

Please choose one or mare downscale metnods,
Future (GTH)

<) SQM (Cho et sl 2016)
i

Figure 77 Added overwriting capability to the Downscale card (Ieft)before (right)after

(op) STOP sign %7}

STOP sign AIMSol|A &Fef 950 A7E &1l 3 & oo 7l=& AAs)
skl A Fste 71Eelth AIMSOl A AFsts 7| FHst JAs e
ATH ASAEE GAS PHEE GASE D A5E AFEATE A B ATl %
< A8 st WeightFactorg Al4tshe AIMSS E54& &3t STOP signe F7kste] A

=
A F AT F =S A
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© £56< e Vosing o — a5
fio yow: v

Project Name
Project Naine Chimale Change (Nevernber 6. 20185
Clmats Change (Novermber & 2019) Frs
Description

Custom inaices &

Description

‘You can 30d your own ndex funcons.

Package Information

Package Information

Name: Cimare Cnange
Version: 10

‘Evaluation: Spatial Reproducibilty

140 User option s avaladie

¥

‘Weight Factor and Uncertainty for GGMs

Downscale method

oy
Wate: Resourves Assouaton, S0(4), 1011032 Nips Adol ora/A0,11 112V 12154

SOM (Simgle Quantis Mapping)

Figure 78 Added STOP sign before WeightFactor and Uncertainty for GCMs card (left)before
(right)after

AP GCM =4 7]E gzl HA

71EY Z7|3tHe GCM2 4l&3 AAEls st sty RdS AlFstd o, A
FE AT 3E BE GCMES BoFE Zo] A gA A9 & + e $olgts 8%
of g} »E GCME Zx7|gdHo] HE3== F 839 tHDownscale, Climate Extreme Index
Calculation 7}Eo)] z+7F A &).

@ APCC integrated Modeling Solution © APCC Integrated Modeling Solution
Fle View Help

Fle View Help

Climate Change Index Calculation

GCM names
==

Custom Indices &

GCM names

Scenario

v RCP4S You can add your own index functions.

Pathway (RCF) 45 S:
+ Add a custom index
RCFB.5

Reprasentative Concantration Pathway (RCP) 8.5 Scenaros

(a)

© APCC Integrated Modeling Solution © 4PCC integrated Modeling Solution

Eile Help Fle Help

GCM names

oce comis o com-tn] concove oo | cooma| cesun acc | ceswr cams | ouco-cw

EMCCCME S e cmcc-cus [| cnrm-cms | csiromka-s0 | Feoats-g2 | Feoats-s2 | croLcms

GFDLESM2G iceuzce | isiacews e | iwscia GrDLESW2G e e e

1pstcmsaLR [ ipsLcmsamr [ipsLcmssir [ mirocesm [ miroc-esm-crem [ mirocs | PECRSR MROC-ESw-Criem | Mirocs |
MPI-ESM-LR MRICGCMS | NoESM1-M

Scenario

Custom Indices &
< RCP4S
wen You can add your own index functions.

RCPSS -+ Add a cuslom index
Representative Conceniration Paihway (RCF) 8.5 Scenarios

(c) (d)
Figure 79 Change default GCM model names (up)before (down)after

(Zh G*2E AA WA HZE
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APCCE ADSSE &7 715&4m AM2E Aldgstal Atk 2021dF-El= ADSS7F obd API
g E% AuAE AFSA G Adolth ADSSS] 1FAE AHIAE ol g3 AHAE AT
she AMSE ol @ WA WEFo] APIE B3 GRE AA 75 H2ES 4AsA

P 71Ek AE A
@ ADSS TH&2E AR WA

HRHEoLe] Exog ADSSo|A Hlol o= CMIPSAR S HZ27F WAH NEE H=2
Javascriptell #-&3te] AIMSOIA M2 AZE 53 b2t 3= 7% 5 &=
skt

AIMS®] 7+ 7tEEE AEAE Add W47t uiE g S E F RS Require
o JERE O AYLEE AA I AT 71Ee] AMSelA 2
Aol Y= 7t=el Require IWEVE E=RAA BA] F58ks d4o] dAste] o]& A3t

(

Q) 71583} FAE ArlE & AZEAIMS) R H7]A] 1=3}

71%ZWs 7y e BAH AASE el SHHoE ARRo] 7 R7IRE 97]A] 470
w3 Aol AFEA WS AFEAFES FEMe wrdste], F7EA Q] JfAd o] o] FojF Tt AIMS
o] A= Simple Quantile Mapping (SQM) (Cho et al.,, 2018) %! Spatial Disaggregation with
Quantile Delta Mapping (SDQDM) (Eum and Cannon, 2017) 7]¥ 3 7 BCSA (Bias-Correction
and Stochastic Analog) (Hwang and Graham, 2013) 71¥& £33t 371#] EA417 A3 7|HS
A&t SQM HHe FA 2= §EAF ASAH sidE+= GCM (Global Climate Model)
Azt ks vtE ARESH AMH o EE #BEHARS WA GCMO #e A EAAMEH
(Empirical Quantile Mapping)<= ©]-&3ste 49 GCM A5 E3HE o] 9= GCM B A|2H
2 2Hbias)E Y¥E RAHsE Wgoltt. SDQDM e #Hor S F3slr] Ao F9 GCM
o A FES o8&t A IS nverse Distance Weighted, IDW)S F3ste] A<

283 3, A59] Quantile HE AA] GCMolA A8 wf7|3to] g H3L&S FAAI7]H
HRAGES 3t 5AZ WHolth & Wi 5 Ui 7|$HedE, dF4AEE 5HFoR
HRA S Fdste YHOoE FMEAH] & 7484 ds FEEG FhAsHe A
Ho] =8 5= gty F3F tgekAo] & kel e A HoHo] 9ol e durziel B
S A83 FEAS 71 J 8L AFFH R o] Fojxof st A FHEE E 5
dE Adste FAAE 71 AL 2 H8o] FHastthHwang and Graham, 2014). BCSA
e FEA WA s ZHte 2 st WHOEA, HA F3 WEAE Addtes FE
X5 FAFHOZ AAEA replicates libraryES 738l HgRAH H 4 T GCM AF=E9
38t replicates FE3te] B o2 st FEGEY ASE A4ksteE Wy olth BCSA
WHE B AN d A E AR o @9 HolgE ik 1evt vEsta 2 s
Lo AZARE ALY w AAAZIO] A A8FHW Z]F QA I AHES AHEA Xk
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S HYsfol & Ho g & Ho] Hastth AIMSOA 7)|Eo A FI EA 2 A
Algt e GCMe W37l S wuith 7)o ARG Aax BT A2 ALs)
A TS G AT AAIZEY] E8Ao] AnE = A|FAA HEeIA] oS detsta

Overwrite 7]1%< F7}st A Z3sFA Tt

IAEES) 23dEE B35 X&H o2 JJAEo] 29 rAnalysisdCC #71AE= A8t =
ARE ol&dte] FAs 7o wuHIME fJeiA Bask S37]$A 4 (Extreme Team on
Climate Change Detection and Indices ETCCDDES A4+sta, A4 @ I3V FAFE 7jHto g
g BA AP B vlE] 71zl g Alad 3= 93U, GOMYE JhEA] A 2 B34
A3 A4 #EE dE9 Jlse e vk AIMSOlA ARgSkeE 2778 SR SAFE
Table 443 2t} ARGAES] A&AQ] Aol FAOE AHEAEC] A & F UES
zol P& /Adsta, JHZE AR ARE F AES A A5E M AT 5
A el 71THs AU ARE gA &8 F JIEF AT

Table 44 Extreme Team on Climate Change Detection and Indices

ID Variable Description Unit
SU Annual count of days when TMAX > 25°C Days
ID Annual count of days when TMAX < 0°C Days
TXn Annual minimum value of TMAX °C
TXx Annual maximum value of TMAX °C
- TMAX
TX10p Percentage of days when TX < 10™ percentile Days
TX90p Percentage of days when TX > 90" percentile Days
WSDI Annual count of days with at least 6 consecutive days D
ays
when TMAX > 90th percentile Y
FD Annual count of days when TMIN < 0°C Days
TR Annual count of days when TMIN > 20°C Days
TNn Annual minimum value of TMIN °C
TNx Annual maximum value of TMIN °C
——— TMIN
TN10p Percentage of days when TN < 10" percentile Days
TN9Op Percentage of days when TN > 90" percentile Days

Annual count of days with at least 6 consecutive days
CSDI ) Days
when TMIN < 10th percentile

TMAX & Annual mean  difference between daily maximum

DTR °C
TMIN temperature TMAX and TMIN
Annual count between first span of at least 6 days with
GSL TAVG daily mean temperature TG>5°C and first span of 6 days Days
with TG<5°C .
Maximum number of consecutive days with daily PRCP <
CDD Days
PRCP Imm
CWD Maximum number of consecutive days with daily PRCP > Days
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Imm

PRCPTOT Annual total PRCP in wet days (daily PRCP > Imm) mm
R95pTOT Annual total PRCP when PR > 95p mm
RI99pTOT Annual total PRCP when PR > 99p mm
Rxlday Annual maximum 1-day precipitation mm
Rxbday Annual maximum 5-day precipitation (PRCP) mm
SDII Annual precipitation divided by the number of wet days mm/day
R10mm Annual count of days when PRCP> 10mm Days
R20mm Annual count of days when PRCP> 20mm Days

Annual count of days when PRCP> nnmm, nn is a user
Rnnmm . . Das
defined threshold (default threshold is 1)

AIVSe] AbgAte] HEwe wEow Ule] AHe AAsG AEA AAE Ule] Hee
ofeel 2t}

b BEAE QC 7% 27}

M= 0 3% F7kse) B2ARE A2ge] Bu, AFE el 24T, o149l Ao
El }

h=|
g BEARETO] Thr

e RA 5o AMS Z1FWE AAsE w2 Hgar)el BAY

BAFNTE AE GAolA o]okr] ghul ot o]& A& 4 &= QC (Quality Contro)E 3
dAE B3 AT F AEE VTS FUIeET A HAE #ASA59 A= #e 5T
S Folete= HAHFow ZyPEE Clipping © CMIPSE AFE38t= AIMSOlA] AHEA7E AMElg =
71 914 = #F FES AAEY #eol d8Egd WAXE FE 9F8S T F UAEE
o 7 ¥AE A5FH A, AV @l AV ofd EFEA 2 EAVE d¥9HE A
E sty AEFoE AHE st 98-S b A HAE 44 F AAE T A H #=
Az Fho]l AAVMEE #FJAAE st o] FAE HFshes FAoITh o)A A= 7]
ARl RaAME Fasdth ArEFES 572U A9 AdHo)A] g2 A5E Adste A
Al st 7129 A5 HA -894TC EHuh @AY HI 578CE e A AFHCE A
st WS AMSSEATH

(P A3 3712 Overwrite 71% 37}

AIMSe] BAA FAMg= 37FA 9 W, 27FA1 9] RCP Alug L, 371A19] w7 3ke] A
5 297] GCME AM&A7F = A8 F2 FMSEE st WHolt 7[S9 = GCM
o] stygtxE FUHEWA BE 7[E9 ARE YA AAste ZES AFESIA o, BlEEH A

b A2t EE WA E AT

A EAZ ABA FEE WSS SelEin HgEE Lun
)

5 AL35t¥Y 1 OWrite

OWritegh= ArgumentE F71ste] 37FA1 9] A A dA|s) 3 7] = = R
dojol =ggrE AHm ‘TRUE’ Q1 A5 71&9 FAdE& HASHA Fa 25 AHE A
32 FPetA Dot v A$<e ‘FALSE® £ Agstd A827} UlolA Add e A9

2 A ThA

X
Fo1g 31 LXFE A FASE S 2 AAHRA g
la
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(Th rSQM 371 #] =7} QA
7129 M FHAWE rSQMI 7] A ol A AF-LEH

o]
A ARREE ARE aEEA i AAske FEYe #]lsta, ZHE AASHA &, TS
o FEHY EE AUt AAHESE AT =3 Al GCMe] B7H7F AIMSe] EFf 5t
Al =A7F BAE ooz WAHN wet, FHAHA YA GCME FE3ks F7F 225
HATH HA7|Zel tisl] YA GCMB 7ol AMSEE ARE FE3He
dA GCME FEdt= & A= A3ttt

AFEZT 2HA 8= WFalo] g E I T o

() rSDQDM FH 7] A F7} A

%7] rSDQDM—‘—l ST E 7o 2 3= ASOS (Automated Surface Observing System)
ZA 5 E &8sk Full Data sete] A8 ZEAH ol& ME=9 #ZToly HEFo=
AZ F’Jr oAl gt FAE M3 1A FSol FATE HIAT. ol FH Y FA= &
QCE &3t 7|EAQ A+ ¢4w7t 5]917‘1“ ASAE Ay 1A ¥ 978 ZE
A7 HIAH o] BE FEAA AZHE Ayt dAE Ps il

&9 &7 FHAA o] rSQMe 734 g&ete= F <
2 P F NAEHAT. 71EY 1rSDQDM2 R StudioE %3} :rL%% [
AL, AZ FASE AZ Azro]l Bol gk sj7|Aeoltt. wEtA P EdS A 3
3171 98l A Progressive barg %&}< 7&5@4 AL gelstg ot AIMSY TEEHEA B
Log#td o] &&F& A st A&o] Ho 7]eg AAsH HEE Loguets & st

AN N A T R VN =1
I
o 2
Ay
22
=
2
i
32

.

oo

(vp) rBCSA #{7]A] 7} AA

rSDQDM3} Rt A| 2 gt s 2 AFLEHJE 2719 BdoA M= #SA
59 Yg¥o] oy EAFES 4o vjotsio], Z—Z’l—f—%,\"ﬂE wAgle] 750l Jhsdts
2 F71A<¢l /fAo] o] FojH ) %3 Stochastic analoge] EAS 7FA 1L 1+ rBCSAE 54
ol @ A7 Progressive barg AAsIFoU L/FE st £13F Logatdel ou|7t fle
ARE #HolA 3= A= W=t wEbA rBCSAA A= rSDQDM¥} vlxk7}x| 2 Progressive
baré] 715 AAsH W& gots 57 4=F AAFH AT

() =3 71 FA e AA AL Bt 2¥HE A7

Az G FAFY B ARY BAE AP FHBe LA waBE 9

AMSAAAEo] Tekd 72 2PoRs =Re Agon Ay YE F2o U= Z
4B HolFAth A8 T4 FAE Aulzdl AMSe HAd BEE AFshE 3A A

A4 Bt 2EBL Y2 AT 5 Y5 HolgE
o tate] ATHER AHSAT. = 7129 F 29
=% WA Outliere] Hes W& TR o) 7120l - oA
Th 222 SQM, SDQDM, BCSAS o] 43te] 6071 714eZao] s AHsts A42F o
stal 277 ST Aol Ui HA APAL WP AHE RAET CSVIAY AT

o
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Figure 803 Zi1 WA H &% &2 Figure 81°]t.

il

0 cdd_Historical.csv

A 8 < | o
II_'j csdi_Historicalosy Microsoft Excel alue Downscale GEMNAMES
B! cwd_Historical.csv Microsoft Bxcal . 1317.97 OBS 'OBS i

a1 dir_Historical csv
@1 fd_Historical.csv

1051.98 OBS OBS
1532.14 OBS OBS

.
¥ ]
8 gsl_Historical.csy . Mo 1899.58 OBS OBSs
0. id_Higtorical.csv 25 Microsoft Excel 14734971 OBS OBS
g:1 preptot_Historical.csy 2% Micosoft Bxel . 1302.27 OBS OBS
811 ri0mm_Historical.csv o= 186322 SOM CESMI-CAMS
@' r20mm_Historical esv 28, 1389671 SOM CESMI-CAMS
0 resptot_Historical esv -5 1 1620.54 SOM CESMI-CAMS
0 ra9ptot_Historical csv 25, Microsoft Bxcel 211852 5QM CESMI-CAMS
@5 mnmm_MHistorical csv 28 Microsoft Bucal . 1246.35 50M CESMI-CAMS
8l reiday _Historieal esv 23 1387.2 5OM CESM1-CAMS
81 ncSday_Historical csv 25, 1729.13 SOM CESMT-CAMS
4 sdii_Historical.csv 25 1361.94 SOM CESMI-CAMS
0 su_Historical sy 25, Microsoft Bxcel 837.53 5QM CESM1-CAMS
@] tn10p_Historical csv 62 . Microsoft Excel . 972.59 5QM CESMI-CAMS
01 th90p_Historical csv o% 120442 SOM CESMIT-CAMS
ﬂ.:': tnn_Histerical.csv ox, q72.79 SOM CESMI-CAM:
™ an 132592 50M CESMIT-CAM
- :MHMGLN !_-: 926.85 SOM CESMI-CAMS
01 tr_Historical.csv 5,
67 tx10p_Historical csv so8 1475.33 SOM CESMI-CAMS
41 b90p_Historical csv o= 1162.08 SOM CESM1-CAMS
ﬂ": i H:sloﬂca} o s o8 99378 5OM CESMI-CAMS
Sl i iy 142103 SOM CESMI1-CAMS
e =t | 13798750M  CESMI-CAMS
00 wedi_Historical csv 25

51 | 1037.37 saM CESMI-CAMS

Summary Data

811 edd historical csv 201-11-06 28
85 esdi_historical.csv o8
B cwd_historical csv 2%
0 s historical csv =
B fd_historicalcsv =
A gsl_historical.cav
81 id_historical.csv %8
0. preptot_historical.csv B
ol el Gl
| r20mm_historical.csv crosoft Excel KB T == e T =i et P e
') rosptot_historical esv Microsoft Excel "8 ]| 0OBS S SOOIDM BCSA
0! ragptot_histarical csv Microsoft Bxcel KB 2 i | 83493 G567 S06.57 68243
@’ rnmm_histerical.csv Microsaft Excel s 3 ___151 (w TH 111705 114002 846.81 116269
g rxtday_historical csv Microsaft Excel 1£8 ) Med-ian 131027 1308.39 967.3 131911
) bkl e 1e2 Hl| 133336 13359 03593 133759
0.1 dil_historical.cov Microsaft Excsl %8
sil_historical csv Microsaft Excel 1K8 1497.35 1508.64 1171.84 14355«2
0 tn10p_historical.csv %5 TEOO.58 234806 164042 2197.03
- tn90p_historical.csv i) o 2 o 2
_"_ tnn_histarical.csv 168
1) t_historieal csv Micros %8
. tr_historical.csv Micros KB
11 x10p_historical.csv Microsoft Sxce wa
- teB0p_historical.csv Miceoss kB
) ten_historical csv ]
o_historical csv %8

5 wsd_historical.csv

(b) Total Summary Table Data

Figure 80 Provide SCV file for historical reproducibility evaluation
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Boxplot of CDD:Maximum length of dry spell (Days)
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Boxplot of DTR:Daily temperature range (C)
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Boxplot of ID:Number of icing days (Days)
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Boxplot of R20mm:Annual count of days when PRCP >= 20mm (Days) Boxplot of R20mm:Annual count of days when PRCP >= 20mm (Days)
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Boxplot of Rnnmm:Annual count of days when PRCP >= nnmm, nn is 1 (Days) Boxplot of Rnnmm:Annual count of days when PRCP == nnmm, nn is 1 (Days)
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Boxplot of SDII:Simple pricipitation
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Boxplot of TN90p:Percentage of days when TN > 90th percentile (Days)
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Boxplot of TR:Number of tropical nights (Days)

e
87 “
73
o Methad
BE BCSA
& B 0BS
% B8 SDQDM
E3 sam
31
17 g H
3 N .
oBs SaM SDQDM BCSA
80~
OBS SQM SDODM BCSA
M 2585 513 42 128
Rsthod 1sfQu. 451 4358 3878 a3
= EA Medisn 50.38 513 484 5228
— 0BS
Mesn S03s sos  eT2T S1T
— SDODMW
ke ou eTEe 3 m7e e
iax o35 B0cE 83zz  Teos
NACauntiVess O 0 0 o

Boxplot of TX10p:Percentage of days when TX < 10th percentile (Days)
B8

Dowmscaing
87
58 ;
.
. .
H H 5
. 1 2
49 s i
H Method
2% B8 BCSA
e B 0BS
= B3 SDQDM
B3 samM
22
"
088 sam SDODM BCSA
B0~
0BS SQM SDQDM BCSA
Mo 578 713 593 786
Method 1t Qu. T8 17 16.92 16.89
THESA Median 10.33 22 2151 2135
i Mean 10.38° 2323 2282 2208
— spapu =
Elay SdQu 1242 2838 2787 2873
Max, 1985 5538 5916 50.84
NACountivess O @ o °

Boxplot of TX90p:Percentage of days when TX > 90th percentile (Days)

Dowmseaing
20
7
14
Methad
By . BE BCSA
g B 0BS
= . 3 : B2 spaDM
B H . M B3 samM
-
oss Sam SDQDM BCSA
OBS SQM SDODM BCSA
Mo 503 © o oo
asthod 1stQu. 785 036 038 o7
—oimesA Median 988 087 098 137
—0BS
Mean 1035 127 142 172
— SDQDM
il IwQu 1ass 178 195 231
Max 1856 885 1181 88T
NAGaumtVess O  ® o °

_88_

10p
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Boxplot of TXn:Monthly minimum value of daily maximum temperature (C)
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Boxplot of TXx:Monthly maximum value of daily maximum temperature (C)
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Boxplot of TXx:Monthly maximum value of daily maximum temperature (C)
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(b) Total Summary Table Data

Figure 82 Provide SCV file for future extreme index evaluation
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Signal Diff.(DS-Raw) of CDD:Maximum length of dry spell (Days)

$1:2010-2039 SZ:2040-2069 53:2070-2095
6" .
4 e .
- s
6 . >3
N .
: |£| ’_—I_| |__‘_| ’_—L| 7
& )
-2 .
-4 G ; ; 3 > % § ]
= = -4 = = ' F-3 = -
3 o @ 3 F 2 3 H ]
2 8 2 2 8 g 8 8 2
@ ] 2
SAGM S1 SDQDM S1 BCSA S1 SQM S2 SDQDM S2 BCSA S2 SQM S3 SDQDM S3  BCSA §3
[ EF o 205 227 2z am Een an
Summary 1stQu. 032 o3 0325 Das D34 a7 033 0.38 08
Table of rcp45 nsecian  0.68 Dss 057 022 069 038 041 112 o5
tiesn 057 0z 0z 038 084 020 028 %5 02e
swou 132 172 129 rr 202 131 14 185 121
Mas 408 405 577 414 4 aze s ses a7
SQM §1 SDQDM S1 BCSA S1 SQM $2 SDQDM $2 BCSA 82 SQM S3 SDQDM $3 BCSA §3
Min. 197 249 24 23 a78 288 281 2z 257
Summary tetQu 045 as3 s o5z 001 a1 o2 020 ae
Table of p85 pedian 022 027 0.08 039 077 0.4 087 075 078
thesn 041 o a4 024 02 0z 107 05 1
smou, 0o 122 as 126 12 115 292 128 232
. 82 am 552 264 as 23 582 348 a2
Signal Diff.(DS-Raw) of CSDI:Cold speel duration index (Days)
S$1:2010-2038 52:2040-2069 S§3:2070-2088
25-
20-
15~ . é
10+ &
B S S S = [ T
0
257
20
15 - . a
-
10- =
e S
= = P = = F = = <
3 3 [ a a o3 a =) g
3 8 2 ] 8 2 2 8 2
2 ] ]
SQMS1 SDQDM S1 BCSAS1 SOMS2 SDQDMSZ BCSAS2 SQMS3 SDQDMS3 BCSA 3
Min 01z 034 102 002 ot 237 a0t oar 288
Summary 1stQu 008 232 438 02 234 e23 0.15 20 73
Table of 1cpd5 pecian 023 438 8.02 034 482 1034 038 486 10.58
e 038 57 24 os sz Wi om 507 1101
o 022 .54 e os 742 1438 042 702 1481
Mz 101 1466 1977 117 1581 2408 116 14.57 2406
SQM S§1 SDQDM S1 BCSA §1 SQM S2 SDQDM S2 BCSA S2 SQM S3 SDQDM S3 BCSA §3
tin 018 a0 150 002 o1 230 002 o7 280
Summary fetQu.  0.09 ER 557 22 204 82 02 2 EXT)
Table of cp83 median 020 481 10.1 03 48 1234 033 426 1262
wean 021 52 103 0 (s 1266 04 514 1244
oy 04 738 1283 05 723 182 9z a8t 1858
M 108 1e2 278 118 581 2 15 1488 =28
Signal Diff.(DS-Raw) of CWD:Maximum length of wet spell (Days)
S1.2010-2033 52:2040-206% $3:2070-2088
. -
4

i3
L.
8
5aM §1
a1
Summary  1etou 008
Table O rcp4d fecisn 034
Mean 028
adu 048
Max 247
sam s1
Min. 098
Summary  fstu D47
Table of (83 pedian 025
Mean 047
Suou,  0de
e 173

BCSA.

SDQDM
a7
238
as
72
107
268

SDaDM
418
113
024
EER
oz
52

H
g
)

S1 BCSAS1

a2
D21
017
ags
o027

21

§1 BCSAS1

42
o7
07
011
08
187

SDQDM .

BCSA.

g

BOSA.

=
a
@

=
=]
<]
a
&

SQM S2 SDQDM S2 BCSA S2 SQMS3 SDQDM S3 BCSA §3

2
25
008
o
034
132

03
438
081
204
2.8
348

221 am 822 38
058 004 284 ErS
<1 s “yas 0.0%
022 013 79 203
028 04 ooz 028
1 158 235 132

SQM $2 SDQDM $2 BCSAS2 SOMS3 SDODM S3 BCSA $3

208
018
011
003
037
15

208 288 122 431
o5 am &3 288
004 01 1.2 014
T 1T 205 xS
0s 0z v 018
15 14 265 157

Signal Diff.(DS-Raw) of CDD:Maximum length of dry spell (Days)

5120102039

52:2040-2069

53:2070-2099
-

Gptal

{

-

o l_'_l
=
g
@

I [F

SDAOM | 4 ¢ 4:”, o

1 |

| - I
I [l

SQM S1 SDQDM S1 BCSAS1 SOM S2 SDQDM S2 BCSAS2 SQM S3 SDQDM S3  BCSA S3
win  Ase e e 205 227 ase a2 218 4z
Summary st Qu. 032 031 025 D34 D2s a7 039 038 08
Table of rep45. pedian D88 oss o057 022 069 038 041 112 o5
Mean 057 087 0z 038 084 0z 0a 085 02
swau 132 173 129 tar 200 131 144 185 121
Max 405 05 77 414 4 20 37 zee a
SQOM $1 SDODM S1 BCSA S1 SQM §2 SDQDM §2 BCSA S2 SQM S3 SDQDM 83 BCSA 83
[T Y] 24 | =w 378 ase 283 a2 asr
Summary fetQu 045 as3 058 052 001 ae 28 w2 ae
Table of Tp83 pedian 0.2 027 0.05 039 o777 0.48 097 0.75 078
fean 044 042 04 024 04e 0z 107 a5 1
socu 09 122 oo 124 13 115 20 108 a2
Max 552 33 522 324 283 23 55 348 e
Signal Diff.(DS-Raw) of CSDIL:Cold speel duration index (Days)
51:2010-2033 52:2040-2068 53:2070-2088
25
20
s * * 3
10 5
s
e e e
25
20
*
15 * * a
kS
: $ m
P B i e
= = z = = F = = 3
a = o a = . a = @
2 8 2 2 8 2 a 3 2
2 2 8
SQM S1 SDQDMS1 BCSAS1 SQMS2 SDQDMSZ BCSAS2 SQMS3 SDQDMS3 BCSA 3
win a1z 024 105 02 041 237 an 037 283
Summary fetQu.  0.08 232 430 02 234 s23 ais 28 o3
Table of 1cp45 pedian 023 435 8102 034 482 1084 [ 438 1058
tean 0323 547 24 0.6 527 to7s | oan so7 1o
mou 02 754 148 0t 42 1428 042 702 1441
Max. 1.01 1488 1877 AT 1561 2408 116 1457 2404
SQM §1 SDQDM 51 BCSAS1 SQM §2 SDQDM S2 BCSAS2 SQM S3 SDQDM S3  BCSA §3
[ 008 1m0 003 o 20 0z o7 250
Summary fotQu.  0.02 331 557 0z 202 82 02 2 848
Tabie of 1CD83 median 020 481 101 03 48 1234 033 426 1262
Mean 020 59 103 04 a7 1288 081 514 1344
sdGu 04 788 1283 0z 723 1882 0z 21 1555
Max 109 1es2 27 118 1881 228 11 1488 222
Signal Diff.(DS-Raw) of CWD:Maximum length of wet spell (Days)
§1:2010-2039 52:2040-2069 532070-2099
" ’_|_| i ®
o] —— e || L I | S S —_l
) o ' ? '
* 3
&
0
s ¥
¥
dee L e N e | g ) & 1w
+ L4 a
* * i 2
+ 5
-10
= = F = = 3 = = =
3 4 a 3 2 2 3 2 &
2 8 g ] 8 2 2 8 g
3 2 8
SQM S1 SDQDM S1 BCSAS1 SOM S2 SDQDM S2 BCSAS2 SQM S3 SDQDM S3  BCSA S3
wim A1 478 42 2 02 227 e ) 35
Summary fstQu. 008 228 0.21 0.5 4.38 0.58 0.04 284 035
Table of rcp45 pedian 024 o8 047 o.08 081 a1 018 -1 aa 004
Mean 028 072 os  am 204 232 o1z 478 203
dau 048 107 ozr 034 FRY) 0z 04 anz 0z
Max 247 E 21 122 248 14 158 235 132
SOM §1 SDODM S1 BCSA S1 SOM §2 SDODM S2 BCSA S2 SOM S3 SDQDM 83 BCSA 83
[ 413 42 208 702 208 240 422 43
Summary Qi 047 113 007 a8 a2 058 028 31 088
Table of e85 Median  0.25 oze 047 o1 0.8t 004 0.1 A2 EXE
fean 047 024 o1 003 R ade | 048 e ase
soou 0 os o 0w 032 s oz o 018
Max 173 £ 187 151 a0 15 141 288 157

_92_




Signal Diff.(DS-Raw) of DTR:Daily temperature range (C)
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Signal Diff.(DS-Raw) of ID:Number of icing days (Days)
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Signal Diff.(DS-Raw) of R10mm:Annual count of days when PRCP >= 10mm (Days)
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Signal Diff.(DS-Raw) of R10mm:Annual count of days when PRCP >= 10mm (Days)
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Signal Diff.(DS-Raw) of Rnnmm:Annual count of days when PRCP >= nnmm, nn is 1 (Days)
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$1:2010-2038 $2:2040-2069 53:2070-2099
75~
e % = — §
25+ 2
o
120-
80- °
L) a
=
|
= = = = = = = = =
3 5 B 3 53 B i 3 i
SAQM S1 SDQDM S1 BCSA S1 SQM S2 SDQDM S2 BCSA S2 SQM S3 SDQDM S3 BCSA S3
Summary st Qu. 1208 702 9.48 20.93 11.44 1201 2081 11.93 1258
Table of rep45 pszdian 2074 175 1268 31,15 12 2005 2446 1881 2018
SOM S1 SDQDM S1 BCSA S1 SOM S2 SDODM S§2 BCSA S2 SQM S3 SDODM S3 BCSA §3
Summary  tetou 82 £ 128 1sm 3w tose 2301 282¢ 1538
Table of tp85 Median 20.32 1358 1205 3103 2438 1852 43.47 3544 =8

Signal Diff.(DS-Raw) of Rnnmm:Annual count of days when PRCP >= nnmm, nn is 1 (Days)

51:2010-2039 $2:2040-2069 $3:2070-2099
10 * & E *
N
¥ ¥ * N * *
3
o T T T f @
. j—‘ . ! H—_I
-10
20 ® ¥
10 b i3 1 3
o T == T f \_'_1 f i
= = = = = = = = =
2 g g g g g g S 2
SQM S1 SDQDM S1 BCSAS1 SOM S2 SDQDM S2 BCSAS2 SQM S3 SDQDM S3  BCSA S3
r—— 7 a7 am a7 a7 2 soe 288
Summary st Qu. 042 -18 021 .38 35 035 058 248 0z
Table of rcp45 peegian D83 o5 11 179 032 133 141 -1.68 095
Nean 141 033 1z tes s 14 158 o7 172
swau 12 228 2e8 2em teo 208 wos 258 265
e o8 1048 7 e = B3 wz A ioe
SQOM $1 SDODM S1 BCSA S1 SQM §2 SDQDM §2 BCSA S2 SQM S3 SDQDM 83 BCSA 83
Mn 24 518 s s <8 s es 14 215
Summary tstQu 001 223 02 043 252 o5 149 001 140
Table O 1085 egian 0.8 a0e oes 17 as s zs 27 a1z
Mean 128 a2s 127 2e 152 282 s so7 ex
soau 28 228 24 a5 s02 a7 s ses 2
Nex | 528 747 ses | zos | 1sEs tes 2t 23 e

Signal Diff.(DS-Raw) of Rx1day:Monthly maximum 1-day precipitation (mm)

5120102038 5220402089 53.2070-2098
*
a0 * id
3
..f
20 * g
]
W
o T T T T T
¥
40
* *
b - 3
20 kS
]
I
= = = = = 3 = = =
3 a @ 2 = @ 3 = 3
(=) ) a &
2 L # b4 z L 2 8
2] ’ 8

SQM §1 SDQDM §1 BCSAS1 SQMS2 SDQDM §2 BCSAS2 SQMS3 SDQDM §3 BCSA 83

Wi a7e 17 232 A4 2, as 240 a2t 04
Summary  tstou  e3s 376 ses st ses sss a7 o7 08
Table of rcp45 pedian 8.4 829 801 1571 1283 1088 18 54 1258 1136
tean 1225 s7e 7 e 1212 toss | 174 1403 1118

rou 2028 1281 w021 217 772 1481 227 2088 1508

Max  &3gs | 2773 a3 e E e | es0r | aiss 288

SQM S1 SDQDM S1 BCSAS1 SQM S2Z SDQDM S2 BCSAS2 SQMS3 SDQDM S3 BCSA §3

w10 e o8z o7a 207 87 220 025 238
Summary fotQu 47 331 17 201 883 298 140 1839 ELes
Tabie of (0085 weaian w08 202 = (2 .43 s0s 218 205 1188
Mean 1070 Tea eo2 1821 1471 t0ee 27 2208 1407

Sdqu 17T 1105 w7z 2w 1878 1882 2072 ats 18

Max a52s 282 271 mas am02 2248w siag 2282

Signal Diff.(DS-Raw) of Rx5day:Monthly maximum consecutive 5-day precipitation (mm)

51:2010-2039 52:2040-2069 S3:2070-2099
50 " %
* a
Fs él é % =
¢
K
120
&
80
* a
i
o
[
= = -« = = -« = = =
i 3 i i 3 i i 3 1
SQM S1 SDAQDM S1 BCSA ST SQM S2 SDQDM S2 BCSA S2 SQM S3 SDQDM S3 BCSA S3
Summary fst Qu. 1208 702 o.48 2093 11.44 1201 2081 11.93 1258
Table of rCO45 psedian 2074 12.66 3115 18 2005 2446 1281 20.18
SOM S1 SDODM S1 BCSA S1 SOM S2 SDODM S2 BCSA S2 SOM S3 SDQDM S3 BCSA 83
Summary fstou 62 523 128 1558 278 1058 2301 2828 1538
Table of rcp85 edian 2022 1358 1205 2103 2128 18.52 2347 3544 228
e I e e e B W B
o R I B o o I I I I

_96_



Signal Diff.(DS-Raw) of SDII:Simple pricipitation intendity index (mm/day)
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Signal Diff.(DS-Raw) of TN90p:Percentage of days when TN > 90th percentile (Days)
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Signal Diff.(DS-Raw) of TR:Number of tropical nights (Days)
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Signal Diff.(DS-Raw) of TXn:Monthly minimum value of daily maximum temperature (C)

$1:2010-2039 SZ:2040-2069 53:2070-2095
i 7
i
o
#
.
. 2
4 &

L

= = = = = =z = = =
8 3 8§ i i 0§ i
g g g
SaQM S1 SDQDM S1 BCSA S1 SQM S2 SDQDM S2 BCSA S2 SQM S3 SDQDM S3 BCSA S3
Summary 1ot Qu. 004 008 a1 012 004 0.05 o1 003 001
Table of Cp45 fsedian 017 o 028 03s oot 035 031 003 052
i [0 I I e I [ s
e [T N i [ I [ It e
SQM S1 SDQDM 51 BCSA §1 SQM §2 SDQDM §2 BCSA §2 SQM §3 SDODM S3 BCSA §3
Summary 1etQu 009 a4 008 oas a0z 008 401 001 201
Table of cpB5 Megian 023 001 023 041 0.04 0.8 0.54 01 033

Signal Diff.(DS-Raw) of TXx:Monthly maximum value of daily maximum temperature (C)

S1:2010-2039 522040-2069 532070-2089
> .
1 3
“ﬁi‘%‘ ﬁ%
!
2
1
. 4
o &
A .
= = 3 = = < = = e
3 g @ -] g @ <1 a a
3 2 2 a
g8 2 2 g 2 g g 4
3 7} &
SOMS1 SDQDM S1 BCSAS1 SQMS2 SDQDM S2 BCSAS2 SQMS3 SDQDMS3 BCSA §3
Min. 823 04 048 034 0z EE S 03 EF
Summary  1stou 018 o1 003 o3s 004 208 037 02 208
Table of rcpd5 pecian  0.35 ] 014 0.62 008 a2 07 007 02
Mean 038 Y a1z oes 008 048 o7 oos 012
wou 05 o8 032 102 015 0.48 112 04 0.7
w138 02 oss 208 03 o7 232 oas 118
SGMS1 SDQDM §1 BCSAS1 SQMS2 SDQDM S2 BCSAS2 SQMS3 SDQDM S3 BCSA §3
win. 013 oz 0 oz E o7 122 210 a7z
Summary  tetou 02 2008 00+ 042 01 222 o3 001 ErS
Table OffCPBS wegian 044 202 a1s am o2 0z oes o7 08
Mean 081 002 a8 o7e 004 018 e o008 EXES
sy 088 005 048 112 003 042 121 016 0z
Max 138 02 a2 218 013 12 198 .28 115

Signal Diff.(DS-Raw) of WSDI:Warm speel duration index (Days)
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Figure 83 Graphic change to future extreme

Signal Diff.(DS-Raw) of TXn:Monthly minimum value of daily maximum temperature (C)
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Variogram of Max. Temperature

Variogram of Max. Temperature
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Figure 84 Change variogram outputs (left)before (right)after
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Figure 87 Added taylor diagram for evaluate raw GCM
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Figure 89 Initial screen for AIMS with the addition of seasonal forecast method
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Figure 90 Standard format of observation data for AIMS
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Figure 91 Observation data input module in AIMS seasonal forecast
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Figure 94 APCC seasonal forecast downscaling module

(mp) ZAg A3} A5 Hla AS

AMSE F3tel AHE AN TIPS o8 AMZ A FMe A
o AL Sskel R 97149 Aaaseh mastdich WGel 544 TAZ 1000719 At
JodstE Asstd e ghol Mante 2o AUYes tgos AN dnel W
A7k Avkt Aolsk YEA AFSHAG ARG BFF BEY YIS skel B@e] BE
AEE B AT BY Ll 4% dolHE ol §3te] AbelZ FAS @ 10007 9]
Ao B ML,

7b A3 AREAE a5
W) A2 A8A 15 G

O F Al AR TA 71FE Auele FAA s

O 7] ZF : 2019. 8. 9(2)
O & 4 : APCC 2= ZA 3 9%
O % 7F A = 371 7|14 E &8 A=A
O Zou&
Qkis AR

09:30-10:00 | Q1AM 2 APCC 27 (h9lE g3

- 110 -



10:00-10:30 71338 A-eE Y% 71FAH A AA
10:30-10:45 Coffee Break
AMSE o] &3 AeA A9 7I13RE Auge dAst 2 FHeAE (AMS: APCC

10:45-12:00 , ,

Integrated Modeling Solution)
12:00-13:00 4
13:00-14:45 | 71FWsA G 2 A g g At (EF)
14:45-15:00 Coffee Break

15:00-17:00 | 71ZHA Y o AN S A8 Ak (AL
17.00-17:30 | Q&A, AE=2A

APCCE AA| 7, & B gAs BYRES B TR AEA

of
2&
Kl
%0
rr
N
o
oxl

2 shelz /| Fgne] FrhE mE AW A AR NS AdstnA FU fEoln
W SAE FAS EAE B B AAE7 & 201793 20189 AUk o= /15
o A3 AT AY PAS NFYR FAS o FEHL Folx T fuslBe ¥
WESZE B33 s, GUd T 4NBE BP0 /15T Adee AY HAs
ARE BEY 5+ QA AdetE 0199% A 33 BF HIFS 2019. 8 99 AT
AAEE APCC AAAL 4HE SAEQ ANSE £l R 9714 7wre] B2A42 QCAXE

Egste] 71+ Auge FAE As ek Ao A T S IAFHUT R

£ A5 ARgshe 7RSS A AHEA HeAdo] arwE AIMSe| GUISHE 3 Hlwsho] »
7179 TE 73 A F-Est ofE st Bl HAth il S wgolM HhEs
dRFoEM AR AYE fs) ARl 27 EHM, g A dAAG0l T He 1
& o AR AZE A AR A AL HAFo] ThedtESE iAol ety B S 671
of A7 1170] thstell A 34%10] H71stith. Figure 962 F7HAF A H o theh dpo] R EC]
=

&orr o2

B =X

B 772
m =0CH
sod

12|

Figure 95 Participant information

A el 90%7h 5% WF WES YT B A, T3 &% JwdN B4
Stk ggskanh 53, 249 o3 % BAZNAM A A B8 mE SQRcke] @



o
)
g
0%
of)
2
Ao
I
=2
]
ofo
n@
_1
%0
)
=2
ofl
of
52
£
2
N
R
=
)
RN
N
=
Ho
=
ofo
o
[ AT
ol

A}

£ HEy

r

Figure 96 Workshop satisfaction result

4 84 A% 2 A9 ARe e 2Tk BE AT AMS dulolE 24 A%
o wu A4 AT FFS WG R FUARE PGk £ 97%e] BB I
AT ARAS FABe] BAL AT T SolE ENSOSH AMASS B Fhmg g
Ashe AT AU, NG D S4k Bob 5 B Bol 89 BAE mee adSAT

AA
AMSS] AAH S
TFAENA o Be 05713 AFSS A9 Atk o9 83 L ANFL 2137
A L& 9AH B4 TFS WD Bt AMS £4S AL AT A%H
WEAD Bt Basth FHoR A B A4S FOE APCC Fad
FAY B 2B Frlehel A&HQL APCC 24 AEE Wt Jeo wuAc

)
s
N,

A4S B FAANEE A5HR BAH A8 A D 24 AiRelA A
gg3 SA0l, WA a%@ B BofolA A MHe) BE1sHL BT £ e )
e ATeUTt T3 FAH AT o83 Bopa(E, FAY, WY 4 5) A%
Fgol e FAH F2E8 HASYTE vhATOR AMS B APCC 7 1
2 AAE A 8 A)F

T
o
&
2
E O
>
2

) BAE AR 2E (F9))

O F A AIMS&= 7%

O 7] ZF 2 2019. 7. 8(&) - 2019. 7. 10(57)
O & 4 : Hive Hotel & Convention Place
O

Z 7} A ¢ 22 participants include PAGASA and FAO

- 112 -



O Aol E

A ZE ACNRES
Day 1, Monday 8™ July
08:30-09:45 Registration and Opening Ceremony
09:45-10:00 Photo Session and Coffee break
10:00-12:00 - Qverview of PAGASA Climate Service Information System(PAGASA)
' ' - Overview of APCC
12:00-13:30 Lunch Break
- Seamless Cliamte Information for Post-2020
13:30-15:15

- Use of Seamless Climate Information on Water Resources Management

15:15-15:30 Coffee Break

- Introduction to User-oriented Downscaling and APCC Integrated Modeling solution (AIMS)
- Setup of participant” s PC/laptop

Day 2, Tuesday 9™ July

15:30-17:00

08:30-09:00 Registraion and Recap

09:00-10:30 - Introduction to Theory of Statistical Downscaling

10:30-10:45 Coffee Break

10:45-12:00 - Statistical Stochastic Approaches in AIMS

12:00-13:30 Lunch Break

15:30-17:00 - Hands-on : Downscaling of Climate Change Scenario using AIMS
Day 3, Wednesday 10" July

08:30-09:00 Registraion and Recap

09:00-12:00 - Hands-on : Downscaling of Climate Change Scenario using AIMS

12:00-13:30 Lunch Break

13:30-14:45 - Participant” s presentations

14:45-15:00 Coffee Break

15:00-16:00 - Technical Discussions and Wwap up

16:00-16:30 - Closing Ceremony

PAGASA 71% o5 AFE A=®9 T+, WF
3

e dPgsEo=F 2019.7.8.-2019.7.10. 33U+ Hands-on <]
AFE NASIH. B Jage] 53 7|FAHRI g2 EobidA gdsiA €82 F IES
208ka, 713 s AU s dAls & ¢ 58S T3l PAGASA 2 #H BE ol3] IAA
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Years in Respective Fields
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m— fverage =925 ® Years of Experience

Figure 97 Years of experience in the climate field
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£ & A. Clipped CMIP5 =71 & X|d9 =&
0 F7ee)

=713 Ic Ha e | Hax e | Hof /e | 20 B
Andorra AD 1422111 | 4243508 | 1.780389 42.6587
United Arab Emirates AE 51.50764 | 22.63407 | 56.37508 | 26.07886
Afghanistan AF 60.47844 | 2937747 | 74.87945 | 3848342
Antigua and Barbuda AG -62.3524 | 16.92722 -61.6591 17.72939
Anguilla Al -63.4349 | 18.16681 -62.932 | 18.61279
Albania AL 19.27561 | 39.64448 | 21.05728 | 42.66108
Armenia AM 4344978 | 38.83053 | 46.63003 | 41.30183
Angola AO 11.67922 -18.0421 | 24.08212 -4.37683
Antarctica AQ 0 -90 360 -60
Argentina AR -73.583 -55.0613 -53.5918 | -21.7813
American Samoa AS -171.092 -14.3825 -169.416 -11.0497
Austria AT 9.535916 | 46.37803 | 17.16272 | 49.01706
Australia AU 1129111 -54.7783 | 159.1113 -9.18214
Aruba AW -70.0611 12.40609 -69.8669 | 12.63062
Aland AX 19.29072 | 59.83476 | 21.13369 60.657
Azerbaijan AZ 4477192 | 3839706 | 50.60783 | 41.90564
Bosnia Herzegovina BA 15.71894 | 4256022 | 19.62193 | 45.23919
Barbados BB -59.6489 | 13.03984 | -59.4204 | 13.32726
Bangladesh BD 88.03 20.59 92.67 26.63
Belgium BE 2.546944 | 4949361 | 6.403861 51.50544
Burkina Faso BF -551892 | 9.401108 | 2.405395 | 15.08259
Bulgaria BG 22.35692 | 41.24208 | 28.61217 | 44.21545
Bahrain BH 50.38586 | 2554225 | 50.82869 | 26.28258
Burundi BI 28.99306 | -4.46571 | 30.84773 -2.31012
Benin BJ 0.774575 | 6.225748 | 3.851701 12.41835
Saint Barthemy BL -62.8764 | 17.88394 | -62.7924 | 17.93269
Bermuda BM -64.896 | 32.24664 -64.652 | 32.39383
Brunei Darussalam BN 114.0714 | 4.003083 | 1153594 | 5.047167
Bolivia BO -69.6408 | -22.8961 -57.4581 -9.68057
Bonaire BQ -68.4165 | 12.01715 -62.9437 17.6561
Brazil BR -73.9828 | -33.7507 | -28.8391 | 5.264877
Bahamas BS -80.4992 | 20.91607 | -72.7116 | 27.23203
Bhutan BT 88.76 26.71 92.13 28.32
Bouvet Island BV 3.335499 -54.4624 | 3.487976 -54.4003
Botswana BW 19.99953 -26.9072 | 29.36078 | -17.7808
Belarus BY 23.17689 | 51.25642 | 32.77081 56.16581
Belize BZ -89.2248 15.8893 -87.4681 18.49656
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Cocos (Keeling) Islands cC 96.82128 | -12.1854 | 96.93608 | -11.8039
Congo (Democratic Republic of the) CcD 12.20414 | -13.4557 | 31.30591 | 5.386098
Central African Republic CF 144201 | 2220514 | 27.46342 | 11.00757
Congo CG 11.20501 -5.02722 | 18.64984 | 3.703082
Switzerland CH 5.957472 458257 | 1049147 | 47.80533
Cote D'ivoire Cl -8.5993 | 4.357067 -24949 | 10.73664
Cook lIslands CK -165.858 | -21.9442 | -157.312 | -8.94403
Chile CL -109.46 -55.98 -66.42 -17.51
Cameroon CM 8494763 | 1.652548 | 16.19212 | 13.07806
Colombia co -81.73 -4.23 -66.87 13.39
Clipperton Island CP -109.233 | 10.28207 | -109.199 | 10.31345
Costa Rica CR -87.09 5.5 -82.56 11.22
Cuba Ccu -84.96 19.83 -74.13 23.59
Cape Verde cv -25.3587 | 14.80221 -22.6694 | 17.19718
Curacao W -69.1572 11.9732 | -68.6393 | 12.38567
Christmas Island CX 105.5389 -10.5759 | 105.7196 -10.4158
Cyprus cy 32.27308 346315 | 3459792 | 35.70153
Czech Republic cz 12.09619 | 4854292 | 18.86011 | 51.05889
Germany DE 5.865639 | 47.27578 | 15.03989 | 55.05564
Djibouti DJ 41.77345 | 10.90992 | 43.41697 | 12.70683
Denmark DK 8.075611 | 54.56239 | 15.15883 | 57.74842
Dominica DM -61.4841 1520169 | -61.2442 | 15.63181
Dominican Republic DO -72.0035 | 17.47009 -68.32 | 19.92986
Algeria Dz -8.67387 | 1896003 | 11.97955 | 37.09372
Ecuador EC -92.0108 | -4.99882 | -75.1846 | 1.664773
Estonia EE 21.77345 | 5751619 | 28.20997 | 59.68795
Egypt EG 24.7 21.73 36.24 31.67
Western Sahara EH -17.1032 | 20.77416 -8.67028 | 27.66967
Eritrea ER 36.43878 | 12.35956 | 43.14864 | 18.00308
Spain ES -18.1696 | 27.63882 | 4.315389 | 43.79172
Ethiopia ET 3299994 | 3.402422 | 47.98618 | 14.89375
Finland FI 20.55694 | 59.76758 | 31.58094 | 70.09605
Republic of Fiji FJ -180 -20.68 180 -12.48
Falkland Islands (Islas Malvinas) FK -61.3452 -52.9006 -57.7125 -51.0149
Federated States of Micronesia FM 138.05 5.26 163.03 11.68
Faroe Islands FO -7.68125 | 61.39494 | -6.25861 | 62.40075
France FR -5.14222 | 4133878 | 9.561556 51.0928
Gabon GA 8.695471 -3.97881 14.50235 | 2.322612
United Kingdom GB -8.65067 345635 | 3391769 | 60.84581
Grenada GD -61.8 | 1199237 | -61.3764 | 12.52921
Georgia GE 40.01014 41.0532 | 46.72597 43.5865
French Guiana GF -54.5425 | 2127094 | -51.6139 | 5.776496
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Guernsey GG -2.68247 | 4941278 | -235128 | 49.51469
Ghana GH -3.25542 | 4736723 | 1.191781 11.1733
Gibraltar Gl -5.35725 | 36.11242 | -533964 | 36.15981
Greenland GL -73.2635 | 5977727 | -11.3123 | 83.62742
Gambia GM -16.8251 | 13.06425 | -13.7978 | 13.82657
Guinea GN -15.0863 | 7.193553 | -7.64107 | 12.67622
Guadeloupe GP -61.8072 | 15.83097 -61 | 16.51685
Equatorial Guinea GQ 5.602367 | -1.45995 | 11.33572 3.78598
Greece GR 19.37444 | 34.80964 | 29.64708 | 41.75742
South Georgia and the South Sandwich Isla | GS -41.8161 -59.4843 | -26.2293 | -53.6469
Guatemala GT -92.2415 13.7373 | -88.2232 17.8174
Guam GU 1446192 | 13.24061 144954 | 13.65233
Guinea-Bissau GW -16.7175 | 10.85997 | -13.6365 | 12.68079
Guyana GY -61.3848 1.17508 | -56.4803 | 8.557567
Hong Kong HK 113.8378 | 2215325 | 1144348 | 22.56195
Heard Island and McDonald Islands HM 72.59653 -53.192 | 73.85915 -52.9094
Honduras HN -89.3508 | 12.98241 -83.1554 | 17.42363
Croatia HR 13.49322 421302 | 19.44912 | 46.53875
Haiti HT -744786 | 18.02103 | -71.6134 | 20.08782
Hungary HU 16.11189 | 45.74361 22.906 | 48.58567
Indonesia ID 95.01 -1 141.02 5.9
Ireland IE -10.6181 | 5142456 | -6.00239 55.4365
Israel IL 34.26595 17.2247 | 43.23508 | 33.33374
Isle of Man IM -4.83019 | 54.04464 -43115 | 54.41972
India IN 68.16 6.75 97.4 355
British Indian Ocean Territory 10 71.25997 -743803 | 72.49316 -5.22717
Iraq IQ 38.78962 | 29.06121 | 48.57592 | 37.38093
Iran IR 44.05 25.06 63.32 39.78
Iceland IS -24.5465 | 63.28675 | -13.4958 | 66.56377
Italy IT 6.614889 354922 | 1851344 47.0952
Jersey JE -2.26003 | 49.16983 | -2.02208 | 49.26506
Jamaica M -78.3666 | 17.70355 | -76.1803 | 18.52698
Jordan JO 3495798 | 29.18504 393012 | 33.37125
Japan JP 1229385 | 24.03647 | 153.9852 | 45.52314
Kenya KE 33.91 -4.68 419 4.63
Kyrgyzstan KG 69.27661 | 39.17283 | 80.28316 | 43.23822
Cambodia KH 102.34 9.91 107.63 14.69
Comoros KM 4321579 | -124138 | 4453822 | -11.3624
Saint Kitts and Nevis KN -62.8696 | 17.09534 | -62.5433 | 17.42012
North Korea KP 1241886 | 37.59731 | 130.6749 | 43.01159
South Korea KR 124.61 33.11 130.92 38.61
Kuwait Kw 46.55646 | 28.52461 | 48.43147 30.1037
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Cayman lIslands KY -81.4328 | 19.26303 | -79.7273 19.7617
Kazakhstan Kz 4649186 | 4093633 | 87.31267 | 55.45119
Laos LA 100.0931 13.91003 107.697 | 22.50039
Lebanon LB 35.11428 | 33.05457 | 36.62536 | 34.68486
Saint Lucia LC -61.0742 | 13.70478 | -60.8742 | 14.10324
Liechtenstein LI 9477805 | 47.05586 | 9.632195 | 47.27353
Sri Lanka LK 79.65292 | 5916833 | 81.88128 | 9.831361
Liberia LR -11.4921 | 4.353057 | -7.36511| 8.551791
Lesotho LS 27.02907 -30.669 | 29.46576 | -28.5721
Lithuania LT 20.94153 | 5390131 | 26.87194 | 56.44692
Luxembourg LU 5.734556 | 49.44658 | 6.528472 | 50.18494
Latvia Lv 20.97428 | 55.66886 | 28.24117 | 58.08231
Libya LY 9.38702 | 19.50805 | 25.15061 33.169
Morocco MA -13.1686 | 27.66212 | -0.99175 | 35.92803
Monaco MC 739575 | 4373197 | 7.452278 | 43.76953
Moldova MD 26.61889 | 4546688 | 30.13544 | 48.49017
Montenegro ME 1843398 | 41.85313 | 20.35819 | 43.55874
Saint Martin MF -63.1528 | 18.05223 | -62.9728 18.1307
Madagascar MG 43.19138 -25.609 | 5048378 | -11.9454
Marshall Islands MH 165.26 4.57 172.16 14.66
Macedonia MK 20.45242 40.8542 | 23.03409 | 4237448
Mali ML -12.2426 | 10.15951 | 4.244968 25
Republic of the Union of Myanmar(Burma) MM 92.19 9.6 101.18 28.54
Mongolia MN 87.75 41.57 119.92 52.15
Macau MO 113.5289 | 22.11067 113.591 | 2222233
Northern Mariana Islands MP 144.8861 1410736 | 146.0812 20.5428
Martinique MQ -61.2301 1439226 | -60.8155 | 14.87882
Mauritania MR -17.0665 | 14.71555 -4.82767 | 27.29807
Montserrat MS -62.2426 | 16.67101 -62.1464 | 16.81733
Malta MT 1419158 | 35.81028 | 14.57764 | 36.08203
Mauritius MU 56.51272 | -20.5257 | 63.50018 | -10.3193
Maldives MV 72.68389 | -0.69269 | 73.70617 | 7.098361
Malawi MW 32.67395 -17.125 | 3591682 | -9.36754
Mexico MX -118.454 | 1453455 | -86.7034 | 32.71676
Malaysia MY 98.94 0.86 119.27 7.36
Mozambique MZ 30.21732 | -26.8687 | 40.84447 | -10.4719
Namibia NA 11.71563 | -28.9714 25.2567 | -16.9599
New Caledonia NC 1581976 | -22.7146 | 172.0614 | -19.1038
Niger NE 0.16625 | 11.69697 | 1599564 | 23.52503
Norfolk Island NF 1679164 | -29.1194 | 168.0001 -28.9924
Nigeria NG 2.668432 | 4.277144 | 14.68007 | 13.89201
Nicaragua NI -87.6903 | 10.70754 | -82.5921 | 15.02591
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Netherlands NL 3.362556 | 50.75392 | 7.227944 | 53.55514
Norway NO 4.650167 | 57.96658 31.1382 | 79.68931
Nepal NP 80.06 26.36 88.2 3043
Nauru NR 166.899 | -0.55233 | 166.9453 | -0.50431
Niue NU -169.951 -19.1522 | -169.775 | -18.9511
New Zealand NZ 166.4386 | -52.6076 | -175.829 | -29.2411
Oman oM 52 16.6544 | 59.83658 | 26.38797
Panama PA -83.0514 | 7.197906 | -77.1741 | 9.644431
Peru PE -81.3267 | -18.3497 -68.678 | -0.01298
French Polynesia PF -154.688 | -27.6536 | -134.878 | -7.82825
Papua New Guinea PG 140.84 -11.66 159.48 -0.88
Philippines PH 116.93 461 126.6 21.12
Pakistan PK 60.88 23.69 77.84 371
Poland PL 14123 | 49.00636 | 24.15075 | 54.83914
Saint Pierre and Miquelon PM -56.4207 | 46.75327 -56.1574 | 47.14629
Pitcairn Islands PN -130.746 -25.0775 -124.773 -23.9173
Puerto Rico PR -67.9427 | 17.88305 -65.22 | 18.52017
Palestine PS 3422039 | 31.22229 | 3557546 | 32.55157
Portugal PT -31.2658 | 30.13889 | -6.18269 | 42.14564
Palau PW 131.1692 | 3.001139 | 134.7237 | 8.092916
Paraguay PY -62.6471 -27.6087 -54.2594 -19.294
Qatar QA 50.75722 | 24.47333 | 5242758 | 26.17758
Reunion RE 55.21909 | -21.3722 | 55.84504 | -20.8569
Romania RO 20.26439 43.6273 | 29.69106 | 48.26527
Serbia RS 18.85095 | 41.85235 | 23.00527 | 46.18945
Rwanda RW 28.85679 | -2.84068 | 30.89596 | -1.05348
Saudi Arabia SA 3449569 | 15.61425 55.6667 | 32.15432
Solomon Islands SB 155.5086 -12.2919 | 168.8435 -5.07831
Seychelles SC 46.1992 | -10.1937 | 56.27951 -3.71152
Sudan SD 21.83895 348639 | 38.58003 | 23.14689
Sweden SE 10.98672 | 5533711 | 24.16328 69.0625
Singapore SG 103.6383 | 1.164028 | 104.0901 1471278
Saint Helena SH -14.4212 | -40.3671 -5.63875 | -7.88782
Slovenia S| 13.38308 | 4541314 16.566 | 46.87792
Svalbard and Jan Mayen SJ -9.07989 | 70.82737 | 36.81528 | 80.83405
Slovakia SK 16.84775 | 47.72811 | 2257044 | 49.60317
Sierra Leone SL -13.3076 | 6.928689 | -10.2842 10
San Marino SM 1240186 | 43.89791 12.51556 | 43.99981
Senegal SN -17.5352 | 1230727 | -11.3559 | 16.69163
Somalia SO 4098863 | -1.66205 | 5141303 | 11.98519
Suriname SR -58.0866 | 1.831145 | -53.9775| 6.004546
Sao Tome and Principe ST 6.47017 -0.014 | 7.466374 | 1.701323
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El Salvador NY -90.1287 | 13.14868 | -87.6922 | 14.44507
Sint Maarten SX -63.144 | 18.01169 -63.013 | 18.07025
Syria SY 3572722 | 3231619 | 4237538 | 3731914
Swaziland SZ 30.79411 -27.3171 | 32.13726 | -25.7196
Turks and Caicas Islands 1C -72.4839 | 21.17004 -71.0803 | 21.97361
Chad D 1347348 | 7.441068 | 24.00266 | 23.45037
Togo TG -0.14732 | 6.104417 | 1.806693 | 11.13898
Thailand TH 97.35 5.61 105.64 20.46
Tajikistan T 67.38714 | 36.67414 | 75.13722 | 41.04225
Tokelau TK -1725 | -9.38111 -171.211 -8.55361
Timor-Leste TL 124.04 -9.5 127.34 -8.13
Turkmenistan ™ 5244144 | 35.14108 66.6843 | 42.79556
Tunisia TN 7.524833 | 30.24042 | 11.59828 | 37.54391
Tonga TO -176.21 -22.35 -173.7 -15.56
Turkey TR 25.6685 | 35.81542 44.835 | 42.10761
Trinidad and Tobago 1T -61.9238 | 10.03611 -60.4896 | 11.33834
Tuvalu TV 176.0649 | -9.43619 | 179.8634 | -5.64197
Taiwan T™W 116.7067 20.6975 | 122.0004 | 26.39206
Tanzania TZ 29.33 -11.75 40.44 -0.99
Ukraine UA 22.12889 | 44.39042 | 40.20739 | 52.36936
Uganda uG 29.57325 | -1.48405 | 35.03605 | 4.214427
Uruguay Uy -58.4427 -35.0479 -53.0739 -30.0822
Uzbekistan uz 55.99664 | 37.18433 | 73.13228 | 45.59968
Vatican City VA 1244375 | 41.90067 12.458 | 41.90839
Saint Vincent and the Grenadines VC -61.4593 | 1253017 -61.1139 | 13.37783
Venezuela VE -73.3541 | 0.626311 -59.8038 12.2019
British Virgin Islands VG -64.8318 | 1831274 | -64.2688 | 18.75722
Virgin Islands Vi -65.0863 | 17.68172 | -64.5652 | 18.41187
Vietnam VN 102.15 8.41 109.46 23.39
Vanuatu VU 166.525 | -20.2489 | 170.2348 | -13.0734
Wallis and Futuna WF -178.207 | -14.3878 | -176.129 | -13.2143
Samoa WS -172.8 -14.06 -171.41 -13.43
Yemen YE 4181606 | 1211108 | 54.53053 | 19.00233
Mayotte YT 45.01462 | -13.0001 | 45.29295 | -12.6338
South Africa ZA 16.45802 | -46.9789 | 38.00047 | -22.1266
Zambia M 22 -18.08 33.71 -8.22
Zimbabwe YA 2523703 | -22.4177 33.0563 | -15.6088
0 % Tl
United]|Alabama us | AL USAL -88.472 | 30.21725 | -84.8935 | 35.00888




States

gta?esit 4 Alaska US | AK | USAK | -179.151 | 51.20972 | 179.7734 | 71.33542
gta?esit 4| Alaska US | AK | USAK | -168.124 | 54.76392 | -129.994 | 72.6875
gta;‘esit | Arizona US | AZ |USAZ | -114.815 | 31.32917 | -109.045 | 37.00459
szta?esit d'| Arkansas US | AR | USAR | -94.6182 | 33.00453 | -89.6444 | 36.49966
lSJta?esit 4| california US | CA |USCA | -124.416 | 32.53088 | -114.129 | 42.00983
gta?esit 4| Colorado US | CO |USCO | -109.061 | 36.99223 | -102.042 | 41.00561
gta?esit 4| Connecticut US | CT |USCT | -73.7297 | 40.98001 | -71.7882 | 42.04973
LSJta?esit 4| Delaware US | DE | USDE | -75.7881 | 3842724 | -75.0497 | 39.84058
gta?esit 4| District of Columbia US | DC |USDC | -77.1205 | 38.80917 | -76.9097 | 38.99506
lsjta?esit 4| Florida US | FL | USFL | -87.6372 | 24.52042 | -79.7226 | 31.00211
;’ta?es” d Georgia US | GA | USGA | -85.6055 | 30.35713 | -80.8409 | 35.00204
lsjta;‘esit 4 Hawaii US | HI | USHI | -164.706 | 18.90986 | -154.806 | 23.57972
LSJta?esit 41 1daho Us | ID |USID -117.24 | 41.98984 | -111.044 | 49.00152
gta;‘esit 4 ilinois US |IL  |USIL | -91.5126 | 36.97112 | -87.0181 | 42.50948
gta;‘esit 9| Indiana US | IN |USIN | -88.0897 | 37.77305 | -84.7877 | 41.76232
gta;‘esit 41 owa US |IA |USIA | -96.6357 | 40.37454 | -90.1393 | 43.50465
lSJta?esit 4| Kansas US | KS |USKS | -102.049 | 36.99222 | -94.5927 | 40.00451
Eta?e;t d Kentucky US | KY |USKY | -89.5737 | 36.49672 | -81.9642 | 39.14723
gta?esit 4| Louisiana US | LA |USLA | -94.0458 | 28.92833 | -88.8181 | 33.0206
szta?esit 4| Maine US | ME | USME | -71.0818 | 43.06167 | -66.9489 | 47.45764
;’ta?e;t d Maryland US | MD | USMD | -79.4872 | 37.89222 | -75.05 | 39.72401
gta?esit d Massachusetts us MA | USMA | -73.5084 | 41.23833 | -69.9275 | 42.88666
gta?e;t d Michigan US | MI | USMI | -90.4187 | 41.6958 | -82.1229 | 48.30425
gta?esit 4| Minnesota US | MN [USMN | -97.239 | 435021 | -89.4878 | 49.3833
gta?e;t d Mississippi US | MS |USMS | -91.6543 | 30.17444 | -88.098 | 34.99832
gta?esit 4| Missouri US | MO [ USMO | -95.7744 | 3599509 | -89.1006 | 40.61403
gta?esit 4| Montana US | MT |[USMT | -116.051 | 4435769 | -104.04 | 49.00146
gta’;esit 4| Nebraska US | NE | USNE | -104.053 | 39.99989 | -95308 | 43.0028
lSJta?esit 4| Nevada US | NV [ USNV | -120.005 | 35.00208 | -114.039 | 42.00031
é’ta{‘es‘t 1 New Hampshire US | NH [USNH | -72.5564 | 42.69778 | -70.6007 | 45.30873
é’ta?es” | New Jersey US | NJ |[USNJ | -755676 | 38.92998 | -73.8936 | 41.35764
szta?esit 4| New Mexico US | NM [USNM | -109.05| 313319 | -103.001 | 36.99942
lSJta?esit 4| New York US | NY [USNY | -79.7633 | 4049617 | -71.8564 | 45.01583
lSJta?esit 4| North carolina US | NC |[USNC | -84.321|33.84167 | -75.4611 | 36.58901
gta’;esit 4| North Dakota US | ND |[USND | -104.05 | 4593505 | -96.5552 | 49.00122
United]Ohio US | OH |USOH | -84.8199 | 384025 | -78853 | 4296163
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States

o 1t e 91 oklahoma US |OK |USOK | -103.001 | 33.61525 | -94.4307 | 37.00093
gta?esi d Oregon us OR | USOR | -124.567 | 41.99246 | -116.462 | 46.29218
gta?esi d Pennsylvania US | PA | USPA | -80.5196 | 39.71943 -74.69 | 42.26788
LSJta?esi d Rhode Island us RI USRI -71.887 | 41.14688 | -71.1206 | 42.0191
lSJta?esi 4| south Carolina US | SC | USSC | -83.3544 | 32.04921 | -78.5467 | 35.21611
gtart]esi d South Dakota US | SD |USSD | -104.057 | 4248111 | -96.4366 | 45.94436
gta?esi d Tennessee US | TN | USTN | -90.3108 | 34.9839 | -81.6475 | 36.67925
LSJta?esi d Texas US | TX | USTX | -106.646 | 25.83808 | -93.5087 | 36.50344
gta?esi d Utah US | UT |USUT | -114.054 | 36.99863 | -109.041 | 42.0042
o T e 9 vermont US |VT |USVT | -73.4434 | 4272761 | -71.4677 | 4501626
gta?esi d Virginia US | VA | USVA | -83.6748 | 36.53914 | -75.2425 | 39.46658
lSJta?esi d Washington US | WA | USWA | -124.763 | 4555311 | -116.913 | 49.00359
S 1€ 9 West Virginia Us |wv |Uswv | -82.6408 | 37.20276 | -77.7197 | 40.63855
gta?esi d Wisconsin us Wi USWI -92.8854 | 42.4947 | -86.2496 | 47.30253
LSJta?esi d Wyoming US | WY | USWY | -111.055 | 40.99627 | -104.052 | 45.0042
Russia Adygey RU | AD | RUAD | 39.98716 45 | 40.81531 | 45.1819
Russia Altay RU | AL | RUAL | 82.59977 53| 87.11548 | 54.4181
Russia Amur RU AM | RUAM | 119.6844 | 48.84742 | 134931 | 57.06207
Russia Arkhangel'sk RU | AR | RUAR | 3557454 | 60.6331 | 69.07448 | 81.85625
Russia Astrakhan' RU AS RUAS | 47.33741 47 49.231 | 48.85713
Russia Bashkortostan RU | BK | RUBK 56.5283 54 | 59.92645 | 56.55827
Russia Belgorod RU | BL |RUBL | 37.54531 51| 39.37429 | 51.42618
Russia Bryansk RU | BR | RUBR | 33.40628 53 | 35.28292 | 54.02044
Russia Buryat RU | BU | RUBU | 98.66939 | 49.97516 | 116.9503 | 57.23717
Russia Chechnya RU | CN | RUCN | 4579918 43 | 46.61854 | 43.99496
Russia Chelyabinsk RU | CL |RUCL |57.13211 | 51.99345 | 63.37808 | 56.4087
Russia Chukot RU CcK RUCK | 157.8285 | 61.81045 | -168.997 | 76.16666
Russia Chuvash RU | CV | RUCV | 47.10248 56 | 48.45091 | 56.34806
Russia City of St. Petersburg RU | SP | RUSP | 30.18247 60 | 30.77482 | 60.26621
Russia Dagestan RU | DA | RUDA | 46.87387 43 | 4850511 | 45.0157
Russia Gorno-Altay RU | GA | RUGA 87.0147 51| 89.86594 | 52.64592
Russia Ingush RU | IN RUIN 449588 43 | 4531081 | 43.5749
Russia Irkutsk RU IK RUIK 95.67981 | 51.13745 | 119.1423 | 64.38344
Russia Ivanovo RU \% RUIV 41.72664 57 | 43.87276 | 57.71243
Russia Kabardin-Balkar RU KB RUKB | 43.52665 43 | 44.53472 | 43.9494
Russia Kaliningrad RU | KN | RUKN | 21.45331 55| 22.89281 | 55.29071
Russia Kalmyk RU KL RUKL 41.65788 | 44.7819 | 47.59436 | 48.25111
Russia Kaluga RU | KG | RUKG | 35.46502 54 | 37.2382 | 55.30994
Russia Kamchatka RU | KQ | RUKQ | 155.3683 | 50.87292 | 174.4967 | 64.91432
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Russia Karachay-Cherkess RU | KC RUKC | 41.84571 44 | 42.87969 | 44.47462
Russia Karelia RU | Kl RUKI 33.14798 64 | 37.9558 | 66.65115
Russia Kemerovo RU | KE RUKE | 87.20999 551 89.43916 | 56.87194
Russia Khabarovsk RU | KH | RUKH | 130.6404 | 46.63047 | 147.2791 | 62.52625
Russia Khakass RU | KK | RUKK | 89.85417 53] 91.84639 | 55.42476
Russia Khanty-Mansiy RU | KM | RUKM 59.4976 | 58.56961 | 85.9711 | 65.71573
Russia Kirov RU | KV | RUKV 49.846 59 | 53.89553 | 61.07433
Russia Komi RU | KO | RUKO | 4553928 | 59.20636 | 66.26655 | 68.41089
Russia Kostroma RU | KT RUKT 40.4334 | 57.27734 | 47.64773 | 59.61568
Russia Krasnodar RU | KD | RUKD | 39.49617 45| 41.8698 | 46.87986
Russia Krasnoyarsk RU | KX RUKX | 79.05438 | 51.81126 | 113.9202 81.285
Russia Kurgan RU | KU | RUKU | 64.81634 55| 68.67294 | 56.86603
Russia Kursk RU | KS RUKS | 36.12733 52 | 38.64569 | 52.4799
Russia Leningrad RU | LN RULN | 31.73995 60 | 35.71302 | 61.34615
Russia Lipetsk RU | LP RULP 39.18718 53| 40.81923 | 53.57239
Russia Maga Buryatdan RU | MG | RUMG | 144.7434 | 58.83747 | 163.4712 | 66.32999
Russia Mariy-El RU | ME | RUME | 47.94295 57 | 50.21301 | 57.34076
Russia Mordovia RU | MR | RUMR | 4447779 54 | 46.71314 | 55.17668
Russia Moscow City RU | MC | RUMC | 37.61497 56 | 37.98471 | 56.00751
Russia Moskva RU | MS | RUMS | 37.66731 56 | 40.24649 | 56.94193
Russia Murmansk RU | MM | RUMM | 284731 | 66.0482 | 41.40989 70
Russia Nenets RU | NN | RUNN | 43.26161 | 65.82341 | 65.71117 | 70.4625
Russia Nizhegorod RU | NZ | RUNZ | 44.64575 56 | 47.77844 | 58.07998
Russia North Ossetia RU | NO | RUNO | 44.32528 43 | 44.9804 | 43.75986
Russia Novgorod RU | NG | RUNG | 32.55662 58 | 36.47199 | 59.40626
Russia Novosibirsk RU | NS | RUNS | 75.11982 | 53.31324 | 85.11879 | 57.22952
Russia Omsk RU | OM | RUOM | 733625 56 | 76.29849 | 58.57165
Russia Orel RU | OL | RUOL | 36.48484 53] 38.09113 | 53.63833
Russia Orenburg RU | OB | RUOB | 55.63323 52 | 61.67635 | 54.38675
Russia Penza RU | PZ RUPZ | 44.65981 53 | 46.98454 | 54.01023
Russia Perm' RU | PE RUPE | 56.24063 59 | 59.50327 | 61.6983
Russia Primor'ye RU | PR RUPR | 134.7606 45 | 139.0524 | 48.45351
Russia Pskov RU | PS RUPS | 29.25882 57 | 31.5607 | 59.00039
Russia Rostov RU | RO | RURO | 41.33969 48 | 44.38322 | 50.18685
Russia Ryazan' RU | RZ RURZ | 40.65443 54 | 42.73572 | 55.32587
Russia Sakhalin RU | SL RUSL 141.2159 | 43.3604 | 156.5145 | 54.42515
Russia Sakha RU | SK RUSK | 105.8802 | 55.48731 | 162.773 | 76.76417
Russia Samara RU | SA | RUSA | 5047094 53 | 52.55949 | 54.6826
Russia Saratov RU | SR RUSR | 46.83063 52| 50.86278 | 52.83379
Russia Smolensk RU | SM | RUSM | 33.01268 55| 3541311 | 56.03981
Russia Stavropol' RU | ST RUST | 43.40009 45 | 45.70946 | 46.22586
Russia Sverdlovsk RU | SV RUSV | 57.25185 | 56.05931 | 66.17309 | 61.93131
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Russia Tambov RU | TB RUTB | 41.63719 53 | 43.29721 | 53.79139
Russia Tatarstan RU | TT RUTT | 50.93665 55| 54.20525 | 56.70815
Russia Tomsk RU | TO |RUTO | 82.13438 58 | 89.38503 | 61.01522
Russia Tula RU | TL RUTL | 37.58404 54 | 39.00706 | 54.83136
Russia Tuva RU | TU | RUTU | 94.79304 52 | 99.22062 | 53.75337
Russia Tver' RU | TV | RUTV | 34.74855 57 | 38.37488 | 58.84276
Russia Tyumen' RU | TY |RUTY | 69.16751 58 | 75.2059 | 59.95569
Russia Udmurt RU |UD |RUUD | 5281132 57 | 54.43482 | 58.54398
Russia Ul'yanovsk RU | UL | RUUL | 47.96307 54 | 50.26553 | 54.90311
Russia Vladimir RU | VL |RUVL |40.69196 56 | 42.93355 | 56.80787
Russia Volgograd RU | VG | RUVG | 44.18468 50 | 4743362 | 51.2534
Russia Vologda RU | VO | RUVO | 34.73989 | 58.48522 | 47.16401 | 61.63054
Russia Voronezh RU | VR | RUVR | 40.30996 51 | 42.95465 | 52.10144
Russia Yamal-Nenets RU | YN | RUYN 62.0521 | 62.21038 | 86.00291 | 73.53084
Russia Yaroslavl' RU | VYS RUYS | 37.32725 | 56.54425 | 41.21762 | 58.96016
Russia Yevrey RU | YV RUYV | 132.2385 49 | 134.9063 | 49.48933
Russia Zabaykal'ye RU |[ZB |RUZB | 107.7758 | 49.16374 | 122.098 | 58.4292
China Anhui CN | AH | CNAH | 117.2262 | 31.82579 | 119.6444 | 34.65511
China Beijing CN | BJ CNBJ | 116.4107 | 40.18491 | 117.4992 | 41.05928
China Chongging CN | CQ | CNCQ | 107.8748 | 30.05865 | 110.1911 | 32.21204
China Fujian CN | H CNFJ 117.9899 | 26.08106 | 120.8376 | 28.31261
China Gansu CN | GS | CNGS | 100.9339 | 37.82079 | 108.7154 | 42.77393
China Guangdong CN | GD | CNGD | 1134153 | 23.3352 | 117.3107 | 25.5203
China Guangxi CN | GX | CNGX | 108.7872 | 23.82741 | 112.0569 | 26.38757
China Guizhou CN | GZ | CNGZ | 106.8741 | 26.81518 | 109.5862 | 29.21916
China Hainan CN | HA | CNHA | 109.7458 | 19.19553 | 111.2724 | 20.16264
China Hebei CN | HB | CNHB | 116.1301 | 39.54574 | 119.8483 | 42.61761
China Heilongjiang CN | HL | CNHL |127.7824 | 47.84154 | 134.7739 | 53.56086
China Henan CN | HE | CNHE | 113.6136 | 33.88259 | 116.647 | 36.37418
China Hubei CN | HU | CNHU | 112.2691 | 30.97599 | 116.1297 | 33.27755
China Hunan CN | HN | CNHN | 111.7085 | 27.60698 | 114.2544 | 30.12812
China Jiangsu CN | JS CNJS 119.4557 | 32.97339 | 121.9293 | 35.12635
China Jiangxi CN | JX CNJX | 115.7208 | 27.61366 | 118.481 | 30.08064
China Jilin CN | JL CNJL 126.194 | 43.66441 | 131.3084 | 46.30137
China Liaoning CN | LN | CNLN | 122.6077 | 41.29892 | 125.916 | 43.49064
China Nei Mongol CN | NM | CNNM | 97.19769 | 37.44211 | 126.0762 53.389
China Ningxia Hui CN | NX | CNNX | 106.1649 | 37.27093 | 107.6518 | 39.38088
China Qinghai CN | QH | CNQH | 89.60876 | 31.55351 | 103.0612 | 39.3396
China Shaanxi CN | SA | CNSA | 108.8706 | 3519517 | 111.2468 | 39.58234
China Shandong CN | SD | CNSD | 118.1509 36.352 | 122.7063 | 38.40014
China Shanghai CN | SH | CNSH | 1214546 | 31.1966 | 122.8346 | 31.86931
China Shanxi CN | SX | CNSX 112.292 | 37.5759 | 114.5454 | 40.73576
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China Sichuan CN SC CNSC 102.71 | 30.61575 | 108.5342 | 34.3166
China Tianjin CN | TJ CNTJ 117.333 | 39.3104 | 118.0675 | 40.24478
China Xinjiang Uygur CN | XJ CNXJ 85.20363 | 41.11196 | 96.36517 | 49.17501
China Xizang CN | XZ CNXZ | 78.41688 | 27.32093 | 99.11231 | 36.48351
China Yunnan CN | YN CNYN | 101.4894 24976 | 106.1942 | 29.25112
China Zhejiang CN | Z) CNZJ 120.0888 | 29.17951 | 122.9424 | 31.18273
Canada Alberta CA AB CAAB -119.991 | 48.99711 -110 | 60.00006
Canada British Columbia CA BC CABC -139.058 | 48.27577 | -114.054 | 60.00007
Canada Manitoba CA MB | CAMB | -101.991 | 49.00127 | -88.9672 | 60.00208
Canada New Brunswick CA NB CANB -66.3794 | 46.61491 | -63.7711 48.0728
Canada Newfoundland and | A | NF | CANF | -67.8197 | 4660288 | -52.6189 | 62.49166
Canada Northwest Territories CA | NT | CANT | -136.464 | 59.99974 -102 | 78.82568
Canada Nova Scotia CA NS CANS -63.3316 | 45.14583 | -59.6425 | 47.22745
Canada Nunavut CA NU | CANU | -120.968 | 51.64139 | -61.1225 | 83.22367
Canada Ontario CA | ON | CAON | -95.1552 | 41.67777 | -74.319 | 56.87072
Canada Prince Edward Island CA PE CAPE -63.2462 | 46.39118 | -61.9714 | 47.05878
Canada Qubec CA QC | CAQC | -79.5876 | 45.00267 | -57.1055 | 63.69792
Canada Saskatchewan CA SK CASK -110 | 48.99509 | -101.352 | 60.00486
Canada Yukon CA YT CAYT -135.509 | 63.62795 | -123.789 | 71.07708
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