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Abstract Various sources of remote sensing data, primarily utilizing cross-calibrated multiplatform (CCMP) data,
supplemented by advanced scatterometer (ASCAT) and WindSat data, are compared to systematically evaluate wind
energy resources in Colombia and its northern maritime regions at regional and point scales. Initially, the accuracy of

CCMP data for wind speed and wind power density is validated through comparative analysis with multiple datasets,
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revealing that CCMP offshore wind speed distributions are largely consistent with the reanalysis data, despite some

discrepancies in magnitude. Subsequently, based on the analysis of the spatiotemporal distribution characteristics of wind

speed, the nearshore area of northern Colombia exhibits an increasing trend in wind speed, maintaining relatively high

levels (> 10 m/s) even during low-wind years, indicating this region as a consistently high-wind-speed zone. Furthermore,

by selecting key focal points (A, B, and C), the wind energy resources in critical areas that are suitable for wind power

development are assessed at the point scale. The analysis indicates that point C is optimal for large-scale wind farm

construction because of its high wind speed, wind power density, and stable wind direction distribution, whereas points A

and B are suitable for medium-sized wind power projects and demonstrate favorable economic benefits and technical

feasibility. The results of this study offer a scientific foundation for the rational development and utilization of wind

energy resources in Colombia, carrying significant practical importance.

Keywords Wind resource assessment, Multisource data, Satellite remote sensing, Colombia

SERRARARA ) H 28 IR, A O I PRt
S R 55 AR LR B R PRI PR 2 — o AR R )
W RAF AR P BT AR A S RGE
W, 3048 % [ BURFRIBFIN LG IPR R 354 21
BHRT, RS RHON R e mT 14 BE IS
- B s M ST B R J7 1) Chittps:/www.ipee.
ch/report/ar6/wg3/[2025-07-11]) (Meinshausen et al.,
20220, VEN—FhiEE . AR H SRR FE KRR
T, RBE R 25 A B AL G A TR 0, R4
BR AR B Rl R rh i AN P BRI A € (Tanaka
etal., 2022),

G EEMEAL TR L PR AL R, b o bk
PEWURT- ¥, BEN 2 kA TRt IA I
I E] 5710 m iR B A . X P 22 R
M IR FBOZ X BB AR, X
B, FEPRAERE K (Mejia-Parada et al., 2024)
TG EE AL R K B ER DL, 22 IXIEEF 2
RGHEEIE 10 m/s, #B73 X IR T2 X ATIA 17.5 m/s
(Bastidas-Salamanca and Rueda-Bayona, 2021), &
RS R HIX . ARYE 2022 SERART) (EHE T
g R PR ZE i 2 ) (https://www.minenergia.gov.
co/documents/6115/VF_Colombia_Offshore Wind R
oadmap_Final.pdf[2025-07-11]), 42 LG 7E /i1 )
EE i 1 XA ¥ b X 2R LT ) A 109 GW
(FRARAED . R F BRI IAET . 4o MRS R
HVE R R, 12 X S bR AT O A B B XUHL T )
I35EE 50 GW A4 (https://www.minenergia.gov.co/
documents/6115/VF_Colombia Offshore Wind Road
map_Final.pdf[2025-07-11]). BT, =HELILALE
PR JRE L R Bl XU A7y, (B RHE LR BURF R

AR T AR YR (OXUBE . KFHAESE) (KL,
2050 4% L 40%. DRI, BHE HE T R
TERIETIER. SR, XURE BE YA 2 ] AN a] L i)
EEAN S, 1SR 2 R I BT VR Pl o
37y 3%k Bk A0 W 1k B9 SR A% T AE (Torralba et al.,
2017; Miao et al., 2020) . R % Y5 ) 75 [7] 53 A1 52 Hh
T AR SFAT UL GRERG SR SR 2 2, AN A X
00 R AT AL ) B B R 22 e . RIS, XURE RV
FRY IS TR AR AR AR, 25 PN H AR AR AR I
X A % 010 7 ) — e ) A1 R P SR X R P A 7
R R RS R, AR KU 1 & Xs
TR B8 i RAE (Olauson, 2018; Miao et al.,
2020),

FAT, XISl 32 ORI T Hb ik o Hcahs A
Hor e (Xu et al., 2006; Jiang et al., 2010; Lin
et al., 2013; Torralba et al., 2017; Zhang R H et al.,
2019; Zhang Z T et al., 2019; Miao et al., 2020).
A Sty AR e T OO ) LR AR, )2
T LB I R A AN SR M v At . AR, At b
ARETTIR I VTAL, BT8R 2 2 08 BRIk A, 33K
AT HS A R BOR 73 A T Wl v 22 Pk ik . b Ah, Bl
FR) P70 B Bt EEARTE T VG TR, A H Tt )
Mgk, Hoohle B XURFRIERE JJA IR, B H A
— 5 B = R 2 (Miao et al., 2020), IX4E
i) REAE — TE AR L B2 T b R R ke bk A
vert, xR BOR T B P k. AR,
REJREAR PRI R FE N RVE L K S Bt
VDR 7B B HOR T BOMEE SCfF . BRRER
PR FIASET G R K E X EE S, AU
Ve vz, HRABGS R, AR,
e % A 7R I Hb T D S 5 AN &2 (Zheng et al.,
2012; Buchanan et al., 2018). 1, % J5 3% K


https://www.ipcc.ch/report/ar6/wg3/
https://www.ipcc.ch/report/ar6/wg3/
https://www.minenergia.gov.co/documents/6115/VF_Colombia_Offshore_Wind_Roadmap_Final.pdf
https://www.minenergia.gov.co/documents/6115/VF_Colombia_Offshore_Wind_Roadmap_Final.pdf
https://www.minenergia.gov.co/documents/6115/VF_Colombia_Offshore_Wind_Roadmap_Final.pdf
https://www.minenergia.gov.co/documents/6115/VF_Colombia_Offshore_Wind_Roadmap_Final.pdf
https://www.minenergia.gov.co/documents/6115/VF_Colombia_Offshore_Wind_Roadmap_Final.pdf
https://www.minenergia.gov.co/documents/6115/VF_Colombia_Offshore_Wind_Roadmap_Final.pdf

R VRS RS N A7 31 %

114 Climatic and Environmental Research

Vol. 31

5, THEBERAEZF S (Cross-Calibrated Multi-
Platform, CCMP) ¥, DS AE I 8] A0 25 8] 7 5
AR, R R R VAN R B SRR (i
4%, 2023). CCMP % ¥l id % & 2 Fh & 1&-F 6 1)
B, RO E A A HER I RIS E R, W
RHFRTE T G WS VFAG K B AR FEME:

SR, H TR T 2 U508 B TR I T XU _E )
Pl TAES R, B — [, ASCULEHME
W R A 9B, Bh CCMP 4 v 3 ZEHR IR,
24 ASCAT (Advanced Scatterometer) A1 WindSat
ol , dhfg B RBRIEHEAT RG22 IR
XFEE P38 JRGE I 25 73 AT R AIE 23 B R B A DX 3 XL
IYNT, AT VEAS G L R AL 38 ) R RE P I

2 HBIESHE

2.1 HUEKIR

AWFFECR T 3 M EE AR R R, RIES AL
HZF-& (Cross-Calibrated Multi-Platform, CCMP) (
https://climatedataguide.ucar.edu/climate-data/ccmp-
cross-calibrated-multi-platform-wind-vector-analysis[
2025-07-11]~ =gkttt (Advanced Scatterometer,
ASCAT) LK WindSat.

CCMP X 37 52 LA R P w7 R ATk b O
(ECMWF) [ 870 BT Flk 25 RN =35, R
A5 5y 75 1 [ 4k SeaWind. TMI. AMSR-E. SSM/I
5 22 b TR R I T A 2 T XU B R A 8 A
FEATOUL I B2 RL S5 SR A B0 U A R CBERE, LI I 1]
LN 19934 1 H 2 H & 20234 12 A 31 H.
ASCAT & C WBUMIBRUN v, FZH T i 1
SN N 1 P A1 2 R R A @ L) N w7 A
B, EIEERE: L3 N EEHE ASCAT #
B, 258 MetOp-A T2 CULII B (8] 95 Bl
2007 % 3 A 1 H A 2021 4F 11 A 8 H). MetOp-
BILE UMK EYEEHN 20124 12 5 13H=
2023 4F 12 A 31 H) 1 MetOp-C B2 CULI A ]
VL N 20194 7 A 1 HAE 20234 12 A 31 H).
WindSat #2 W ARFR G, 322 H T4 BRI X7 1)
W, MAMETTIERIRE. K. KES. =
WAS/KMIBER R, ANE d R, UL T8
200342 H 5 HAE 2020410 4 19 H.

X =R R B R A 0.25° (A X
0.25° (ZJZ) KNP %, HWEGERELT

WAk, Aeighe it E KRIAE S . {5 ASCAT
55 WindSat 24 A 1 R R, AR 78 A R .
HAKT 5, ASCAT Ml WindSat F %55 e 7] 43 4 2
J9 12 h, BRI AR 9 AN IF 0 HR XL R 0 A
1M CCMP H4f (i[R3R B 5y, SN 6h, REH$E
At 4 AR XGRS, 224 B e () TRDRG
X IR 8] 73 % 2R R 5 A BT 4 4 XU ) AR
1, $REE IRV AERATE . thsh, R T BRI
BRI AT 52V, @fEH T ERAS (Olauson,
2018; Hersbach et al., 2020) Fo#r EHE1E NS,
ERAS H BRI IR SR b2 fit, A w2 (el
IflA] 73 3R, R MATSR o EdE R STz B
BB EHR IR 2 —
2.2 HIETALIE

4 2 ) ASCAT. CCMP Fl WindSat X317 %1
P 20 3sk 2 ()RS (] B0 S5 AR ER, i ORAS [R) £ s Ui
HIR 22— 30 . BT CCMP 4 B A 5 & 1 [a]
SR R L&, A SCLBL CCMP #idE
FE R

R I (wind power density) 25 &5 KE
JATH o3 AT AN S FE RS, & RURE BE TR VP Al 1 —
TR 4R hR . AT 2R %5 B 2 i 5 AL m) 8 L %) B [
R EG W IIZ, PRI Dyp (AL
W/m®) kRN

DWP=2—1nZ;’:l(pv?), QD)

b, nAfERER A RIICSRE: p AT
CEfT: kg/m), 3% HHURR #E K01 T 2 R
FE 4y 1.225 kg/m®s v, N5 @ ANE SR I RGE B
m/s). P35 T 285 R ) v R 5 E I B IR
NI R I 2R FE R34, ANATHAE (BUHD P
KO TR (BH) PR IIRE R .

N T VPAS AN [F] R B U ) s 22 57, AT
% K B A R4y 2 8] () AR #E 22 (standard
deviation), THE AR T

SDy = /%Zy:l(vj—v)z, 2)

Hr, SDy MhrEZE, N WWIREASR, v, NiHH
I B P A RGN, v Rt B B XG44
23 RS EE#HE

1B R B R VE ASCAT. CCMP 1 WindSat 3542
Bt 10 m &R R EE . SR, 2 ETE A L


https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis
https://climatedataguide.ucar.edu/climate-data/ccmp-cross-calibrated-multi-platform-wind-vector-analysis

1 # LA JE T 2 IR RE IR BRI A HE M R A AR X R BE U P4
No. 1 ZHENG Jiangshan et al. Wind Resource Assessment of Colombian and Its Northern Marine Areas ... 115

I IR B BE B R AE 100 m 247, 5005
MR R E 2R Kk, A7 HER VRS K AE %
P, TEERE 10 mowE FE I KOS B FE #2100 m &
FEo RAE RSB TR 4% k5T IE
FARMIEY (GB/T 37523-2019) ([H 5 Wi I &
B SR R SR bR AL BE R B4, 2019),
K A AE 8 Hridof B A S0 U8 10 mo & FE X
B ag —HEH A 100 m & ANE m B KU 1) A2 4L
AW ARAT IS

Vz:vl(Z_z) , (3)
21

Hr, cARVIZIEE, o NCmmEE (AL
m), NEMWERERERE (B m), »
N R RGE CBAZ: m/s), v N B kb
P RGE CHLAZ: m/s)e DAL R PIAEFR 40 o BX 1/7
(0.1429) {ENITfME (Akinsanola et al., 2021).

3 GRS

31 ZIRBUEXILE 2R

Kl 1 /R T ERAS. CCMP. ASCAT #1 WindSat
FE 100 m 5 5 _F 1 22 4 2 R0 e FLbR i 22 40 A .
ZERARAERR A EAE R, Hrh, ASCAT
5 WindSat 4 A AR EAE, AR 5 Mt

M ERAS HHa 4 K E, WX N e
PEAFAE 35 ()R (A 22 57, R W EFAG EL Rt b S 3L
U R BHIE A AN ). BRI S, EHE L
i by (18 RGBSR, G R T 22 55 0 L Bk B 30 X 3k
CE VAt 7 e KO &/ o T BF 48 T b
0 3 U) 2R I R v ) R, R ) A B R R T
(Barranquilla) Jbt#F#EE (B 1 B ETTHE) AR
iP5 (La Guajira Peninsula) Jb#fEiE (& 1
HL AR D RS XSG 10 m/s, o XU#E

(c1) (dn

90°W 84°W 78°W 72°W 66°W 60°W

-
90°W 84°W 78°W T72°W 66°W

90°W 84°W 78°W 72°W 66°W

90°W 84°W 78°W T72°W 66°W

0 2 4 6 8 10 12
Wind speed/m s™!

90°W 84°W 78°W 72°W 66°W 90°W 84°W 78°W 72°W 66°W  90°W 84°W 78°W T72°W 66°W '90°W 84°W 78°W T72°W 66°W 60°W

0 01 02 03 04 05 06 07 08 09
Wind speed SD/m s™!
Bl (al. a2) ERAS. (bl. b2) CCMP. (cl. c2) ASCAT #1 (dl. d2) WindSat ¥ 100 m B ZHEFHIME (LHD HhaEE CF
o Gii. BEOJTHEN 2RI, 20 R By RAS R By AU, 38 (7 HE Dy 22 55 407 L KB I (X 4k
Fig. 1 Multiple-year average wind speed at 100 m height (upper row) and the corresponding standard deviation (lower row) from (al, a2) ERAS, (bl,
b2) CCMP, (cl, c2) ASCAT, and (d1, d2) WindSat data. The black square represents the northern sea area of Barranquilla, the red circle represents the

northern sea area of La Guajira Peninsula, and the yellow square represents the area near the Andes Mountains.
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Fig. 2 (a) Annual variation of average wind speed during 1993-2023 (dashed line denotes the multi-year average wind speed) and (b) the spatial

distribution of its trend (black dots indicate areas where wind speed change trends are statistically significant, p<<0.05), (c) the spatial distribution of

2023 average wind speed at the height of 100 m from CCMP data.
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Fig. 5 Same as Fig. 4, but for diurnal variations.
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