
ĐŦǊQỒŽẾáŴ�ďäŴṺ Ȋ ŦŪẾ Ï ẾŽŦẾá Ḷ ẾǍậQẾŽ ǍṺĔ 
ǺṺẾŽǊė Ḕ ŴĔẾ�ŦṺǊL
A Jä�Ŧậė ĊŽŦĔ Ḥ�ǍṺṺŦṺǊ ǺëǍŪ��Ế

ǺÏ ǅĊ ĈŴŽẾĄǍáäṺǊ ǍṺĔ Ḕ ǍŽ�Ếậá Ḷ ŴŽ�áQŴ�
ỄďṺẾ ẠȀẠȂ

Í ŴĀ ẪŦŽŦṺĄŦŴṺẾ
ẪǺĞ



● ĊŽŦĔ ��ǍṺṺẾŽá ṺẾẾĔ ậŴ ŪŴĔẾ� ẾëậŽẾŪẾá ŦṺ ậQẾ temperature-wind-solar ÜŴŦṺậ �ŽŴĀǍĀŦ�Ŧậė 
ĔŦáậŽŦĀďäŴṺĶ ệQŦĄQ ŪẾǍṺá ệẾ ṺẾẾĔ ŪǍṺė áǍŪ��Ếá ậŴ ĄQǍŽǍĄậẾŽŦēẾ Ŧậ

● Ȋ ŽǍĔŦäŴṺǍ� ŪẾậẾŴŽŴ�ŴǊŦĄǍ� ĔǍậǍáẾậá ǍŽẾ Ŧ��ỒáďŦậẾĔ ẺŴŽ ậQŦá ĀẾĄǍďáẾ ậQẾė ǍŽẾL
○ Too briefL ŴǇẾṺ �Ếáá ậQǍṺ ÀȀ ėẾǍŽá ẺŴŽ áẾŽŦǍ��ėỒĄŴŪ��ẾậẾ äŪẾ áẾŽŦẾá
○ Too low-resolutionL ŴǇẾṺ ÀȀ�ŪTĶ �ŦŪŦäṺǊ ǍĄĄďŽǍĄė ẺŴŽ ệŦṺĔ Ȓ áŴ�ǍŽ
○ Not adjusted for climate change

● Ḷ Ế ĀẾ�ŦẾếẾ ậQẾ ĀẾáậ Ǎ��ŽŴǍĄQ Ŧá ậŴL
○ ẪŴṺáậŽďĄậ ậQẾ QŦǊQẾáậỒŽẾáŴ�ďäŴṺ QŦáậŴŽŦĄǍ� äŪẾ áẾŽŦẾá ệẾǍậQẾŽ ĔǍậǍ ậŴ ŪẾǍáďŽẾ QŦǊQỒẼĔẾ�Ŧậė 

ếǍŽŦǍĀŦ�Ŧậė ĀẾậệẾẾṺ ậẾŪ�Ķ ệŦṺĔĶ ŦŽŽǍĔŦǍṺĄẾ 
○ ĊẾṺẾŽǍậẾ ŪǍṺė áǍŪ��Ếá ŴẺ ẺďậďŽẾ ệẾǍậQẾŽ ậQǍậ ŽẾ��ŦĄǍậẾá ŴĀáẾŽếẾĔ ếǍŽŦǍĀŦ�Ŧậė ǍĔÜďáậẾĔ ẺŴŽ 

Ą�ŦŪǍậẾ ĄQǍṺǊẾ ẾḖẾĄậá

Ȋ ŴĔǍėĿá �ŽẾáẾṺậǍäŴṺ

Overview



Temperature



Temperature Resolution from Traditional Datasets

Ȋ ẾŪ�ẾŽǍậďŽẾá ẺŽŴŪ ǍŦŽ�ŴŽậ áậǍäŴṺá ǍṺĔ ŽẾǍṺǍ�ėáŦá ĔǍậǍ ĔŴ ṺŴậ ĄǍ�ậďŽẾ �ŴĄǍ� ǊŽǍĔŦẾṺậáĶ ệQŦĄQ ŪǍė ĀẾ 
áẾếẾŽẾ ŴếẾŽ ďä�Ŧậė ẺŴŴậ�ŽŦṺậá ǍṺĔ ŪẾậŽŴ ǍŽẾǍá

ŒḔ Ŵáậ QŴďŽ�ė ǍŦŽ�ŴŽậ ĔǍậǍ ǍếǍŦ�ǍĀ�Ế 
ĀǍĄ� ậŴ ÄǺÅȀ



Temperature Downscaling Method

ÄĹ Ḕ ẾǍáďŽẾ ậQẾ Ế�ẾếǍäŴṺ ĔŦḖẾŽẾṺĄẾ ĀẾậệẾẾṺ 
QŦǊQỒŽẾáŴ�ďäŴṺ ậẾŽŽǍŦṺ ĔǍậǍ �ĊẸĞẨǺĶ ŖĄȀȀŪỜ 
ǍṺĔ ǺÍ AȂ

ẠĹ ẪǍ�Ąď�ǍậẾ ǍếẾŽǍǊẾ ǺÍ AȂ �Ǎ�áẾ ŽǍậẾá �ŴĈO�ŪỜ Āė 
QŴďŽ ŴẺ ĔǍė

ÀĹ A���ė ǺÍ AȂ QŴďŽ�ė �Ǎ�áẾ ŽǍậẾá ậŴ QŦǊQỒ
ŽẾáŴ�ďäŴṺ Ế�ẾếǍäŴṺ ĔŦḖẾŽẾṺĄẾá ậŴ ǍĔÜďáậ 

AĄậďǍ� Ế�ẾếǍäŴṺ

AĔÜďáậẾĔ ậẾŪ�ẾŽǍậďŽẾ



Temperature Downscaling Validation
Hours 12 - 16Hours 4 - 8

ǺÍ AȂ Í ẠL ȀĹǺĀĄ
Ï ďṺǍŦŽŦŴ Í ẠL ȀĹǺÅȂ

ǺÍ AȂ Í ẠL ȀĹǺĀȀ
Ï ďṺǍŦŽŦŴ Í ẠL ȀĹǺĀȂ

ERA5
Sunairio

ERA5
Sunairio



Temperature Downscaling Result

ȂŴệṺáĄǍ�ẾĔ ậẾŪ�ẾŽǍậďŽẾ �ŽŴẼ�Ếá ǍŽẾ ǍĄĄďŽǍậẾ and ŽẾếẾǍ� �ŴĄǍ� ǊŽǍĔŦẾṺậá 



Wind



Wind Resolution from Traditional Datasets

9

Ï ǍŪẾ �ŽŴĀ�ẾŪ Ǎá ậẾŪ�ẾŽǍậďŽẾ ỖĄŽŦäĄǍ��ė ŦŪ�ŴŽậǍṺậ ậŴ ŽẾĄäẺė 
ŦṺ ŴŽĔẾŽ ậŴ ŪŴĔẾ� ệŦṺĔ ẺǍŽŪ ếǍŽŦǍĀŦ�Ŧậė ǍĄĄďŽǍậẾ�ė



Downscaling ERA5 to 3km via the HRRR

10

ÄĹ ĞẸÏ Ķ ậŽǍŦṺ Ȓ ếǍ�ŦĔǍậẾ ŴṺ ÅỒėẾǍŽ �ẾŽŦŴĔ 
�ĐÍ Í Í  ếẠTỜ

ẠĹ ẪŴẾI ĄŦẾṺậá ẺŴŽ ẾếẾŽė ǊŽŦĔ ĄẾ��Ķ ẾếẾŽė 
QŴďŽ ŴẺ ėẾǍŽ �ŖÄĄ Ẩ ŪŴĔẾ�áỜ

ÀĹ A���ė áẾǍáŴṺǍ� áŪŴŴậQŦṺǊ 
ậŴ ĄŴẾI ĄŦẾṺậá

ẢĹ ḤŽẾĔŦĄậ ĀǍĄ� ậŴ ÄǺȂȀ

ȂĹ ẨŦǍáỒĄŴŽŽẾĄậ 
ếŦǍ ậQẾ ẠȂȀŪ Ċ�ŴĀǍ� Ḷ ŦṺĔ Aậ�Ǎá



Validation: 100m AGL
Validation of 100m Wind speed against Tall Tower data 

Ḷ ǅĘȂ
Ȋ ŴŴ��Ŧậ

Ï ďṺǍŦŽŦŴ

11

Ḷ ǅĘȂ
Ȋ ŴŴ��Ŧậ

ĞďŽ ệŦṺĔ ĔǍậǍáẾậ á�ŦǊQậ�ė Ŵďậ�ẾŽẺŴŽŪá ĘÍ ǺẸ Ḷ ǅĘȂ ậŴŴ��Ŧậ Ǎậ ÄȀȀŪĶ QǍá ÄȀë Ù ėŽá 

Ï ďṺǍŦŽŦŴ Ḷ ǅĘȂ
Ȋ ŴŴ��Ŧậ

Ï ďṺǍŦŽŦŴ



Wind Downscaling Result

ĿǍ�ŦĔǍäŴṺ ŴẺ ÄȀȀŪ Ḷ ŦṺĔ á�ẾẾĔ ǍǊǍŦṺáậ Ȋ Ǎ�� Ȋ ŴệẾŽ ĔǍậǍ 

12
ȂŴệṺáĄǍ�ẾĔ ệŦṺĔ äŪẾ áẾŽŦẾá ǍŽẾ ǍĄĄďŽǍậẾ and ŽẾếẾǍ� �ŴĄǍ� ǊŽǍĔŦẾṺậá 



Additional Turbine-scale Modeling: WindNinja

13

● ẪŽẾǍậẾĔ Āė ậQẾ Ḕ ŦááŴď�Ǎ ĈŦŽẾ Ï ĄŦẾṺĄẾá ẸǍĀŴŽǍậŴŽė

● ȂẾếẾ�Ŵ�ẾĔ ẺŴŽ ẾŪẾŽǊẾṺĄė ŽẾá�ŴṺĔẾŽá ậŴ ďṺĔẾŽáậǍṺĔ 
ệŦ�Ĕ�ǍṺĔ ẼŽẾ ĀẾQǍếŦŴŽ

○ ẸŴệ ẪḤJ ŽẾŹďŦŽẾŪẾṺậá
○ ĈǍáậ áŦŪď�ǍäŴṺ äŪẾá

● Ï Ŵ�ếẾá ĄŴṺáẾŽếǍäŴṺ ŴẺ ŪǍáá ǍṺĔ ŪŴŪẾṺậďŪ ẾŹďǍäŴṺá 
ŽǍậQẾŽ ậQǍṺ ậďŽĀď�ẾṺậ ĮŴệ

● ḤŽŴếẾṺ Ǎậ ǊŽŴďṺĔ �ẾếẾ�Ķ ệẾ Ǎ���ė Ŧậ ậŴ ŪŴĔẾ� Ǎậ ậďŽĀŦṺẾ QďĀ 
QẾŦǊQậá

Ğ�ẾṺ áŴďŽĄẾ ǍṺĔ ẾI ĄŦẾṺậ ẪĈȂ ŽẾáŴ�ếẾá ậďŽĀŦṺẾỒáĄǍ�Ế ậẾŽŽǍŦṺ ẾḖẾĄậá 
ẺŽŴŪ ŪẾáŴáĄǍ�Ế ệŦṺĔ á�ẾẾĔ ŦṺ�ďậá 



14

WindNinja Speed Corrections by Direction

Í Ế�ẾǍậ ẺŴŽ ĀÀĶȀȀȀT 
ậďŽĀŦṺẾá ŦṺ JĹÏ ĹẠȂ ŪOá

14 ẪĈȂ ǍṺǍ�ėáŦá ŽẾáŴ�ếẾá ĔŦŽẾĄäŴṺǍ� ệŦṺĔ á�ẾẾĔ ếǍŽŦǍĀŦ�Ŧậė ẺŴŽ ẾếẾŽė ậďŽĀŦṺẾ �ŴĄǍäŴṺ 



Irradiance



Irradiance
● ǅŽŽǍĔŦǍṺĄẾ Ŧá QǍŽĔỈ

● ǅḤḤá ǊẾṺẾŽǍ��ė ŴṺ�ė ậŽďáậ áǍậẾ��ŦậẾ ĔǍậǍ �ṺŴậ ǺÍ AȂỜ
○ ẸŦŪŦậá ďá ậŴ ÄǺǺÅ Ǎậ ậQẾ ẾǍŽ�ŦẾáậ
○ ĘŴậ Ą�ẾǍŽ ŦẺ ǺÍ AȂ ŦŽŽǍĔŦǍṺĄẾ Ŧá ǍĄĄẾ�ậǍĀ�Ế ẺŴŽ ǊŽŦĔ 

��ǍṺṺŦṺǊ

● Ḷ Ế ĔŴṺĿậ QŴệ ậŴ ǍĄĄďŽǍậẾ�ėŪŴĔẾ� QŦáậŴŽŦĄǍ� Ą�ŴďĔá Ǎậ QŦǊQ 
ŽẾáŴ�ďäŴṺ ệŦậQŴďậ áǍậẾ��ŦậẾ ĔǍậǍ

● ĈŴŽ ṺŴệĶ ŴďŽ Ǎ��ŽŴǍĄQ ŦáL
○ ẨŦǍáỒǍĔÜďáậ ĘÏ Í ȂẨ ệŦậQ ẨÏ Í Ę ŴĀáẾŽếǍäŴṺá
○ ẪŽẾǍậẾ ŴďŽ ŴệṺ ĘÏ Í ȂẨỒ�Ŧ�Ế �Ŧ�Ế�ŦṺẾ ẺŴŽ ĊĞǺÏ
○ NŦẾ�Ĕá ÄǺǺÅỒ�ŽẾáẾṺậĶ áǍậẾ��ŦậẾỒĀǍáẾĔ ĔǍậǍ
○ Ȋ QẾṺ ĄŽẾǍậẾ áậŴĄQǍáäĄ ẾṺáẾŪĀ�Ếá ậŴ ǊẾṺẾŽǍậẾ ŪŴŽẾ 

áǍŪ��Ếá

Ï ǍậẾ��ŦậẾ áď�ẾŽŦŴŽŦậė ĄŽẾǍậẾá Ǎ ậŽǍĔẾŴḖL 
ŪŴŽẾ QŦáậŴŽŦĄǍ� ėẾǍŽá ŴẺ ĔǍậǍ �ǺÍ AȂỜ ŴŽ ŪŴŽẾ QŦáậŴŽŦĄǍ��ė ǍĄĄďŽǍậẾ ĔǍậǍ �áǍậẾ��ŦậẾáỜĪ  



Example Grid Planning Use Case



Sunairio / Xcel (PSCo) Net Load Simulation

AĄ
Ąď

ŽǍ
Ąė

Ḕ ŴĔẾ� ĿǍ�ŦĔǍậẾ ḤŽẾĔŦĄậ

ẢȀ ệŦṺĔ ǍṺĔ áŴ�ǍŽ ǍááẾậáĶ ÄȀ �Ŵ�ď�ǍäŴṺ ĄẾṺậẾŽáĶ ÄȂỒėẾǍŽ äŪẾ QŴŽŦēŴṺ 

ếŦǍ áậŴĄQǍáäĄ 
ẾṺáẾŪĀ�Ế

ŴṺ Ŵ�ẾŽǍäŴṺǍ� áŦậẾ 
ĔǍậǍ

Ŵ�ẾŽǍäŴṺǍ� ǍṺĔ ��ǍṺṺẾĔ 
ếǍŽŦǍĀ�Ế ŽẾáŴďŽĄẾá



Validation Methodology

AĄ
Ąď

ŽǍ
Ąė

ĿǍ�ŦĔǍậẾ

● GoalL ẾếǍ�ďǍậẾ ậQẾ ǍĄĄďŽǍĄė ŴẺ Ï ďṺǍŦŽŦŴ QŴďŽ�ė ǊẾṺẾŽǍäŴṺ �ŴậẾṺäǍ� ŴẺ ṺẾệ ��ŽẾỒ
ĄŴṺáậŽďĄäŴṺỜ ệŦṺĔ ǍṺĔ áŴ�ǍŽ ŽẾáŴďŽĄẾá

● MethodL
○ ẨẾṺĄQŪǍŽ� Ï ďṺǍŦŽŦŴ ậŴ ṂĄẾ�Ŀá ẾëŦáäṺǊ ŪŴĔẾ�ŦṺǊ Ǎ��ŽŴǍĄQ
○ Ḕ ẾǍáďŽẾ ậQẾ QŴďŽ�ė ẾŽŽŴŽ ŴṺ Ŵ�ẾŽǍäṺǊ ǍááẾậá ệŦậQ áẾếẾŽǍ� ėẾǍŽá ŴẺ ĔǍậǍ 

�Ą�ẾǍṺ ẺŴŽ ǍếǍŦ�ǍĀŦ�Ŧậė ǍṺĔ ĄďŽậǍŦ�ŪẾṺậ ẾếẾṺậáỜ

● Benchmark:
○ ṂĄẾ� ĄďŽŽẾṺậ�ė ďáẾá Ǎ ŪŴĔŦẼẾĔ ṺẾǍŽẾáậỒṺẾŦǊQĀŴŽ Ǎ��ŽŴǍĄQ ậŴ ǊẾṺẾŽǍậẾ 

QŦáậŴŽŦĄǍ� äŪẾ áẾŽŦẾá ệẾǍậQẾŽ ĔǍậǍ ẺŽŴŪ ệẾǍậQẾŽ ŴĀáẾŽếǍäŴṺá Ǎậ ṺẾǍŽĀė 
áŦậẾá

ṂĄẾ� ĄŴŪ�ǍŽẾĔ Ï ďṺǍŦŽŦŴ ậŴ Ǎ ŪẾậQŴĔ ďä�ŦēŦṺǊ ṺẾŦǊQĀŴŽŦṺǊ áŦậẾ ŪẾǍáďŽẾŪẾṺậá 



Selected Validation Results (Wind)

AĄ
Ąď

ŽǍ
Ąė

ĿǍ�ŦĔǍậẾ
Hourly Capacity Factor Error Reduction 

�ŦŪ�ŽŴếẾŪẾṺậ ệŦậQ Ï ďṺǍŦŽŦŴỜ  

Í Ḕ Ï Ǻ Ḕ AǺ

Wind Farm A ỒÀÅǊ ỒẢẢǊ

Wind Farm B ỒẢÅǊ ỒȂĀǊ

Wind Farm C ỒẠȂǊ ỒÀȀǊ

Wind Farm D ỒĄẠǊ ỒÅÅǊ

Wind Farm E ỒẠȂǊ ỒẠĄǊ

Ḕ ŴĔẾ�ŦṺǊ ṺẾệ ệŦṺĔ ẺǍŽŪ ǊẾṺẾŽǍäŴṺ ệŦậQ Ï ďṺǍŦŽŦŴ ŽẾĔďĄẾá QŴďŽ�ė ẾŽŽŴŽ áŦǊṺŦẼĄǍṺậ�ė 



Summary

Sunairio High-resolution Earth Data

Temperature, dewpoint Wind speed + direction Irradiance (GHI, DNI, DHI)

Historical date range ÄǺȂȀỒ�ŽẾáẾṺậ ÄǺȂȀỒ�ŽẾáẾṺậ ÄǺǺÅỒ�ŽẾáẾṺậ �áǍậẾ��ŦậẾỒĀǍáẾĔỜ
ÄǺȂȀỒ�ŽẾáẾṺậ �ǺÍ AȂỜ

Spatial resolution ȀĹĄ �Ū À �Ū Ạ �Ū �áǍậỜ O ÀȀ �Ū �ǺÍ AȂỜ

Temporal resolution Ä QŴďŽ Ä QŴďŽ Ä QŴďŽ

Height above ground ẠŪ ẠŪ ậŴ ÀȀȀŪ ṺOǍ

Geographic domain ẪĞĘJÏ ẪĞĘJÏ ẪĞĘJÏ

Update frequency ĐŴďŽ�ė ĐŴďŽ�ė ĐŴďŽ�ė

Continuously updating? NẾá NẾá NẾá

Access JǅĶ AḤǅĶ Ï ṺŴệĮǍ�Ế JǅĶ AḤǅĶ Ï ṺŴệĮǍ�Ế JǅĶ AḤǅĶ Ï ṺŴệĮǍ�Ế

ĐŦǊQỒŽẾáŴ�ďäŴṺ äŪẾ áẾŽŦẾá ĔǍậǍ ŴṺỒĔẾŪǍṺĔ ẺŴŽ ếǍŽŦǍĀ�Ế ẾṺẾŽǊė ŽẾáŴďŽĄẾ ŪŴĔẾ�ŦṺǊ 



Rob Cirincione
� � �
� � � � � � � � � � � � � � � �

THANK YOU!
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